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Showing TOF MS peaks of clCAT labeled samples with peak with light and heavy label pair
and peaks with out its pair (possible biomarker candidate). Even though the signal are of
good quality it could not be identified by the standard clCAT method of data processing

“(identify and quantify) .
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¥z b : Dulbecco's modified Eagle's medium
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with 10% fetal bovine serum.

A1 « Cells are harvested after 0.25%
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Abstract—Anthraquinones are typical photosensitizers used in photodynamic therapy (PDT). However, systemic toxicity is a major
problem for anthraquinones due to their ability not only to bind DNA but also to cause oxidative stress even without photoirra-
diation. To avoid such disadvantages in cancer therapy, we designed and synthesized a novel 9-nitroanthracene derivative (1) as a
precursor of anthraquinone. Under photoirradiation, 1 is converted into anthraquinone via generation of nitric oxide as confirmed
by ESR. Strong DNA cleavage specifically at guanine under photoirradiation was also observed, characteristic of DNA-cleaving

the systemic toxicity of anthraquinone.
© 2007 Published by Elsevier Ltd.

20 reactions by photoirradiated anthraquinones. We propose development of 1 as an alternative approach toward PDT that reduces

1. Introduction

Photodynamic therapy (PDT) is an attractive ap-
proach to selectively localize toxicity using photosen-
sitizers activated by light to induce cell death.!? A
large number of porphyrins have been tested for
their efficacy in PDT, photofrin and photosan are
currently in clinical use for PDT of lung cancer.®*
There is also considerable interest in understanding
the factors contributing to the photodynamic activity
of anthraquinones.>”’ The ability of some anthraqui-
none derivatives to form cytotoxic reactive oxygen
species (ROS) after illumination can result in effec-
tive ablation of targeted tissue. However, anthraqui-
nones often carry complications of systemic toxicity
as they tend to both bind DNA?®® and also cause

Keywords: Anthraquinone; 9-Nitroanthracene; Photodynamic therapy;

DNA cleavage.

* Corresponding author. Tel.: +81 3 3700 [141; fax: +81 3 3707
6950; e-mail: fukuhara@nihs.go.jp

0968-0896/$ - see front matter © 2007 Published by Elsevier Ltd.
doi:10.1016/).bmc.2007.03.029

oxidative stress even without photoirradiation.'?
Therefore, a prodrug of anthraquinone, which can
be converted into anthraquinone only under photoir-
radiation, is required to overcome these disadvan-
tages in cancer therapy. We have focused on the
mechanism of photochemical degradation of 9-nitro-
anthracene to form anthraquinone via generation of
nitric oxide (NO). A similar reaction is observed in
6-nitrobenzola]pyrene where the orientation of the
nitro group is perpendicular to the aromatic ring
due to the two protons located at the peri position,
a similar situation for the nitro group in 9-nitroan-
thracene.!'! For 6-nitrobenzo[a]pyrene, three isomers
of benzo[a]pyrenequinone are formed as a result of
photodecomposition. If 9-nitroanthracene is used as
a precursor of anthraquinone for PDT, complica-
tions of systemic toxicity can be avoided thereby
benefiting its use in therapy. In this communication,
we highlight a 9-nitroanthracene derivative (1) as a
precursor of anthraquinone, an effective photosensi-
tizer agent, and demonstrate its DNA cleaving activ-
ities under photoirradiation.

Please cite this article in press as: Fukuhara, K. et al., Bioorg. Med. Chem. (2007), doi:10.1016/j.bmc.2007.03.029
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2. Results and discussion

For the purpose of PDT, 1 was designed to have a di-
methyl aminoalkyl group at the 2-position of 9-nitroan-
thracene. This group should increase solubility and
DNA-binding affinity compared to 9-nitroanthracene it-
self. The synthesis of 1 and its isomer (2) with a nitro
group at the I-position is described in Scheme 1. 2-
Aminoanthracene was condensed with 4-dimethylamin-
obutylic acid to give the dimethylaminoalkyl derivative
at 87% yield. Nitration of the derivative with HNO; in
acetic anhydride proceeded at 1- and 9-positions to give
compounds 2 and 1 at 25% and 58% yields, respectively.

