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Electrochemical hydrogen production by
dithiooxamidate-bridged polynuclear Ni complexes
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Abstract

The behaviour of dithioxamidate-bridged dinuclear and tetranuclear nickel complexes as catalysts for
electrochemical hydrogen production was evaluated. The behaviour was investigated by cyclic voltammetry. Both
complexes showed significant catalytic cathodic currents when trifluoroacetic acid was used as a proton source. This
catalytic cathodic current suggests that the two complexes are candidates for electrochemical hydrogen production

catalysis.
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Abstract

Morphology of erythrocytes is controlled by vertical interactions between lipid bilayer and cytoskeleton or
horizontal interactions between cytoskeletal proteins. These interactions are influenced by pressure. However, the
cell shape of pressure-treated cow erythrocyte has not been determined. So, the effect of pressure (200 MPa) on the

morphology of human and cow erythrocytes was examined using light microscope and scanning electron microscope.
The shape of pressure-treated human erythrocytes was spherical and various sizes of vesicles were observed on the
membrane surface. On the other hand, pressure-treated cow erythrocytes demonstrated an elliptical shape and smooth
membrane surface. On the basis of the extraction of cytoskeletal proteins from the membrane by low ionic strength
buffer, we found that the lipid bilayer is tightly linked to cytoskeleton in cow erythrocytes than human cells. Taking
hemolytic anemia into account, these results suggest that the horizontal interactions than vertical ones are affected by

pressure in the cow erythrocytes.

Keywords: bilayer-cytoskeleton interaction, cell shape, cow erythrocyte, hemolysis, high pressure

1. Introduction

The morphology of normal human erythrocytes is
a biconcave disc. However, this morphology is changed
by the incorporation of drugs into the bilayer. According
to the bilayer-couple hypothesis, cationic drugs such as
chlorpromazine are intercalated into the inner leaflet of the
bilayer and induce the shape change to stomatocyte from
discocyte, whereas anionic drugs such as phenylbutazone
intercalated into the outer leaflet transform to echinocyte
[1, 2]. As seen in hemolytic anemia, on the other hand, this
normal shape is altered in hereditary spherocytosis (HS) [3,
4] and hereditary elliptocytosis (HE) [3, 4]. These abnormal
shapes are induced by defective cytoskeleton [3-5]. There-
fore, the stability of cytoskeleton is an important factor in
the morphology of erythrocytes. Of mammalian erythro-
cytes, cow red blood cells are extremely stable against the
membrane perturbations by heating [6] and high hydrostatic
pressure (hereafter, referred to as pressure) [7]. Therefore,
the information from the cow erythrocyte membrane is
helpful to fully understand the membrane structure of the
human red blood cells. Here, the properties of cow eryth-
rocytes are compared with those of human red blood cells.

Human and cow erythrocytes are characterized by follow-

ing properties: 7.6 and 5.3 um in diameter [8, 9], 1.7 and
2.1 um™ in surface area-to-volume ratio [10, 11], and 120
and 150 days in life span [6], respectively. In both erythro-
cytes, the membrane lipid composition is greatly different.
Phosphatidylcholine (PC), which is contained in the human
erythrocyte membrane, is replaced by sphingomyelin (SM)
in the cow membrane [12]. Bovine serum contains antiami-
noethylphosphonolipid antibodies, which react with PC and
phosphatidylethanolamine (PE) and exhibit a hemolytic ac-
tivity [13]. Aminoethylphosphonolipids are synthesized by
rumen ciliates [13]. Moreover, the response of erythrocytes
to metal ions is different in human and cow. For instance,
zinc ions induce the cell agglutination in human erythro-
cytes, but not in cow ones [14]. This different response is
ascribed to the difference in amino acid sequence on the
extracellular domain of band 3 in the erythrocyte membrane
[14].

Hemolytic properties of erythrocytes provide unique
information about the membrane structure. For instance,
hypotonic hemolysis is extremely sensitive to the surface
area-to-volume ratio of the cell [10, 15]. So, this method is
used to diagnose HS as the inherited erythrocyte membrane
disorder [16]. On the other hand, the hemolysis induced

by pressure provides information about the bilayer-cyto-
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skeleton interaction [17]. So, it is of interest to compare
the behavior of human and cow erythrocyte membranes
under pressure and hypotonic conditions. In this work, we
describe that pressure-treated cow erythrocytes exhibit the
elliptical cell shape due to the perturbation of cytoskeleton,
whereas human cells are spherical in cell shape due to the

reduced interaction between lipid bilayer and cytoskeleton.
2. Materials and methods

2. 1 Hemolysis

Human erythrocytes were obtained from the Kyushu
Red Cross Center. Cow blood was obtained using heparin
as an anticoagulant from bovines raised in animal facility of
Azabu University and centrifuged for 10 min at 1,000 X g
and 4°C. Erythrocytes were washed three times in PBS (10
mM sodium phosphate, 150 mM NaCl, pH 7.4). For pres-
sure-induced hemolysis, the erythrocytes suspended in PBS
were exposed to a pressure of 200 MPa for 30 min at 37 °C
[18,19]. After the decompression, the erythrocyte suspen-
sions were centrifuged for 1 min at 1,000 X g and room
temperature (25 °C), and the absorbance of the supernatants
was measured at 542 nm [17]. Complete hemolysis was
obtained using Triton X-100 [19]. For hypotonic hemolysis,
the erythrocytes were suspended in 10 mM sodium phos-
phate buffer (pH 7.4) containing 54 mM NaCl, incubated
for 10 min at 37°C [18], and centrifuged for 1 min at 1,000
X g. The degree of hemolysis was estimated as mentioned

above.

2.2 Cell shape of pressure-treated erythrocytes

The cell shape of 200 MPa-treated erythrocytes was
observed using a light microscope (Olympus, model IX-71)
[20]. Furthermore, the membrane surface of erythrocytes
was in detail examined by a scanning electron microscope
(SEM)(model JSM-LV, JEOL) [20].

2. 3 Preparation and stability of lipid vesicles

Membrane lipids were extracted from erythrocytes
by using a mixed solvent of chloroform and methanol (v/
v = 2:1) [21]. For the detection of membrane lipids by
matrix-assisted laser desorption and ionization time-of-
flight mass spectrometry (MALDI-TOF-MS) in linear
positive-ion mode, 2, 5-dihydroxybenzoic acid (2, 5-DHB,
10 mg/mL, Tokyo Kasei) was dissolved in a mixed sol-
vent of chloroform and methanol (v/v = 2:1) and used as a
matrix [22]. The lipids were dissolved in a mixed solvent
of chloroform and methanol (v/v =1:9). As samples for
MALDI-TOF-MS, equal volumes of lipids and 2, 5-DHB

were mixed [22]. The measurement was performed by an
Auto-flex speed MALDI-TOF mass spectrometer (Bruker).

To prepare hemoglobin (Hb)-containing vesicles, the
solvent in lipid solution was evaporated by rotary evapora-
tor. Dried lipids (1 mg) were suspended by sonication for 3
min in 0.1 mL of the Hb solution (w/v = 9%) that cow Hb (50
mg) was dissolved in PBS. The resulting suspension was
gently pumped back and forth with a microsyringe [23]. The
pumped suspension was diluted with 1 mL of PBS and cen-
trifuged for 10 min at 100 X g. The supernatant was filtered
using a Millipore filter (diameter 12 pm) and then centri-
fuged for 10 min at 1,000 X g. The pellets were suspended
in PBS and subjected to a pressure of 200 MPa for 30 min
at 37°C. After the decompression, the size of vesicles was
measured using an EPICS XL-MCL flow cytometer (Coulter,
USA) [17, 19].

2. 4 Bilayer-cytoskeleton interaction

Detachment of the cytoskeletal proteins from the
membrane was carried out using open ghosts, which were
prepared from erythrocytes by 5 mM sodium phosphate, pH
8 (5P8) at 0°C. In brief, these open ghosts were suspended
in 7 volumes of 5P8 and incubated for 30 min at 37°C [24].
After the incubation, ghost suspensions were centrifuged
for 20 min at 20,000 X g and 4°C. The supernatants were
used for SDS-PAGE [14] and determination of protein con-
centration by the method of Lowry et al. [25].