Comparing the stabilities of 1 and 2 under photoirradi-
ation, 1 was much more susceptible to decomposition
than 2, consistent with the fact that 1 is almost com-
pletely decomposed 3 hours later, while photodegrada-
tion of 2 is not observed under the same conditions as
shown in Figure la. Product analysis after photolysis
of 1 showed that anthraquinone derivative (AQ) was
formed at 77% yield, the structure of which was con-
firmed by '"H NMR and mass spectrometry. It is likely
that photolabile 1 releases NO in the course of anthra-
quinone formation. To assess the generation of NO
upon photoxrradlatxon an ESR experiment with
(MGD) Fe?* as the spin trap'? was performed. As
shown in Figure 1b, a three-line spectrum consistent of
=1.25mT and g"° =204, characteristic of the
[(MGD)z-Fe *-NOJ complex, was observed from phot-
oirradiated 1, indicating that degradation of photolabile
1is accompanied by generation of NO. In contrast, we
could barely observe a similar peak in the case of photo-
stable 2. These results show that 1 is a promising photo-
sensitizer that is converted into an AQ structure under
photoirradiation via a NO-releasing mechanism.

Photosensitizers are activated by light to induce cell
death or modulation of immunological cascades, pre-
sumably via formation of ROS. Therefore, the abilities
of 1 and 2 to cleave DNA were examined by agarose
gel electrophoresis of pBR322DNA. As shown in Figure
2a, no effect of 1 and 2 on DNA was observed in the
dark condition. When irradiation was performed for
30 min, 1 induced efficient strand cleavage as shown in
Figure 2b, and in the presence of 200 uM 1, almost all
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¢ 2 it
100 ;
§ f -«j!‘/l %
g 7 I
§ . Ly
£ 1
g 25 2
§ e N,
9 - v v 1

0 2 4 6 8 L

Irradiation time (hr) 2mT

Figure 1. Photodegradation of 1 and 2, and generation of NO. (a)
Remaining 1 and 2 after photodegradation. (b) ESR spectra of
(MGD)-Fe?* in the presence of 1 and 2 after photoirradiation for
6 min.
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Figure 2. Effects of 1 and 2 on supercoiled pBR322DNA in the dark
(a) or under photoirradiation (b).

of Form I (supercoiled) DNA was converted to Form
1I (closed circular) DNA. In contrast, although strand
scission by 2 was obviously observed, the DNA-cleaving
ability was not so strong compared with that of 1. The
strong DNA cleavage induced by 1 might be triggered
by a structural change in AQ under photoirradiation.
To confirm the generation of 'O, under photoirradia-
tion, ESR spectra were observed in the presence of
2,2,6 6-tetramethyl-4 plpendone (4-oxo-TEMP), a spin
trap for 0,. As shown in Figure 3, a three-line spectrum
consistent of @" = 1.60 mT, which is characteristic of 4-
oxo-TEMPO,!? was observed from both 1 and 2, indi-
cating generatlon of '0,. Importantly, the ability of 1
to generate 'O, as reflected in the peak height of 4-
oxo-TEMPO was stronger than that for 2, demonstrat-
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Scheme 1. Structures of 1 and 2, and their synthesis.
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Figure 3. ESR spectra of 4-oxo-TEMP in the presence of 1 and 2 after photoirradiation for 10 min.

ing the advantage of 1 in cleaving DNA after conversion
into AQ.

Photoexcited AQ (AQ?") is responsible for DNA dam-
age through electron transfer from the DNA base (T ype
I mechanism)'# or by generation of ROS such as 'O,
(Type II mechanism).!®> Both mechanisms would result
in DNA strand scission primarily at guanines. There-
fore, photocleavage experiments induced by 1 were also
performed with 5’-*?P-end labeled oligonucleotides to
test targeting of specific cleaving sites. As expected, irra-
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Figure 4. Sequence specificity of DNA damage in the pl6 tumor
suppressor gene, induced by 1 upon photoirradiation.

diation of DNA in the presence of 1 for 30 min and sub-
sequent treatment with piperidine revealed that strand
cleavage occurs predominantly at guanine, as shown in
Figure 4.

In summary, we have described the design and synthesis
of 1 as a precursor of anthraquinone, a typical photo-
sensitizer. Photochemical conversion of 1 into anthra-
quinone via generation of NO and specific DNA
cleavage at guanine were demonstrated, characteristic
of DNA-cleaving reactions of anthraquinones. A possi-
ble mechanism of oxidative DNA cleavage induced by
photoirradiated 1 is shown in Scheme 2. The perpendic-
ular conformation of the nitro group to the anthracene
is characteristic for 1 and is responsible for the ease of
NO generation which is followed by structural conver-
sion into anthraquinone.'® The great difference of NO-
generating activities between 1 and 2 is attributed to
the conformation of nitro group. That is, the perpendic-
ular conformation of nitro group in 1 suggests that the
overlap of half-vacant nonbonding orbital of the nitro
group with the adjacent orbital of the aromatic ring in-
creases susceptibility to intramolecular rearrangement
from nitro to nitrite. In comparison, such rearrangement
does not occur in the case of 2 where the conformation
of nitro group is not perpendicular (data not shown).
There are a number of nitro polycyclic aromatic hydro-
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Scheme 2. Possible mechanism of oxidative DNA damage induced by photoirradiated 1.
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carbons (nitroPAHs) showing mutagenicity and/or car-
cinogenicity. However, no such toxicity has been shown
by 9-nitroanthracene because the nitro group at 9-posi-
tion is insensitive to enzymatic reduction, essential for
the toxicity of nitroPAH.!7 Interestingly, two peri pro-
tons at the 1- and 8-positions, which lead to a perpendic-
ular conformation of the nitro group, impede access of
reductase to 9-nitroanthracene.!”-'® Finally, 1 might be
favorable for PDT as an approach to reducing the sys-
temic toxicity of anthraquinone. Further investigation
to understand the mechanism of DNA cleaving activity
and apoptotic cell death induced by 1 is underway and
will be reported in due course.

3. Experimental
3.1. General methods

The reagents and solvents used were of commercial ori-
gin (Wako chemicals, Sigma, Aldrich) and were em-
ployed without further purification. The progress of all
reactions was monitored by thin-layer chromatography
on silica gel 60 Fys4 (0.25 mm, Merck). Column chroma-
tography was performed on silica gel 60 (0.063-
0.200 mm, Merck). The "H NMR spectra were recorded
with a Varian AS 400 Mercury spectrometer. Chemical
shifts were expressed in ppm downfield shift from
Me,Si. High resolution mass spectra were obtained on
a JEOL MS700 mass spectrometer. ESR spectra were
obtained with a JEOL X-band spectrometer (JES-
FA100) under nonsaturating microwave power
conditions.

3.2. Synthesis of N-(anthracen-2-yl)-4-(dimethylami-
no)butanamide (3) ,

To a solution of 2-aminoanthracene (580 mg, 3 mmol)
and N-methylmorpholine (303 mg, 3 mmol) in DMF
(10ml) were added 4-(dimethylamino)butyric acid
hydrochloride (503 mg, 3 mmol) and N-methylmorpho-
line (303 mg, 3 mmol) in DMF (10 ml) at 0 °C and the
mixture was stirred for 18 h. After removal of the sol-
vent in vacuo, the residue was dissolved. in CH,Cl,
and filtered. The filtrate was washed with saturated
NadCl, dried over anhydrous Na,SOy, and concentrated
in vacuo. The residue was purified by silica gel column
chromatography (CH,Cl,/MeOH/Satd NH; in MeOH,
100:20:1) to afford the title compound (796 mg, 87%)
as a white solid. '"HMR (CDCl;, 400 MHz) & 1.95
(2H, m), 2.40 (6H, s), 2.54 (2H, m), 2.61 (2H, m), 7.38
(1H, d, J=9.2Hz), 7.43 (2H, m), 7.94 (1H, d,
J=88Hz), 795 (IH, d, J=7.6Hz), 7.96 (IH, d,
J=9.2Hz), 8.34 (1H, s), 8.35 (1H, s), 8.47 (1H, s),
10.11(1H, br); HR-MS (+EI) (M)* found 306.1731;
(M)+ calcd for C20H22N20 306.1734.

3.3. Synthesis of 4~(dimethylamino)-N-(9-nitroanthfacen—
2-yhbutanamide (1) and 4-(dimethylamino)-/N-(1-nitroan-
thracen-2-yl)butanamide (2)

To a suspension of 1 (238 mg, 0.78 mmol) in acetic
anhydride (35 mL) was added HNO; (0.17 mL) in acetic

acid (1.8 mL) dropwise over 10 min at —10°C. After
stirring at 0 °C for 20 min, the mixture was poured onto
crushed ice and stirred for 2 h, extracted with CH,Cl,,
and the extracts were washed with H,O and brine, dried
over anhydrous Na,SO,, and concentrated in vacuo.
The residue was purified by silica gel column chroma-
tography (benzene/ethyl acetate/MeOH/Satd NH; in
MeOH, 40:40:15:5) to afford 2 and 1 in this order as a
light orange solid.

1. 159 mg, 58% yield, UV Amax (MeOH) nm: 224, 260,
364; '"HMR (CDCl;, 400 MHz) 6 1.93 (2H, m), 2.43
(6H, s), 2.57 (2H, m), 2.62 (2H, m), 7.51 (1H, m), 7.63
(1H, m), 7.89 (1H, s), 7.93 (1H, d, J = 8.8 Hz), 8.02
(1H, d, J=9.1 Hz), 8.03 (1H, d, J = 8.4 Hz), 8.09 (1H,
d, 7=9.1Hz), 8.54 (1H, s), 11.22 (1H, br); HR-MS
(+EI) (M)* found 351.1585; (M)* caled for
C20H2N;0; 351.1584.