3. Results

3. 1 Hemolysis of cow erythrocytes at 200 MPa
Hemolysis of erythrocytes is widely used as an indi-
cator of the membrane stability. So, using this indicator we
examined the membrane stability of human and cow eryth-
rocytes under pressure or hypotonic buffer. As shown in
Fig. 1, the hemolysis of cow erythrocytes at 200 MPa was
compared with that of human red blood cells. When the de-
gree of pressure-induced hemolysis in human erythrocytes
was 44.4 £ 3.3 (n = 3), that in cow red blood cells was 5.7
£ 1.2 (n = 3). This result indicates that the cow erythrocyte
membrane is stable against pressure, compared with human
red blood cell membrane. On the other hand, when the
value of hypotonic hemolysis in human erythrocytes was
10.0 £ 9.0 (n = 3), cow erythrocytes were completely he-
molyzed (Fig. 1). This suggests the osmotic fragility of the

cow erythrocyte membrane.
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Fig.1 Stress-induced hemolysis of human and cow erythrocytes.
For pressure-induced hemolysis, erythrocytes were exposed
to a pressure of 200 MPa for 30 min at 37°C. In the hypotonic
hemolysis, erythrocytes were incubated for 10 min at 37°C in the
hypotonic buffer. Values are means + SD for three independent
experiments.

*p < 0.02 vs. Human (Student’s #-test).

3. 2 Morphological changes of pressure-treated
erythrocytes

To examine the morphology of pressure-treated
erythrocytes using a light microscope, cell suspensions ex-
posed to a pressure of 200 MPa were put on the slide glass
and observed under atmospheric pressure (Fig. 2). Intact
erythrocytes in both human and cow were a biconcave disc
in cell shape (Fig. 2A and C). Upon exposure to a pressure
of 200 MPa, the shape of human erythrocytes was spherical
(Fig. 2B), but cow cells became elliptical (Fig. 2D). Here,
we were unable to observe the erythrocytes that were he-
molyzed by pressure of 200 MPa.

Furthermore, the membrane surface of pres-

PR

*

SRR
1% A

Fig.2 Light microscopy of pressure-treated erythrocytes.
Erythrocytes were exposed to a pressure of 200 MPa for 30 min
at 37°C. After decompression, the morphology of the cells was
observed using a light microscope. A, intact human cells (normal);
B, 200 MPa-treated human cells (magnification); C, intact cow
cells (normal) ; D, 200 MPa-treated cow cells (magnification).
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Fig.3 Scanning electron microscopy of pressure-treated
erythrocytes. Erythrocytes were exposed to a pressure of 200 MPa
for 30 min at 37°C. After decompression, the morphology of the
cells was observed using a SEM.

A, intact human cells; B, 200 MPa-treated human cells; C, intact
cow cells; D, 200 MPa-treated cow cells.

sure-treated erythrocytes was examined in detail by a SEM
(Fig. 3). Upon exposure to a pressure of 200 MPa, the
shape of human erythrocytes changed from biconcave disc
to spherical form (Fig. 3A and B). In addition, it was found
that various sizes of vesicles are formed on the surface of
the erythrocyte membrane (Fig. 3B). On the other hand,
cow erythrocytes transformed from normal discoidal shape
to elliptical form by pressure (Fig. 3C and D). Interestingly,
no such membrane vesicles as seen in human erythrocytes

were observed in this case (Fig. 3D).

3. 3 Analysis of phospholipids in cow erythrocyte
membranes by MALDI-TOF MS

To understand the properties of pressure-induced
hemolysis in cow erythrocytes, we paid attention to the

membrane phospholipid composition. So, using MAL-

— SM (703)
Cow

PC (758) — || —PC (760)

Human BC (135’

Peak intensity

™ (703) I
1! fl‘; | "1 ,
. J.—"v.lfv A D) L‘ ) l . . PM‘II'“ |‘,‘L&'.G:M\,ﬁ'fkf‘“!"\,\-AM-\M\M
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m/z

Fig.4 MALDI-TOF mass spectra of erythrocyte membrane lipids.
Membrane lipids were extracted from erythrocytes by using a
mixed solvent of chloroform and methanol. 2, 5-DHB was used as
a matrix.
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DI-TOF MS we analyzed the membrane phospholipids of
human and cow erythrocytes (Fig. 4). In human erythro-
cyte membranes, major PC peaks at m / z 758, 760, and
786 correspond to protonated 16:0-18:2, 16:0-18:1, and
18:1-18:1PCs, respectively [7]. On the other hand, in cow
erythrocyte membranes SM peaks at m / z 703, 813, and
815 correspond to protonated 16:0, 24:1, and 24:0 amides,
respectively [7]. Interestingly, PC peaks, PC (758) and PC
(760), seen in human erythrocyte membranes were absent
in cow red cell membranes, where SMs were dominant

phospholipids.

3. 4 Stability at 200 MPa of vesicles prepared from
erythrocyte membrane lipids

Membrane protein-free vesicles were prepared using
lipids extracted from erythrocyte membranes of human and
cow. Such lipid vesicles were suspended in the buffer and
exposed to a pressure of 200 MPa. After the decompres-
sion, vesicle size was measured using a flow cytometer. As
shown in Fig. 5, the vesicle size in lipid vesicles prepared
from both erythrocytes remained constant before or after
compression. This suggests that these vesicles are stable

against the pressure.

SINGLE PARGMETER SINGLE PARAHETER

| Human [ 1 cow
T % b — None
—None |
= | 2
3 el‘\'q [ W‘l l,— 200 MPa
O J —200MPa) 7| A"
Q“'WAH L I%“me " o gt M‘“‘M\m.u

< sl
f

1 T a0 Taen : 2 i s

Forward scatter ——

Fig.5 Flow cytometry of pressure-treated lipid vesicles. Vesicles
were prepared using human or cow erythrocyte membrane lipids.
Prepared vesicles (none) were exposed to a pressure of 200 MPa
for 30 min at 37°C.
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Fig.6 Detachment of cytoskeletal proteins from the erythrocyte
membrane. A, SDS-PAGE of erythrocyte membrane proteins.
B, detachment of cytoskeletal proteins from the membrane. To
extract cytoskeleton from the membrane, ghost suspensions in
5P8 were incubated for 30 min at 37°C and centrifuged. The
supernatants were used for SDS-PAGE and determination of
protein concentration. Values are means + SD for three independent
experiments. *P < 0.02 vs. Human (Student’s #-test).

3. 5 Tight association of cytoskeleton with lipid bilayer
in cow erythrocyte membranes

The stability of erythrocyte membranes is affected
by the bilayer-cytoskeleton interaction [3]. The membrane
proteins of human and cow erythrocytes were analyzed by
SDS-PAGE (Fig. 6A). There was no difference in human
and cow membrane proteins. Moreover, the interaction
between bilayer and cytoskeleton in the erythrocyte mem-
brane was examined using hypotonic buffer at 37°C. De-
tachment of cytoskeletal proteins such as spectrin and actin
from the membrane was greatly suppressed in cow erythro-
cytes than human cells (Fig. 6A and B). This suggests the
tight association of bilayer with cytoskeleton in the cow

erythrocyte membrane.
4. Discussion

In the present work, we have demonstrated that
lipid vesicles prepared from human and cow erythrocyte
membranes are stable on their size under a pressure of 200
MPa. Here, such vesicle membranes contain cholesterol
within lipid bilayer [7]. Moreover, the morphology of giant
vesicles composed of egg yolk PC is reported in the pres-
ence or absence of cholesterol under a pressure of 285 MPa
[26]. The shape of cholesterol-containing vesicles remains
spherical under pressure, whereas the cholesterol-free
vesicles change from the spherical form to budding form
during pressure release [26]. These data suggest that the
cholesterol-containing vesicles are stable against pressure
of 200 MPa. Therefore, the different responses, as seen in
hemolysis and morphology, to pressure of human and cow
erythrocytes are unable to explain on the basis of properties
of lipids only.

The morphology of erythrocytes changes under
various conditions. For instance, sickle cells that look like
a crescent shape are due to the formation of insoluble fibers
of hemoglobin S in deoxygenated state [27]. Additionally,
the erythrocyte functions as an osmometer since the cell
swells in hypotonic medium and shrinks in hypertonic con-
ditions [28]. Interestingly, the morphology of the erythro-
cyte is also controlled by the two interactions that are acted
on the membrane [5]. One is vertical interactions in which
transmembrane proteins such as band 3 and glycophorin C
in the lipid bilayer are linked to cytoskeletal proteins such
as spectrin via anchor proteins [3, 29]. Dysfunction or de-
ficiency of proteins that are associated with these vertical
interactions induces the vesiculation so that the surface
area-to volume ratio of the cell is reduced [5, 30]. As seen

in HS, such cells are spherical in shape and are extremely
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fragile against hypotonic stress [30]. The other is horizontal
interactions between spectrin dimers to form the spectrin
tetramer [29, 30] or between components of the spectrin-ac-
tin-protein 4.1R ternary complex [3]. Thus, HE is induced
by abnormal horizontal interactions due to the dysfunction
and deficiency of cytoskeletal proteins and the resulting
cell shape is elliptical [4, 5, 30]. In the extraction of cyto-
skeleton from the bilayer under hypotonic conditions, cow
erythrocyte membrane is more stable than human cells.
This indicates the tight linkage between the bilayer and
cytoskeleton in the cow erythrocytes, compared to human
cells. Therefore, the elliptical shape in 200 MPa-treated
cow erythrocytes suggests the perturbation of horizontal
interactions rather than vertical interactions by pressure.

In conclusion, the morphological changes of eryth-
rocytes are induced by dysfunction or deficiency of mem-
brane proteins, as seen in red cell disorders. Similar shape
changes in red blood cells are observed by pressure. Upon
exposure to pressure, human red blood cells changed from
the biconcave disc to spherical shape, whereas cow cells
exhibited the elliptical shape. In human erythrocytes, per-
haps, vertical interactions between the bilayer and cytoskel-
eton are affected by pressure, whereas in cow cells, hori-
zontal interactions between cytoskeletal proteins are greatly
perturbed. Further study is necessary for the perturbation

mechanism of membrane protein interactions by pressure.
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Flying hymenopteran insects observed in the fields of Fukuoka University
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Abstract

Flying hymenopteran insects in Fukuoka University were collected, and the number of species was

documented by family and genus, excepting for small parasitic wasp, and ant (Formicidae). Additionally, the species
listed on the RDB category were identified. In total, 80 species of hymenopteran insects belonging to 14 families and
43 genera were found on the campus. Among these, living and nesting 5 species listed on RDB, which are vulnerable

to environmental changes with anthropogenic activities, were confirmed.

Keywords: bee, hornet, wasp, red data book

1. EC®HIC

IYNFRTV EVoNFHIZEBLTWSER
fH, MR CIIR 13 HfE, HARTIEA 4,200 &5 535
BENTWB (1], TN FHIZET D% L 13,
+r, Ko, 7fE, EYMosiEE: - R, s
CTHEEA GGTICER T 2, NFO XA, HEME
PR L UEREETNICIEH L, FOME & 2EILH,
HDLVIFFDITE o TERRRGZ HALHSR,

NF OIFFEHPIZE OO K S s, EEEERIZDH
X2M, SLTEVWHDOTIELEW, HlzIE, NFAF
HOHEE AR, I YANFO XD wikatiE ik
R T-14 km IZHHRZ EPHES R TVEH, NF
HOZVv—7Tx D)%< O 5O T2 HmMERE
T, BLXZ600mIZETH S 24, NFHERD
fEOBERE S, REIWEE LATET 2R EEE S
2L, HIITB U 2NF DEE, Tb TN F Ol
WL, BTN ZREZETh>TH, KSuEEs
ZILHDEEZLNDL, LLLUML, EEMEOH
ML RAENERS LTV VI D % <, ABNTTE
BAE D BREEAMIC X D, /M, FEEHEs eI L

THhbN TV L HEEE D RV, HBIZB I 2N FHHD
ARBOBEHFEIL, O Lfills s ER ey
)2 CARARTHD EEZLND,

AR CIIERASEF v v S AN TERE S TR
ONFHEHRMBIZOWTER LTz, FBRES & &
Bovy FVXAbMVy RTF—2 7 v 7 %8RL, &
PECERE L IR DO D B H 7 TY — 1T
WT2EMNEENT VD EMERLT,

2. AEMBLUCRESE

2N T DB F AR ] B4R B T 3R DX AT i S 2 A R K
¥X v XN AOWMA (K 64ha) TIT o720 K¥x v
VS A XTI E £ M 75T d 0, R o
WAL LTW2, ¥+ Y 2O HITESEZ TS &
WZEL, v Y SAWNFILOEERER LT BT
LT oTWD, v Y XANIF LB IZH AN
frHE BB L T Y, HEE, EEMYE, English
Garden (ONT ), K&l I (O x 57z AH)
&, MiORA - BREMNEEL TV D,

WEE, REMPE, ~NIETIE, HEEYTH 5
N ITY E WS T2ARO BIRERIE & 13 B X 2 IREE T4

P Bl R PR AR M ER PR 2R T 814-0180 A b VA bl 77 3w [X L Fi#8-19-1
Department of Earth System Science, Faculty of Science, Fukuoka University Nanakuma 8-19-1, Jonan-ku, Fukuoka 814-0180
*Corresponding author: Aika Yamaguchi (e-mail: se190634@gmail.com), Shinya Hayashi (e-mail: s.hayashi@fukuoka-u.ac.jp)



Table 1 List of hymenopteran species captured in the campus: the numbers in brackets indicate the number of species by family and genus.

& WA ¥4
X7 VFTNF Polistes rothneyi
XRY TV FUNTF Polistes nipponensis
A a7 FINT Polistes snelleni

7Y FINFIE (6) N .
e 7u 7 FINT Polistes jokahamae
TREVT VT HNTF Polistes chinensis
Y< TV FINT Polistes japonicus
FFARXRANF Vespa mandarinia

. XA TXAXRANF Vespa simillima

AR RANTJE (4) ) R

A RARRAINTF Vespa analis
AR RANFEL(19) B ARAXANF Vespa ducalis

7R2FE FanNFIE(2)

X4 7 X4 RunNF
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Anterhynchium flavomarginatum

Anterhynchium melanopterum

Ny 2 U AFIE (1)

LEVY MY ZYNT

Eumenes rubronotatus

HNZE RFunNTFE (1) I R RaxNF Euodynerus nipanicus
TV MY RuanNFE (1) Y hY FanNF Orancistrocerus drewseni
ARNTFJE (1) A RINF Oreumenes decoratus

HNT FunNFE (1)

FIANT Funs

Pararrhynchium ornatum

FERuNFE ()

HER7aFERaNF

Stenodynerus chinensis

78 AXANTJE (1)
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Vespula flaviceps

NFEYNFEL(16)
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XXX ) NTF

7 ANF Y NF
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AIANF Y INF
AIVANFYNF
W IVIINF Y INF
AyunFx Y NF

i

Yy

Megachile sculpturalis

Megachile kobensis

Megachile pseudomonticola
Megachile remota sakagamii
Megachile sudai

Megachile humilis

Megachile willughbiella sumizome
Megachile tsurugensis

Megachile disjunctiformis

NINFYNF Megachile nipponica
EXYYNFEYNF Megachile subalbuta
b XNF Y NF Megachile spissula
R FAZ NV NFNTF Coelioxys fenestrata
N Y NFNFIE (2) X
Y b TINFNTF Coelioxys yanonis
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Euaspis basalis
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Osmia excavata
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Lasioglossum mutilum
Lasioglossum baleicum
Lasioglossum occidens
Lasioglossum affine
Lasioglossum hoffmanni
Lasioglossum vulsum
Lasioglossum scitulum
Lasioglossum duplex
Lasioglossum exiliceps

Lasioglossum sp.
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Halictus aerarius

Halictus tsingtouensis
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Nomia incerta
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Sphecodes scabricollis




TRRIRE X v > AR B W TBIES WO N F BRR@EICOWT (UH - F13R - 40 —13—

7 ]

L -

A3V IVNF
=RV IVNF

SYNFE Q)

Apis mellifera

Apis cerana japonica
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Fig.1 Vitex sp. in campus. Due to the lack of influence of the sea winds, the plant bodies grow larger than those on the seaside (the left figure).
Capenter bees, Xylocopa appendiculata, visiting on Vitex sp (the right figure).
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Dyes for food and fabrics
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Abstract

In high school and university chemistry courses, students learn about the structure, reactions, and uses of
aromatic compounds in daily life in the field of “properties of organic compounds.” These courses highlight the effect
of functional groups on the properties of materials and the mutual relationship between the reactions and structures
of compounds. Herein, we focused on bleaching synthetic colorants using chlorine bleach. An experimental class
program was designed to evaluate dyeing and bleaching processes using three types of synthetic colorants that are
susceptible to bleaching. This experiment is suitable as a teaching material to make students aware that organic

compounds are decomposed by bleaching and disinfection.