2. 68 mg, 25% yield, UV A (MeOH) nm: 241, 269,
379; 'THMR (CDCl;, 400 MHz) 6 1.96 (2H, m), 2.32
(6H, s), 2.49 (2H, m), 2.61 (2H, m), 7.55 (2H, m), 8.01
(2H, m), 8.15 (1H, d, J=94Hz), 829 (IH, d,
J=9.4Hz), 8.45 (1H, s), 8.62 (1H, s), 10.20 (1H, br);
HR-MS (+EI) (M)* found 351.1581; (M)* caled for
CaoH,N30O5 351.1584.

3.4. Photolysis of 1

A 3.5mg (0.01 mmol) of 1 was dissolved in 4 ml of ben-
zene/acetone (1:1) and irradiation was performed
through a Pyrex filter with a 300W photoreflector lamp
for 3 h. The reaction mixture was concentrated in vacuo
and purified by silica gel column chromatography (ben-
zenefethyl acetate/MeOH/Satd NH; in MeOH,
40:45:10:5) to afford 4-(dimethylamino)-N-(9,10-dioxo-
9,10-dihydroanthracen-2-yl)butanamide (AQ) as a pale
yellow solid (2.6 mg, 77% yield). UV ., (MeOH)
nm: 219, 272, 356; '"HMR (CDCl;, 400 MHz) & 2.29
(2H, m), 2.89 (6H, s), 2.94 (2H, m), 3.18 (2H, m), 7.97
(2H, m), 8.10 (IH, d, J=8.8Hz), 8.21 (IH, d,
J=.8Hz), 826 (IH, d, J=8.0Hz), 829 (1H, d,
J=8.0Hz), 8.61 (1H, s), 10.33 (1H, br); HR-MS
(+EI) (M)" found 336.1476; (M)" caled for
CyoHzoN,05 336.1475.

3.5. Detection of nitric oxide and 'O, by ESR

The Fe?* complex of MGD [Fe?*-MGD,, (Fe-MGD)]
was used to trap NO. Fresh stock solutions of Fe-
MGD (1:5) were prepared by adding ferrous ammonium
sulfate to an aqueous solution of MGD. A sample con-
taining 200 puM of 1 or 2 and 15 mM MGD-Fe in phos-
phate buffer, pH 7.6 (5% DMF) was introduced into a
quartz flat cell. ESR spectra were recorded after light
irradiation (5 J/em? UVA) at 30 cm distance with a
JES-FE 2X@G spectrometer (JEOL Co. Ltd., Tokyo, Ja-
pan). The spectrometer settings used were: modulation
frequency, 100 kHz; amplitude, 100-1000; scan time,
4 min; microwave power, 16 mW; microwave frequency,
9.394 GHz. Detection of 'O, was performed by ESR
using 2,2,6,6-tetramethyl-4-piperidone (4-oxo-TEMP)
as a spin trap. A sample containing 100 uM of 1 or 2
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and 100 mM of TEMP in phosphate buffer, pH 7.4 (5%
DMF) was introduced into a quartz flat cell. ESR spec-
tra were recorded in a similar manner as above.

3.6. Assays for DNA strand breaks

DNA strand breakage was measured by the conversion
of supercoiled pBR322 plasmid DNA to the open circu-
lar form. Reactions were carried out in 20 pL (total vol-
ume) of 50 mM Na cacodylate buffer (5% DMF), pH
7.2, containing 45 uM of pBR322 DNA and 100 and
200 uM of 1 and 2. The mixture was exposed to 5J/
cm? UVA light on ice using a 10 W UV lamp (365 nm,
UVP, Inc., CA, USA) placed at a distance of 20 cm.
After 30 min, the reaction mixtures were treated with
5 uLl. of loading buffer (100 mM TBE buffer, pH 8.3,
containing 30% glycerol, 0.1% bromophenol blue) and
applied to a 1% agarose gel. Horizontal gel electropho-
resis was carried out in 50 mM TBE buffer, pH 8.3, and
gels were stained with ethidium bromide (1 pg/ml) for
30 min, followed by destaining in water for 30 min and
photography with UV translumination.

3.7. Site specificity of DNA damage induced by 1

3.7.1. Preparation of >’P-5'-end-labeled DNA fragments.
DNA fragments were obtained from the human p16 tu-
mor suppressor genes. The 32p_3/-end-labeled 460-base
pair fragment (EcoRI1*9481-EcoR1*¥9940) containing
exon 2 of the human pl6 tumor suppressor gene was ob-
tained as previously described.!” The 460-bp fragment
was further digested with BssHII to obtain the singly la-
beled 309-base pair (BssHII 9789-EcoRI*9481) and
147-base pair (BssHII*9794-EcoRI*9940) DNA frag-
ments.2® An asterisk indicates **P labeling.