By analyzing the patterns generated by thin layer chromatography (TLC), the progress of organic chemical
reactions and the polarity of compounds is compared. In this study, we develop an experimental program that
includes the synthesis of an azo dye and generation of dot matrix using the synthesized azo dye.

Keywords: introductory chemistry, hands-on learning, chlorine bleach, azo dyes, thin-layer chromatography

1. Introduction

Since ancient times, humans have enriched their
lives by dyeing thread and cloth using pigments obtained
from the flowers, leaves, and roots of plants, as well as
from animals such as insects and shellfish. In 1856, Wil-
liam Perkin of England developed a purple synthetic dye
(mauve), after which synthetic dyes rapidly became pop-
ular. Currently, the most widely used dyes are azo dyes.
In addition to washing with soap and synthetic detergents,
bleaching, which decomposes and removes stains and dirt
through oxidation-reduction reactions, is a typical way to
keep clothes and fabrics clean.

The development of teaching materials that focus on
bleaching an aqueous dye solution is not only effective for
visualizing the removal of stains using chemical methods,
but can also be used as a model for the decomposition of
organic matter through disinfection. Therefore, herein, we
introduce a student experiment involving visual changes
in which an aqueous solution of a synthetic colorant is
bleached using chlorine bleach [1].

In addition, azo compounds are synthesized through

the reaction of phenols and aromatic amines. Experiments

in which fabrics are dyed using synthesized azo compounds
are often practiced, but many of the azo compounds that
can be synthesized in the laboratory have yellowish colors,
making it difficult to distinguish between the compounds.
Therefore, we developed a new student experiment that
uses thin layer chromatography (TLC) to represent numbers

as a dot matrix [2].

2. Development of chemical experiment as
a teaching material to observe bleaching of
synthetic colorants by chlorine bleach

2.1 Determination of sodium hypochlorite contained in
chlorine bleach

First, we determined the molar concentration of an
aqueous sodium hypochlorite solution sold as a reagent [3].
In this titration, sodium hypochlorite and potassium iodide
are reacted in the presence of sulfuric acid to generate free
iodine.

NaClO +2KI+H,SO, = I, +K,SO,+NaCl+H,0 (1)
The produced iodine is then titrated with a sodium thiosul-
fate standard solution.

I, +2Na,S,0; — 2Nal +Na,S,0, (2)

After adding sodium hypochlorite aqueous solution
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(5 mL, using a whole pipette) into a 100 mL volumetric
flask, distilled water is added up to the marked line. A 10
mL sample of this aqueous solution is accurately measured
using a whole pipette, placed into a 200 mL Erlenmeyer
flask, and 90 mL of distilled water is added. Thereafter,
1.0 g of potassium iodide and 5.0 mL of 3.0 mol/L sulfuric
acid are added to this solution and mixed gently to generate
iodine. This solution is titrated with 0.100 mol/L sodium
thiosulfate standard solution. When the yellow color of the
solution becomes lighter, 5 drops of 0.5% starch solution
are added as an indicator, and the end point is marked by
the disappearance of the blue color. Each titration is per-
formed five times, and the average is used.

An experiment was conducted on the day of opening
the package of sodium hypochlorite aqueous solution (man-
ufactured by FUJIFILM Wako Pure Chemical Corporation),
where the concentration was 0.625 mol/L, which is within
the range of 0.5— 0.7 mol/L for commercially available
chlorine bleach. Note that the commercially available sodi-

um hypochlorite aqueous solution (chlorine bleach) tends to

HO SO3Na

change depending on the storage period and storage condi-
tions after manufacture; thus, immediate use after purchase

is recommended in student experiments.

2.2 Bleaching of synthetic colorants with chlorine bleach

The original color of food often changes due to
oxidation under air and decomposition by light and micro-
organisms. Therefore, synthetic colorants are added to pro-
cessed foods in order to maintain the original color of the
food or improve the coloring.

Synthetic colorants were discovered during the
development of dyes for dyeing textiles. Currently, twelve
compounds are approved as synthetic food colorants in
many countries [4]. All of these have either a carboxy group
(-COONa), sulfo group (-SO;Na), or phenolic hydroxy
(-ONa) functional group. Based on their skeleton, these
compounds are classified into azo type, which has an azo
group (-N=N-), xanthene type, triphenylmethane type, or
indigoid type (Figure 1).

Student experiments using these synthetic colorants

OH H,CcOo
NaO3S N=N N=N SOzNa
=
COONa
03Na NaOs

Red No.1 (Amaranth)

NaO;S
Br
NaOSS

SO3Na

Red No.102 (New Coccine)

CHZCHS CH,CH,

HyCH,C~ O ‘ "CH,CH,

O;Na
Red No.106 (Acid Red)

SO
SO;Na CH,CH,
Ho— /> cf@ N-CH:
ON CH,
EH,CH,

Green No.3 (Fast Green FCF)

;Na

(0]

SO3Na y
=1
H @)

Red No.3 (Erythrosme)

|
Red No.104 (Phloxine)

Red No.40 (Allura Red AC)

Red No.105 (Rose Bengal)

COONa

N= Nﬂ
/©/ HO N=N
NaO3S
N3033©/
O3Na

O;Na

Yellow No.4 (Tartrazine) Yellow No.5 (Sunset Yellow FCF)

SO;Na

CH,CH;,
LG
\QN —CH,
CH,CH,
OzNa

Blue No.!1 (Brilliant Blue FCF)

Blue No.2 (Indigo Carmine)

SO;Na

Fig.1 Synthetic colorants for food.
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include practicing the separation of synthetic colorants con-
tained in foods by thin layer chromatography [5] and dye-
ing of wool [6], as well as teaching materials on reaction
rates using bleach [7]. A route in which the hypochlorite ion
(ClO) attacks the carbon bonded to the azo group -N=N- in
a nucleophilic manner and cleaves it to produce a diazo-
nium ion has been assumed as one of the mechanisms by
which dyes with azo groups are bleached by chlorine bleach
[8]. Therefore, we observed the color change upon adding
a sodium hypochlorite aqueous solution to a synthetic col-
orant aqueous solution and evaluated the susceptibility to

bleaching. All experiments were conducted at 25 °C.

2.3 Bleaching of synthetic colorants with chlorine bleach

The synthetic colorant (10 mg; manufactured by To-
kyo Chemical Industry) was dissolved in water to make 1 L
solution. Thereafter, 10 mL of sodium hypochlorite aqueous
solution was measured and placed in a 100 mL volumetric
flask, and distilled water was added up to the marked line.

The diluted sodium hypochlorite aqueous solution
(5.0 mL) was placed a 10 mL beaker, into which 1.0 mL
of synthetic colorant aqueous solution was added, and the
color change was observed. At this time, as a reference,
mixed solution of 5.0 mL of distilled water and 1.0 mL of
an aqueous solution of the synthetic colorant were prepared
in advance, and both were observed side by side.

The results of the experiment are summarized in Ta-
ble 1. Red 102 and Blue 2 were immediately bleached after
dropping the bleach solution and became almost colorless
and transparent. Red 2, Red 40, Yellow 4, and Yellow 5 be-

came colorless and transparent within 3 min.

The experimental results of bleaching synthetic
colorants using sodium hypochlorite aqueous solution are
summarized in Table 2. Synthetic colorants with azo-based
and indigoid-based pigments are easily bleached, and it is
assumed that the corresponding functional groups are ox-
idized and decomposed by hypochlorite ions, causing the

color to disappear.

Table 2 Decomposition of synthetic colorants by chlorine bleach.

Name Molecular structure

Red 102 Azo type
Easily bleached Yellow 5

Blue 2 Indigoid type
Bleached, but slow | Red 2, 40 Az0 tvpe
color change Yellow 4 typ

Red 3, 104

; Xanthene type
Difficult to observe | Red 105, 106 P
bleachin:
£ glrg:nl 3 Triphenylmethane type

When an aqueous solution of synthetic colorant is
acidified with acetic acid and a polymeric compound with
amino groups or amide bonds, such as wool or polyamide,
is added to the solution, the dye binds to the polymer and
dyes the product. Therefore, we investigated the dyeing and
bleaching of multifiber fabrics using Red 102, Yellow 5,
and Blue 2, which are easily bleached with chlorine bleach.

An aqueous solution of the synthetic colorant (10
mL) was placed in a 50 mL beaker, and a multifiber fabric
(width 1 cm) was immersed using tweezers and soaked
thoroughly. Thereafter, 0. 5 mL of acetic acid was added

and allowed to stand for 10 min. Afterwards, the solution

Table 1 Bleaching characteristics with aqueous sodium hypochlorite solution.

( ©O indicates that the solution became colorless and transparent, © indicates that the color was slightly faded, and X

indicates that no change was observed)

Maximum absorption | Molar absorption Color change
Name wavelength coefficient
(nm) (L*mol™+cm™) |After 1 min|After 3 min

Red 2 521 1.85 x 10* ©) 00
Red 3 526 424 x 10* X X
Red 40 504 1.61 x 10* ©) 00
Red 102 506 1.44 x 10* @]@) 00
Red 104 538 2.72 x 10* X

Red 105 549 6.97 x 10* X

Red 106 565 532 x 10* X
Yellow 4 424 248 % 10* X 00
Yellow 5 481 2.86 % 10* X 00
Green 3 623 6.47 x 10* X

Blue 1 629 7.69 x 10* P

Blue 2 610 9.55 X 10° @) 00




was discarded, the cloth was washed with water, and the
dyeing process was observed. Subsequently, 10 mL of
aqueous sodium hypochlorite solution (diluted 10-fold) was
placed in a 50 mL beaker, the dyed cloth was immersed
using tweezers, and the beaker was covered with a watch
glass and allowed to stand for 10 min. Afterwards, the solu-
tion was discarded, the cloth was washed with water, and

the bleaching process was observed.

Polyester

1]
(7]
Q
Q
2
>

- Acetate
- Nylon
Cotton

Red
102 |
Yellow
5
Blue =

0 L ) ks

Fig.2 Dyeing and bleaching using multi-fiber woven fabric.
(Top: after dyeing, bottom: after bleaching)

The results of the experiment are shown in Figure
2, and although yellowing (due to the formation of chlora-
mines) was observed in silk and wool, it was confirmed that
bleaching was easier when silk fabric was dyed with Red
102. Blue 2 is sensitive to heat and light, and its aqueous
solution loses its blue color within a week even in the dark;
thus, this dye was judged to be unsuitable for student exper-

iments.

2.4 Student experiment
2.4.1 Dyeing and bleaching of silk fabric with synthetic
colorants

Through experiments, students will be made aware
that synthetic colorants are easily bleached. First, we dyed
a silk cloth (4 cm square) with Red 102 using the method
in Section 2.3. Thereafter, 10 mL of an aqueous solution of
chlorine bleach (10 times diluted) was poured into two 50
mL beakers. A silk cloth dyed red was dipped on one side
and a commercially available red cloth was immersed on
the other side with tweezers, covered with a watch glass,
allowed to stand for 7 min, then washed with water and the

color change was observed.

2.4.2 Bleaching of synthetic colorant aqueous solution
with chlorine bleach

To make effective use of the aqueous bleach solu-
tion used in the experiment and to enhance the presentation
effect, students will be asked to observe continuous color
changes.

First, 10 mL each of an aqueous solution of chlorine
bleach (10 times diluted), Red 102, Yellow 5, and Blue 2
was poured into four 50 mL beakers. Thereafter, the bleach
solution was added to the Red 102 solution the change to
almost colorless and transparent was observed. Next, by
sequentially adding the aqueous solution after the reaction
to the Yellow 5 and Blue 2 aqueous solutions, a continuous

color change can be observed.

2.5 Advanced demonstration experiment

Because the aqueous solution in Section 2.4.2 con-
tains unreacted sodium hypochlorite, the continuous color
change can be further highlighted by combining the reac-
tions performed in Section 2.3 (Figure 3).

Continuous Bleach Reaction of Hypochlorite

and lodine

Fig.3 Observation of continuous color changes.

First, when a potassium iodide aqueous solution
is added to the bleach solution after the reaction, iodine
is freed. After observing a deep purple color due to the
iodine-starch reaction, adding sodium thiosulfate aqueous
solution returns the solution to colorless and transparent [9].
The concentration and volume of the aqueous solution are

as follows:

Solution A

5% potassium iodide aqueous solution 20 mL

Solution B

0.5% starch aqueous solution 20 mL

Solution C

0.10 mol/L sodium thiosulfate aqueous solution 20 mL

The above aqueous solutions (solutions A-C) are
prepared and placed in different 100 mL beakers. The aque-
ous solution that was previously decolorized with the three
types of synthetic coloring aqueous solutions in Section
2.4.2 is poured into the beaker containing Solution A. If a

color change is observed, we sequentially transfer the liquid
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to beakers containing liquids B and C and observe the color
change in each. Observing continuous color changes like
this can also be used as ‘chemistry magic’ at science experi-

ment events for elementary and junior high school students.

3. Synthesis of azo dyes and generation of dot
matrix using thin-layer chromatography
3.1 Overview of the experiment

When aromatic amines are diazotized and sodium
salts of phenols are added, a coupling reaction proceeds
and azo dyes are produced (Scheme 1). Azo dyes generally
occur as yellow to red crystals. Various azo dyes can be
synthesized by combining multiple aromatic amines and

phenols.

HCI

NH, NaNO, NE
[::]/ _ cr

diazotization

NG OH
WN ©

coupling
Scheme 1 Synthesis of 1-phenylazo-2-naphthol.

Thin-layer chromatography (TLC) is a technique
for separating and purifying various substances using a thin
layer membrane made of silica gel (SiO,). When a sample
compound is adsorbed on the plate and the edge of the plate
is immersed in a solvent, capillary action causes the solvent
to travel through the silica gel layer and the compound on
the plate to travel as well. Therefore, when the experiment
is performed using a mixture of organic compounds, they

can be separated from each other.

Fig. 4 Diagram of experiment to express numbers on TLC plate.

In this learning program, we will conduct two ex-
periments: synthesis of azo dyes and separation of azo com-
pound mixtures using TLC. Part A involves the synthesis
of azo dyes. Students experience how various azo dyes can
be synthesized from prepared aromatic amines and phenols.
This experiment takes about 120 min. Part B is a fun exper-
iment in which we draw numbers like that in Figure 4 on
TLC plates using the synthesized azo dyes. It takes 30 min
to prepare the azo dye solution and 50 min to draw the three

numbers on the TLC plate.

3.2 Generation of dot matrix using thin-layer
chromatography

When a mixed solution of multiple dyes is separated
using TLC, multiple spots are lined up vertically. Here, we
use this to experiment to draw a pattern (dot matrix) that
looks like numbers. Figure 5 is a schematic of the process.
By using three types of azo dyes (A, B, and C) that move
different distances on the TLC plate, it is possible to draw
numbers from 0 to 9 on the plate. If five locations are spot-
ted on the TLC plate and elution is allowed to proceed, the
numbers will grow sideways. Thereafter, by rotating the
resulting TLC plate by 90° , the spots look like numbers.

Figure 6 shows how the numbers 0-9 appear on the
TLC plate. Four types of dye solutions, a—d, are required to
perform this experiment. The compositions of the dye solu-

tions a—d are shown in Table 3.

00000 00000

_________ 0 0
Lo o0 0-| Fooramp-i-
Fo-0-0-0 0~ 0o 0 0 0 [}
12345 [] 0 ] o 0 0
Lane Lo-Lo-e0-| Lo-eo_0 o

Fig. 5 Generation of dot matrix by TLC (the numbers appear
sideways).

o e e ] [T o [T e
e o @ 0 []
oo 0 0| Lo ______ L-0-0___0]
12345 B C A abcd
Lane Azo dyes Solution

Fig. 6 Expression of numbers 0-9 in dot matrix form.



Table 3 Composition of dye solutions required for the experiment.