3.7.2. Detection of DNA damage induced by UVA in the
presence of 1. The standard reaction mixture in a micro-
tube (1.5-ml Eppendorf) contained a 32p_labeled DNA
fragment, 5 uM calf thymus DNA, and 1 in 10 mM so-
dium phosphate buffer (pH 7.8) containing 5pM
DTPA. The mixture was exposed to 5 Jem® UVA light
on ice using a 10 W UV lamp (365 nm, UVP, Inc., CA,
USA) placed at a distance of 10 cm. After irradiation,
the DNA f{ragments were treated for 20 min at 90 °C
in 1 M piperidine and then electrophoresed on an 8%
polyacrylamide/8 M urea gel. The autoradiogram was
obtained by exposing an X-ray film to the gel. The pre-
ferred cleavage sites were determined by direct compar-
ison of the position of the oligonucleotides with those
produced by the chemical reactions of Maxam-Gilbert
procedure using a DNA sequencing system (LKB2010
Macrophor). The relative amounts of oligonucleotides
from treated DNA fragments were measured with a la-
ser densitometer (LKB 2222 UltroScan XL).
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Abstract: Apoptosis, or programmed cell death, is a mechanism by which cells undergo death to control cell
proliferation or in response to DNA damage. The present study was designed to explore small molecule apo-
ptosis inducers for antitumor agents. The synthesis of 4-sulfonylphenyl a-D-glucopyranoside derivatives 1-6
and 4-(sulfonylamino)phenyl o-D-glucopyranoside derivatives 7-12, endoplasmic reticulum (ER)-targeted small
molecules that were designed to induce apoptosis from ER stress by ER glucesidase inhibition and DNA dam-
age is described. Compounds 6 and 12, with a terminal 2-naphthyl group, indicated inhibitions of o-
glucosidases from S. cerevisiae (ICs%=51.7 uM and ICs=74.1 uM) and B. stearothermophilus (ICs%=60.1 UM and
ICs=89.1 um). Moreover, compound 12 strongly induced the DNA strand breakage condition. When com-
pounds 1-12 were assayed for their ability to inhibit processing by glucosidases at the cellular level, no effects

on glycoprotein processing were observed.

Key words: o-glucosidase, inhibitor, DNA cleavage, apoptosis, ER stress

The cell is perturbed by environmental stress condi-
tions. In order to avoid cell death from the stress, cells
must sense and respond to stress, including viral infection,
genetic mutation, chemical insult, and nutrient depletion.”
In the ER, stress is a condition that accumulates mis-
folded or unfolded proteins by disturbing these ER cir-
cumstances. Specific response programs are activated to
circumvent each type of stress. The ER stress induces a
coordinated adaptive program called the unfolded protein
response (UPR).” The UPR is activated upon disruption
of the ER environment by such events as the inhibition of
N-linked oligosaccharide processing, which results in the
accumulation of unfolded or misfolded proteins in the
ER.” N-Linked oligosaccharide processing is carried out
by ER glucosidases I and II. Both enzymes are key en-
zymes in the biosynthesis of N-linked oligosaccharides
that catalyze the first processing event after the transfer of
Glc:ManyGlcNAc; to proteins.” The inhibition of ER glu-
cosidases induces the accumulation of unfolded proteins
in the ER, and increases ER stress. The UPR caused by
ER stress is insulted due to DNA damage, and the cell is
led to apoptosis. Apoptosis targets are currently being ex-
plored for antitumor agent discovery, such as the tumor-
necrosis factor (TNF)-related apoptosis-inducing ligand
(TRAIL) receptors, the BCL2 family of anti-apoptotic
proteins, and inhibitor of apoptosis (IAP) proteins."”

We think that the inhibition of ER glucosidases can be
used to trigger ER stress, and that the ER stress may trig-

* Corresponding author (Tel. +81-3-3700~1141, Fax. +81-3-3707-
6950; E-mail: hakamata@nihs.go.jp).

ger the UPR. Further, following interruption of the UPR
by DNA damage, the cell is led to apoptosis. We think
that compounds that have a-glucosidase inhibitory activity
and DNA breakage activity may be developed into an ER-
targeted small molecule apoptosis inducer for use as an
antitumor agent. We have already elucidated the molecu-
lar recognition properties”™ and the inhibition™ of a-
glycosidases necessary for the molecular design of gly-
cosidase inhibitors using synthetic probes. Based on our
knowledge, we designed compounds 1-12 to have o-
glucosidase inhibitory activity and DNA breakage activity
(Fig. 1). The enzymatic liberation of the aglycon from
compounds 1-12 might be followed by the ejection of a
R’SO.H with the concomitant formation of p-benzoqui-
none or p-benzoquinone imine,” which would then gener-
ate reactive oxygen species (ROS), leading to DNA
breakage,'® shown in Fig. 2. The group of Taylar et al.
has developed a series of 4-(sulfonylamino)phenyl «-D-
glucopyranosides.'” These compounds have been reported
to act as competitive yeast a-glucosidase inhibitors. We
suspect that these compounds may also be enhanced in
their inhibitory activity by changing the sulfonamide of 4-
(sulfonylamino)phenyl o-D-glucopyranoside to sulfonate,
since the liberation of p-benzoquinone is easier than that
of p-benzoquinone imine. i

In this report, we first describe the design and synthesis
series of 4-sulfonylphenyl o-D-glucopyranoside deriva-
tives 1-6 and 4-(sulfonylamino)phenyl a-D-glucopyrano-
side derivatives 7-12. These compounds 1-12 were evalu-
ated with regard to their ability to inhibit three kinds of
o-glucosidases, and the effects of o-glucosidase triggered
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1: R'=0, R?%=4-NO,-CgH,

2: R'=0, R%=4.CI-CgH,

3: R'=0, R%=4-CF3-CgH,

4: R'=0, R%=4-CH,-CgH,

5: R'=0, R?=4-C(CH3-CgHy)s
6: R'=0, R%=2-naphthyl

7: R'=NH, R?=4-NO,-CsH,

8: R'=NH, R%=4-CI-CgH,

g: R1=NH, R2=4‘CF3-CGH4
10: R'=NH, R?=4-CH,-CsH,
11: R'=NH, R2=4-C(CH,)3-CgHs
12: R'=NH, RZ=2-naphthy!

Fig. 1. Chemical structure of target compounds 1-12.

ﬁ Enzymatic hydrolysis
Sugar-0 RI-S—R? + HO Sugar-OH + o:@:a‘ + RZSOH

o}
R'= NH, O

R'=NH, O

Fig. 2. Schematic diagram of enzymatic liberation of quinone derivatives.

ROS-mediated DNA breakage. Finally, these compounds
were also tested in a cell culture system.

MATERIALS AND METHODS

General methods. Optical rotations were measured
with a JASCO DIP-370 digital polarimeter at 25°C. The
NMR spectra were recorded with a Varian Mercury 400
spectrometer (400 MHz for 'H). Chemical shifts were ex-
pressed in ppm downfield relative to Me.Si. Low resolu-
tion mass spectra were obtained with a Waters MicroMass
ZQ instrument under positive and negative ion ESI condi-
tions. Column chromatography was performed on silica
gel 60 (0.063—-0.200 mm, Merck). The progress of all re-
actions was monitored by thin-layer chromatography on
silica gel 60 Fas, (0.25 mm, Merck).

Method A. To the solution of a-arbutin (1, 0.5 g, 1.8
mmol) in 100 mL of dry acetone was added triethylamine
(NEt;, 10 mL) and the sulfonyl chloride derivative (2.8
mmol). After the mixture was stirred for 15 min, the re-
sulting salt was removed by filtration through a cotton fil-
ter, and the solvent was concentrated.

Method B. To the solution of a-arbutin (1, 1.0 g, 3.7
mmol), in 50 mL of dry acetone was added dry potassium
carbonate (K.COs, 1.52 g, 11 mmol) and the sulfonyl
chloride derivative (5.5 mmol). After the mixture was
stired overnight, the K.CO; was removed by filtration
through Celite, and the solvent was concentrated.

Method C. To the solution of p-nitrophenyl o-D-
glucopyranoside (14, 1.0 g, 3.3 mmol), in pyridine (50
mL) at room temperature was added acetic anhydride (10
mL). The mixture was stirred overnight and poured into
water. The product was extracted with AcOEt (3 x 50
mL) and washed with water, 1 M HClag, satd. NaHCOsaq
and brine, and then dried over Na,SO.. The product was
purified by column chromatography on silica gel (1:1
hexane-AcOEt) to afford a quantitative yield of 15. A
mixture of compound 15 (1.6 g, 3.3 mmol) in ethanol
(EtOH, 100 mL) was hydrogenated under H. with 20%
palladium hydroxide on carbon (150 mg). After the mix-
ture was stirred for 2 h, the palladium charcoal was re-
moved by filtration through Celite and the solvent was
concentrated. The product was purified by column chro-
matography on silica gel (1:1 hexane-AcOEt) to afford
1.5 g (93.9%) of 16.