Solution Composition
a A,B,C
b AB
c A
d B

3.3 Part A: Preparation of azo dyes

Experimental teaching materials for synthesizing
azo compounds from multiple aromatic amines and phenols
have also been developed to introduce students to combina-
torial chemistry [10]. The synthesized azo compounds are
of the three types shown in Figure 7. Although it is assumed
that each group will divide up their efforts in synthesizing
the compounds, it is also possible for instructors to prepare

the dyes in advance and carry out only Part B.

NO,

Fig. 7 Azo dyes to be synthesized.

The aromatic amines (2.0 X 10 ~° mol) are added
to a 50 mL glass vial, then 4.0 mL of 2.0 mol/L hydro-
chloric acid is added and the glass vial is immersed in an
ice-water bath and stirred with a magnetic stirrer. After 5
min, 2.0 mL of 1.0 mol/L sodium nitrite aqueous solution
is added dropwise and stirred for an additional 5 min in an
ice-bath to proceed with diazotization. An ice-cooled solu-
tion is also prepared by mixing 2.0 X 10 * mol phenol and

4.0 mL of 2.0 mol/L sodium hydroxide aqueous solution in

a 20 mL beaker.

The aqueous solution of sodium phenoxide is slow-
ly added to the solution in the glass vial. The solution then
turns yellow to reddish brown and a precipitate forms. Cold
water 20 mL is added to this solution and stirred for 5 min.

Approximately 150 mL of distilled water is added
to a 300 mL beaker. The reaction mixture is poured into this
beaker and then filtered. A total of 50 mL of distilled water
is used to wash the precipitated product in the funnel, the
filter paper is placed on a paper towel to absorb water, and
the product is then dried at room temperature for 24 h. Ta-
ble 4 shows the crude yield of each compound. When draw-
ing the dot matrices, satisfactory results can be obtained
using the crude products.

Table 4 Yield of azo dyes used to produce dot ma-
trix using TLC.

3.4 Part B: Generation of dot matrix

The four types of dye solutions will be shared with
group members, but each person will conduct experiments
using TLC. Before the experiment, we instruct the students
to think about the three numbers they want to draw on the
TLC plate and think about which dye solution to spot on
Lanes 1 to 5.

First, we prepare four types of dye solutions a—d for
use in the TLC demonstration. As shown in Table 3, 10 mg
of each dye is weighed and placed in a 10 mL glass vial; 5
mL of acetone is added to dissolve the dye. Instructors can
also prepare four types of solutions in advance and perform
just the TLC demonstration.

Next, we select the number to be drawn in the dot
matrix and spot the solution at the origin of Lane 1 to Lane
5, respectively, referring to Figure. 6. When spotting, a
hematocrit capillary tube is used so that the diameter of the
spot is approximately 5 mm. Even if the spot becomes large

and overlaps with neighboring spots, the experimental re-

Table 4 Yield of azo dyes used to produce dot matrix using TLC.

e

OH

OH
’ /©/
Cl

A (Sudanl)
402 mg, 81%
R;=0.58"

B C
357 mg, 69% 353 mg, 64%
R;=0.19 R;=0.48"

* R, values were calculated for the selected dyes after developing in hexane:acetone = 5:1
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sults will not be significantly affected.

The TLC plate is placed in a 100 mL beaker con-
taining 2 mL of the demonstration solvent (hexane : ace-
tone = 5:1), covered with a watch glass, and observed for
approximately 5 min, with the demonstration ending when
the solvent rises to roughly 5 mm from the top of the TLC
plate. The same experiment is repeated with the remaining
two TLC plates to generate different numbers using the dot

matrix. The experiment is shown in Figure 8.

Fig. 8 Generation of Dot Matrix using TLC.

In 1994, Reynolds and Comber reported a novel
demonstration of drawing the alphabet with a dot matrix
using a solution prepared by combining seven kinds of dyes
[11]. Since the dyes employed in their experiment were
bright in color, this strongly indicated that TLC can be used

for the separation and purification of organic compounds.

T T T T T
e @ & ' @ ! ! e &
1 1 I 1 1 1
1 e | (. 1 l® 1
1 ] I 1 1 I
1 = | = ' | ® '
1 1 ] 1 1 1
1 = | @ I | ® 1
1 1 1 ] 1 |
1 * 1 l--q 1 -q
1 L L L 1 L
T T T T T I
:-- : :. - :--dl
1
e o | @ ] l® I
1 | I [ ! |
@ - 1 e 1 l® @ @
1 ] I [ ! I
| ® - | ® | ® I
oo 1| |1 e e o o
1 L | 1 L L

Fig. 9 Generation of Alphabet using TLC.

We can also use this to display several alphabet
letters, as shown in Figure 9. At this time, it is appropriate
to have students consider how many types of dye solutions
should be prepared and which solution should be spotted on

each lane as a topic for the report.
4. Conclusion

In high school and university chemistry, students
learn about the structure, properties, and reactions of
aromatic compounds in the “Properties of Organic Com-
pounds” unit [12]. The properties characterized by function-
al groups and the interrelationships of compounds are dealt
with in relation to the reactions and structures.

We introduced some surprising experiments regard-

ing dyeing, bleaching, and the properties of azo compounds.
It is hoped that through these experiments, students will be
able to deepen their understanding of the basic concepts of
chemistry and develop an attitude of scientific inquiry. Stu-
dents can also write reports and give presentations in class,
and the experiment is considered an appropriate teaching

material for developing thinking and expressive skills.
Hazards

The students and instructors should wear lab coats,
safety goggles, and suitable gloves during the preparation
and demonstration. Chlorine bleach and Azo dye solutions
are considered irritants upon inhalation, ingestion, skin con-
tact, and eye contact. Organic solvent may cause drowsiness
or dizziness. The demonstration should not be performed
near open flames or ignition sources. In the event of skin
contact, the affected area should be washed thoroughly with
soap and water. Recent (material) safety data sheets should
be reviewed. Since the organic solvents tends to evaporate,
development of the TLC was performed under a fume hood.
After the experiment, the solvent should be disposed of in

an organic waste container.
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Abstract

Xanthylium salt represents one of the most fundamental classes of molecules in the field of organic chemistry.
The chemistry of xanthylium salts in particular has received much attention, as they not only represent fascinating
synthetic building blocks for new compounds, but potentially also offer promise in functional devices, such as
organic electronic devices, dyes or sensors. On the other hand, several papers have been published on the synthesis
of thio- or selenoxanthylium salts, and some of these compounds have known to be present among bioimaging
molecules. In contrast to the chemistry of xanthylium salts, study on the synthetic investigations of thioxanthylium
salts as well as its selenium congeners still remain limited. As far as superior properties of organic devices based on
xanthylium salts are concerned, thio- and selenoxanthylium salts are promising candidates for molecular electronics.
Disclosing their properties is extremely fascinating from the viewpoint of not only fundamental chemistry but also
developing molecular electronics or new building blocks containing sulfur or selenium heterocycles. Herein, this
review is described recent synthetic studies on the chemistry of thioxanthylium salts.

Keywords: Thioxanthylium salts, Friedel — Crafts reaction, UV-vis absorption spectroscopy, NMR spectroscopy
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%T@?ﬁ%#/?U?AW@Aﬁ§M¢®3oé
KRBT FETH % (Scheme 1). TIF9H- FF X
b9-FvEFEEE LTHAL, ﬁﬂ$:Wﬁ%LE,
FlefitsFA ) VY LEHRALEL HiETH D, N

+ X
E
I N
90%
E = O; xanthylium salt

E = S; thioxanthylium salt
E = Se; selenoxanthylium salt

Fig.d X% > F V) v L6 L 7 OEEYEREOREE

REERW B BELFIETHL. REL, V7 ) —
WA R VFHERD LB CEH S €, BLRISE F
F Y VY AERIER T — 2T O HIETH 5 [23].
HWCFRE B D, B 2 BBETH 5. Ktk

/7)—wxw74bﬁ’x%ﬁ&&éﬁ%%ﬁ%é
W, BIREREED T HETH 2 24]. RN LH
BATIZY 7 V) — VANV T ¢ REEICEY) 2@ HE AT
X0, RIAEOHIESBETIEID 225, SiELHFE

B AEAEC AR 814 — 0180 18 M T Rg X L PES-19-1
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Scheme 1 F X9 > F ) v A ORBEARIE

AT, G I NIMEzEexyrFY v
MREOEHEEZ £ LT,

2. SFY—WARIVT 4 FEBIELTIVOR
M EBDFAFYUFUILEBEOER

20184E, HIFRS X7V — Vv A VT 4 F 1 LN
¥ V' A V% B\ 7z Friedel-Crafts & 12 & 2 #H 8l 2c F
TV F VYL 2-4 DERKEHE LTz (Scheme 2)
[25-26]. TV —NVANVT 4 FOFFBHRBEIZA x5
ZHYNICHEST 2 2 LT, MboEREERED, i
DFAXHVF VY LEHETERT 2ENTUGTH
%, ZOMXTEARLI:FAXVvF I v LalEE
V Ry 7 2 e UTHWT, Diels-Alder SUG % 56
LTBY, FAxFvF Vv LIEEHHE LI GA
WEREH T2 Z EITHHEIILTWVWD,

4+ TO
OMe ACOCl MeO N OMe
90e
c:|c sHe
MeO Ar OMe
= 2-CF3CgHj (2), 4-MeOCgHy (3), CeHs (4)

Scheme 2 {t.&4) 2-4 DA

3. FARIIUA I FFERFRLEBFEEKERIL
IKEBORIBIZEBZFAXH>F U DLIE
DERR

2023 4, FIFLIIN-F AR v A4 3 RIFEMKS
EFBRIERNKEIHE O THAZBRF A XY v F
VU LHEARITHYI LTz (Scheme 3) [27]. f8{HEIZA
FTE 2 HHEBRRMOKEZIGERE LTHY, &
R B L ERBEE L G TS W ITENT SIS
TH5. ALEWS DA ¥4 I FERALIERRMESAMET
R s Ll s, FERBEMAMEORIGIZE Y YT
V= NVFF =T UDBHETLEEZLND, Bl &k
&, 4T W Friedel-Crafts IS I2 X D ER %52 %
EFHEND, ZOHFEIZE D ZnF THRSEEE
Tho I THEEEE T 2 HEEMHAE 6-11 235 K
TE25 X)L o7 (Chart 1),

_ToH
CF3 ,CHOH
6-11

Scheme3 F A XHvF Vv LM 6-11 DEK

TO

) TfO
.,.
MeO. + Me
O I O O
MeO' MeO’
Me

Chart1 2 %% F V) v L3 6-11 D4 T

4, EHEMICANVINVEEESTEZFAT—F
VODFREICLEZFFIFHUFUIA
BOER
FHLFAXY VTV Y LEARETI BT,
FEGERKEHOBEEZFE L. Lz~ 2
L, ANVINEEDBOI T 2= VX R VITVA AED
LIFET VY ATy FBREZERSE, 7Y b TR vNn
BRTE 2 Z EBME SN TV [28-30]. ZDHHk
V7o VF AT TN SEET L XYV
FVYLBREER TS 3 5 LT (Scheme 4).

i A l Branstedaud ' ' ‘
Lewis or X~
S Brgnsted acid st
 — O
O 94®

Scheme 4 F 4 XV F ) v LM OH A BRI

OH %
1) n-BuLiTMEDA ><:
2) DMF OH O ©

CHO

sH 3) HCl solution SH TsOH SH
O/ toluene
+Bu tBu reflux, 15h ¢ g ;

12 (91%) 13 (67%)

JO S
t-Bu O. (o]

Cu,0 CF43COOH CHO

S —_— s
\©\ CHyCly/H,0 \©\
t-Bu t-Bu m16h +Bu +Bu
14 (65%)

15 (quant.)

—_—
2,4,6-trimethylpyridine
140 °C,23 h

SchemeS Y7V —)VFFT—7F)V15DEK



MELEZOXV VY 2T 2 kO RER (i) —27—

ZIZCEHEMICANVINVEEET YT Y —vF S
T—FNEHEL, BILRISIZE 27 ALY VY LE
WIER 2R T2 Z Lz Lz, D tert- 7 F v
YEYFF—nvEYFAL, NN-Y X F VKRV L
7 I FREHSE RNV I VEEZEA LT (Scheme 5).
ANV INVEERREL, WHHEEET, ter- 7F v 70
ERVEVED YTV ITTLZETILAET 14 N &
HE LT, PUR#EST 2z LM AV I VEEE S
T5FAT—T VIS5 B157. L&MW IS IV A ABL
LT In(OT), Z/E S w72 L 2 AT EENIZHE
7L, BHOF AV Vv LE16 248K T 22 LI
A L7z (Scheme 6). v I VIO Pl & 25
LRIGHFRE L F 2, 7 & X — /v 1412 TfOH % =i
TEMSET7:E 25, ZRHTRIGIEA & —XITHEST
LFAEY )y aifile ERWNICE 27, FHLT:
DFWECSUGIET L, YRV Y FF ) )7L
EEKTE D Z LMWL ITE 572 [31,32].

In( 0Tf)3

15
CICHZCHZCI
120°C, 24 h tBu
in a sealed tube 16 (quant.)

TfOH
14 — > 16 (quant.)
(CF3),CHOH
t,2h

Scheme 6 F 4 XV 5 ) 7 LM 16 DA

FIT Z O FUG O HIPH 2 MR S 2 T- D ITHE O #
LbF A —TFNVEHEEHL, 205600 FRRLK
J& %R ES L 72 (Chart 2 8 & OF Scheme 7). Chart 2 12
FARERIICET L RIS TEL T F A ) VY
MEERLTWS, WINORIETDH ST 2 K
WIZEWIERTERM 2522 2L PP L2 IT T o
7z. Scheme 7 12X RO ERY # 5 2 1: KOS % /R
L7z, MREREESLRETT 2000, BIWKIGIE
KBTS 22 LWL o7, 2h0DOFERDy
b, WV INEEEBIEEAICEE Lt F 4= — T ViEE

CHO
/©/s\©/ e TiOH
CH cl
t-Bu XS

28

CHO

£Bu CHZCIZ

31

_ToH
\‘:- CHZCIZ

HOTVYAT Y FiRD LI NVA ABRIZE DS
NDBRACSUSIZ X D FHEBHMER T A XV v F V) v o
TARTE 5 2 & VERII ’éﬂﬁ‘éﬂk.

+ +
\ @ ”
Me

17 (quant.) 18 (98%) 19 (81%)
TO TfO S
9) ot o] ot ome TO oF
SYON
tBu X OMe t-Bu X X
20 (92%) 21 (89%) OMe 2 (83%)
TIO TfO
sZ cl sZ ‘
99® ’ @ O I
t-Bu/‘;/\,/ t-Bu X t-Bu X
23 (96%) CI
4 (98%) 5 (83%)

s LI T

»

26 (86%) 7 (73%)

Chart2 FA X% F ) v L1727 O4 T

t-Bu

O FHEE ORERIZASTE NMR, BER-JTCEIIT T -
7o, BT, FEMARREE & HOES S X ARG °fT o 72,
Ambtﬁﬂ%jtuuvAﬁw B EETHET S

DI TN A R 7 v vOREZFT - 12, fbh
%wﬂaﬁiﬁﬂ@yﬂnnx5yﬁﬁ®zﬂib
NMIZB W TEREFRTIPGT 0K, Z 421530,
701 B &£ 693 nm TH D, & FEIERSEHREA
FRHIEEIL TV ZENHL IR o7, S5,
RIGS 2 RIWKENMLEMTHLT7 v TRy (M=357
mm) F7 vy (A=550nm) OZFN5 LT
2L, FAXYUFV YV LEHEMAAND Z L TH
FERRINEEOREREY 7 IS L, i
B3 EMRER T SERANICE IS Z &Tmﬁm
WiE & RF 2p WIBEDOHL D 2/NE < %D, HOMO #
LD LFE L LUMO MO TR Z o7z L E 2L
5.

S £Bu S

86% isolated yield
29:30 = 88:12

C' ‘ ’
X t-Bu X

33 ¢l
79% isolated yield
32:33=76:24

73% |solated yield
19

Scheme7 F 4 X9 F Y v LK 29-36 DA



5. FIRLGEFAT7zvEEFAECY VY LE
DER

IR D & D ITHHF A 25> F V) ¥ ABRIERKIE A3
WL U T:7:®, F47 = v affilRaREor0FL
HEOEKHAAT. 2-BLF3-TuEXRVYYF I 7 =
VITBVIIETIE T, 4-tert- TFNRYEYFF— V%
S F A= —F VEE 37T BX 39 247 (Scheme
8). JIZ, WA AL LTHAXEZHW, YZ7uun
AFNVAFNE—=TNVERIGERT:EZ 5, LAWY
37T CRF|W|WTEZ ITISITHETL, T dF4E
U VY LM 38 H RIFLINETEKT 2 Z LTI L

X 39 ORIGHEDE WF & 7 = VERITA NV I kI
YT 2 UGHHET L, Sl&fitSaffoNvErviRs
BLIIG T 2 2L TFA ) ) 7 A BB EZTER TS
LZZEDBHLEPIIL ST, FAT7 2 VERF ALY Y
v ALEMOAERICERA TR TH L LEZLND
[33].