Method D. To the solution of compound 16 (0.5 g,
1.2 mmol), in pyridine (20 mL) at room temperature was
added sulfonyl chloride derivative (1.36 mmol). The mix-

ture was stirred for 10 min and poured into water. The
product was extracted with AcOEt (3 x 50 mL) and washed
with water, 1 M HClaq, satd. NaHCOsaq and brine, and
then dried over Na.SOs, and the solvent was concentrated.

Method E. A mixture of methanol (MeOH) : NEt; :
H,O (5:1:1, 60 mL) was added to a stirred solution of the
sulfonyl derivative (0.85 mmol). After the mixture was
stired for 6 h at room temperature, the solvent was
evaporated.

Synthesis of compounds 1-12.

4-(4-Nitrobenzenesulfonyl)phenyl o-D-glucopyranoside
(1). According to method A, compound 1 was prepared
from 13 (0.5 g, 1.8 mmol). The product was purified by
column chromatography on silica gel (5:1 dichlorometh-
ane (CH:Cl,)-MeOH) to afford 0.46 g (54.8%) of 2: [a]p
+14.9° (¢ 0.93, MeOH); '"H NMR (CD:OD) & 3.38 (dd,
IH, J,=8.8 Hz, Ji-s=10.0 Hz, H-4), 3.55 (dd, 1H, Ji-=
3.8 Hz, J,+=9.8 Hz, H-2), 3.58 (ddd, 1H, J:s=10.0 Hz,
Jsa=5.2 Hz, Js-6=2.4 Hz, H-5), 3.67 (dd, 1H, Js-a=5.0
Hz, Ja-=11.8 Hz, H-6a), 3.73 (dd, 1H, Jse=2.4 Hz,
Jsa-v=12.0 Hz, H-6b), 3.80 (dd, 1H, J,-=/=9.2 Hz, H-
3), 542 (d, 1H, J=3.6 Hz, H-1), 6.95 (d, 2H, J=8.8 Hz,
-OC4LO-), 7.12 (d, 2H, J=9.2 Hz, -OCH.0-), 8.07 (4,
2H, J=9.2 Hz, -SO.CH.NO:-), 844 (d, 2H, J=9.2 Hz,
-SO.CHINO:), MS: 480 (M+Na)*.

4-(4-Chlorobenzenesulfonyl)phenyl ¢-D-glucopyrano-
side (2). According to method A, compound 2 was pre-
pared from 13 (0.5 g, 1.8 mmol). The product was puri-
fied by column chromatography on silica gel (5:1 CH,Cl,-
MeOH) to afford 0.59 g (72.5%) of 3: [a]p +13.8° (c
1.51, MeOH); 'H NMR (CD;OD) & 3.40 (dd, 1H, J,~=9.0
Hz, J.+=9.8 Hz, H-4), 3.55 (dd, 1H, J.=3.6 Hz, J,,=9.6
Hz, H-2), 3.59 (ddd, 1H, J.-=10.0 Hz, J5=5.4 Hz, Jsb
=2.2 Hz, H-5), 3.67 (dd, 1H, Js-«=5.4 Hz, Ja-s=12 Hz,
H-6a), 3.73 (dd, 1H, Js-=2.4 Hz, Ja-w=12.0 Hz, H-6b),
3.81 (dd, 1H, J,+=9.6 Hz, J:.=9.2 Hz, H-3), 543 (d, 1H,
J=3.6 Hz, H-1), 6.92 (d, 2H, J=9.6 Hz, -OCH.0-), 7.12
(d, 2H, J=9.2 Hz, -OCH.0O-), 7.62 (d, 2H, J=8.8 Hz,
-SO,CH.Cl), 7.78 (d, 2H, J=8.8 Hz, -SO.CH.C}), MS:
469 (M+Na)".

4-(4-Trifluorobenzenesulfonyl)phenyl o-p-glucopyra-
noside (3). According to method A, compound 3 was pre-
pared from 13 (0.5 g, 1.8 mmol). The product was puri-
fied by column chromatography on silica gel (5:1 CH,Cl,-
MeOH) to afford 0.59 g (88.4%) of 3: [op +11.7° (c
1.25, MeOH); 'H NMR (CD;0D) & 3.40 (dd, 1H, J:—=9.0
Hz, J.+=9.8 Hz, H-4), 3.55 (dd, 1H, Ji1==3.6 Hz, J,u=
10.0 Hz, H-2), 3.58 (m, 1H, H-5), 3.66 (dd, 1H, Js-a=5.0
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Hz, Jea-=11.8 Hz, H-6a), 3.73 (dd, 1H, Js<=2.4 Hz,
Jea-v=12.0 Hz, H-6b), 3.81 (dd, 1H, J:s=/5-=9.4 Hz, H-
3), 543 (d, 1H, J=3.6 Hz, H-1), 6.93 (d, 2H, J=9.2 Hz,
-OCeH.0O-), 7.12 (d, 2H, J=9.2 Hz, -OCH.0-), 7.94 (d,
2H, J=8.0 Hz, -0,CH.0O-), 8.02 (d, 2H, J=8.4 Hz, -SO,
CH4CE;), MS: 503 (M+Na)".