RiZ, DFWIEBROFZ ) VY ABREMEEL T2
FEUEROAKIC ORI LT, YT oeFL T v E
HWRWEIZLT, dtert- TFNVRVYEYF A=V ED
By PV IRINERL, ZHEOCAFL T —T
VAl B X F43 2B L 72 (Scheme 9). ThH DY
70uXFNRF VT =T FLA X DHTHERL

.=, FAZ—F 39 DEEITIE, BETHIE FIGEAT 1208, B FHN—2DF 4= —F VIHildF
é&é&3ﬁk$w:w%#§léﬂt%§%ﬁ%% FEY VY LBRICEWAGECTH 572205, dI—HDF
SNz, vrZuu AR UL LR LER TR F T —FNVE~OBHIFE L, T/ FFEY VY
BEELE, WMETHFAEY VY LK 40 255IER MERBLTCMEE 2T, ZHFFTFHIZT LY
THLNT, 2FD IORIGIE, FAZ—TNV3TB VY LBEPIEREND &, MATDEF A7 = VLD

0.5[SnClg]>~
Br  4(t| Bu)CGH4SH CI,CHOCH +
O e O Dt OO
S 2 4,6- mmethylpyrldme CH,Cl, - =
7 (70%) i, 24 h 38 (94%)
Bu 0.5[SnClg]>~
: \ tBu CGH4SH /@/ C|2(§§840H3
g7 Br 24, 6 -trimethylpyridine : [ ) =S CICHZCHZCI
150 °C,29'h reflux, 66 h
9 (79%) 0 (89%)
Scheme 8 HHF F 7 = VEERF A X > F UV v LM 38 B X F 40 DL
0. 5[SnC|6]2
Br, Br 4-(t-Bu) CGHASH
g G e B . Do g Fﬁﬂ o
S 2,4,6-trimethylpyridine CICH,CH,CI
150 °C, 48 h 41 (75%) reflux, 24 h 2 (quant.)
4-(t Bu C6H4SH tB C|2CH0CH3 tBu osisnCiF ee
e Ty o LT D
S 2461t5n6nect:hylpynd|ne /O\ ?chirfcgzﬁ s /S \g
44 (60%)

43 (79%

Scheme 9 ¥#lF 4 7 = VHIRF A XV F VU LM 2 BX T4 OERK

4(t- Bu)CGHASH

S
Br—@—Br

2,4,6- tnmethylpyrldlne
150 °

45 (55%)
o 2Tf0~
In(OTf)3 or TFOH S, BU
—_— P // z
Cl,CHCHCI, t-Bu |
120 °C $7 s
in a sealed tube +

47 (84% for In(OTf)s, 24% for TFOH)

4-(t-Bu)CgH,SH
Br—\ N Br

48 (50%)

+
S, -
N 2TfO
t-Bu 7 O Z | t-Bu
N
ST
i

50 (66% for In(OTf)3, 69% for TFOH)

In(OTf)3 or TFOH
Cl,CHCHCI,

in a sealed tube

tlxjﬁﬁtl

tB
Cu,0 Q
S 2,4,6-trimethylpyridine
150 °C, 40 h

tBu CHO
Cl,CHOCH;
__snCly SO S,
CHZCIZ 5N S Q
OHC t-Bu

46 (26%)

Cl,CHOCH;
__sCly ® s
(:H2(:|2 Q

49 (78%)

Scheme 10 HHlF % 7 = VR F A XV v F Y v L 47 B X 750 DAL



MELEZOXV VY 2T 2 kO RER (i) —29-

Friedel-Crafts UGS #EfT LEE 02 2 L 2R LT HE
D, A—2FRNIBEHOFA ) VY LREEAT S
IIEE L 20 FRGTOTLRIKRD LN S,

FITRIZ, F2 ) FFT7=2vBLIIRYYVFF
7Y ERBIZILT, FAE) )Y LBROME RS
L7z (Scheme 10). WOy 7ueF= /) F47 =2
BLOYTuERYYVFE T2 v EFA—VED Y
TV L, WETDEERAFAFT—T V45 5 X (F48
FEB LT RIT, F4 7 = VML OBUE Rieche &
NWINMEEFTOR L I VK46 BL 49 2152 2 LA
TER, WL, VARBDLIBET VY RATy R
ERHOIAFNERLERET LTz, SR 2 WX
BTG TGS L7228, RGO HEFT IZEIHR Tl
Troiziz®, WEMGEIZAN, IE - n#Ls T
RIS sxizE 25, PRREONECRIG»EIT L 7.
FOSREW EWH LIV o F N — T VIEEAL &
MARROWEE O, HOSHEE - WEHZRE, &1E
NMR & & OB &R - RS CREERE 2TV,
HWOFA 72> —FAEY V)Y LMHRILAEY 4T B
LS50 THLZLEDBHL NI o TL,

Fig2 74XV > F Vv LB LMLERS

A1) 38,40,42, 44,47 B X PS50 DE7 L =1 )
NVIBTR®D 'HNMR TlE, §_XTORY X VEBRKEIF
8.86-7.82 ppm IS, FALCV VY AERAMD
KFE (K221 13 & ) ERGEE D 9.98-10.35 ppm
OB S T, 72, ALY ZuuXRY
TR D LA A R b vEWE LTI E 25, &
b B E DA 25 501-555 nm (2B S w7z, 4k
BETRIMEKRT B IconEREMICBIS iz, Z
NEDTEPL, BRLTFA 7 = ViERE T A Y
VY MEREEFEEEE T 2 LA TH L Z LS
Do Tz,

6. BbDHIC

K TIE, BIHRESWERELSTXI Y F I Y
MEOFREREL LD, FAXFYF ) T LIE
i, SIRNEERFEIFFRSATOLLoT:ZE%
B v oS 226, WEHOWZN SR B I1ksbn
T\, R4, WY L FakEr L ABES RV S A,
HEENTHEE D BEH S N TE T, 20X D RER 5
LY, FABIURV XV VF Y Y AEFEKD
MEMEEA B Z ETH VLIS 2 Lo HiFs
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6. The Central Research Institute Committee members will discuss matters pertaining to issuing the Reviews.

7. Faculty members of this university, hereafter including specially-appointed faculty members and visiting
professors of medicine, are eligible to make submissions to the Reviews. In the case of mul- tiple contributors,
provided that a faculty member of this university is the main contributor, no re- strictions apply to the sub-
contributors.

8. In exception to the provisions in the preceding article, any person who falls under any of the fol- lowing
categories may be allowed to make a submission. Persons who falls under the categories (4)to (7), need to receive
approval of submission from the concerned department.

(1) In the case that staff members (non-faculty), part-time teachers, clinical pathology residents, graduate students,
post-graduate researchers or foreign researchers of this university are the main contributor along with one or
more faculty members as sub-contributors.

(2) In the case that part-time teachers or foreign researchers of this university make individual sub- missions.

(3) In the case that graduate students and post-graduate researchers of this university individually submit doctoral
dissertations.

(4) In the case that retired faculty members of this university submit for publication the results of research
conducted while still a staff member, provided that submissions are received within six months after retirement.

(5) In the special case that outside contributors are requested to make submissions.

(6) In the case that emeritus professors make submissions.

(7) In the case that persons who fall under no category above but are recommended by the editing committee of
the relevant department.

9. In such cases as 7. and 8. above, non-faculty members should mention their affiliation, position and name on the
first page.

10. Copyrights belong to the authors. The authors bear responsibility for their contents.

11. Generally, publications will be made available in digital format for Internet access.

12. The maximum number of pages for each submission is 20 pages of A4 size including all charts, fig- ures and
photos. One page should have no more than 26 lines of 70 letters each.

13. These guidelines come into effect as of April 1, 2021.
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