4-(4-Methylbenzenesulfonyl)phenyl o-D-glucopyrano-
side (4). According to method B, compound 4 was pre-
pared from 13 (1.1 g, 5.5 mmol). The product was puri-
fied by column chromatography on silica gel (5:1 CH,Cl,-
MeOH) to afford 1.03 g (63.4%) of 4: [o]p +18.4° (¢
0.97, MeOH); 'H NMR (CDs;OD) & 2.44 (s, 3H, -CHy),
3.39 (dd, 1H, J:-=8.8 Hz, J,~~=10.0 Hz, H-4), 3.54 (dd,
1H, J1»=3.8 Hz, J,-+=9.8 Hz, H-2), 3.58 (ddd, 1H, J.=
10.0 Hz, Js=5.2 Hz, Js-v=2.4 Hz, H-5), 3.66 (dd, 1H,
Js6a=5.2 Hz, Jaa-b=12.0 Hz, H-6a), 3.73 (dd, 1H, Js-b=
2.6 Hz, Jea-v=11.8 Hz, H-6b), 3.80 (dd, 1H, J.+=9.8, Ji
=0.0 Hz, H-3), 5.41 (d, 1H, J=3.6 Hz, H-1), 6.88 (d, 2H,
J=9.6 Hz, -OCH.0-), 7.09 (d, 2H, J=9.2 Hz, -OC:H.0-),
7.40 (d, 2H, J=8.0 Hz, -SO.CH.CH3), 7.66 (d, 2H, J=8.4
Hz, -SO.CH.CH;), MS: 449 (M+Na)".

4-(4-tert-Butylbenzenesulfonyl)phenyl o-p-glucopyra-
noside (5). According to method B, compound 3 was pre-
pared from 13 (0.5 g, 1.8 mmol). The product was puri-
fied by column chromatography on silica gel (5:1 CH.Cl»-
MeOH) to afford 0.39 g (43.9%) of 5: [o]p +13.6°
(c 1.40, MeOH); 'H NMR (CD;OD) & 1.36 (s, 9H,
-C (CHas)s), 3.39 (dd, 1H, J5-=8.8 Hz, J:s==10.0 Hz, H-4),
3.54 (dd, 1H, J,»=3.6 Hz, J,+=9.6 Hz, H-2), 3.59 (ddd,
1H, J+s=10.0 Hz, J5-a=5.0 Hz, Js-&=2.5 Hz, H-5), 3.66
(dd, 1H, J5s-=5.0 Hz, Jea=11.8 Hz, H-6a), 3.73 (dd,
1H, Js-sb=2.4 Hz, Jsa-b=12.0 Hz, H-6b), 3.80 (dd, 1H, J:-3
=/-=9.4 Hz, H-3), 541 (d, 1H, J=3.6 Hz, H-1), 6.89 (d,
2H, J=9.2 Hz, -OCH.O-), 7.10 (d, 2H, J=9.2 Hz,
-OCH.0-), 7.64 (d, 2H, J=8.8 Hz, -SO.CH.C (CH:)s),
7.72 (d, 2H, J=8.8 Hz, -SO,CH.C (CHs)3), MS: 491 (M+
Na)*.

4-(2-Naphthalenesulfonyl)phenyl o-D-glucopyranoside
(6). According to method B, compound 6 was prepared
from 13 (0.5 g, 1.8 mmol). The product was purified by
column chromatography on silica gel (5:1 CH.Cl.--MeOH)
to afford 0.63 g (74.6%) of 6: [ap +12.3° (¢ 1.32,
MeOH); 'H NMR (CD;OD) & 3.38 (dd, 1H, J;+=8.8 Hz,
Jis=10.0 Hz, H-4), 3.52 (dd, 1H, J=3.6 Hz, J.-:=9.6
Hz, H-2), 3.55 (ddd, 1H, Jis=10.0 Hz, J;=4.8 Hz, Jsb
=2.8 Hz, H-5), 3.64 (dd, 1H, Js<a=4.8 Hz, Jea-b=12.0 Hz,
H-6a), 3.68 (dd, 1H, Js=2.8 Hz, Ja-#=12.0 Hz, H-6b),
3.78 (dd, 1H, J-5=/3+=9.0 Hz, H-3), 5.38 (d, 1H, J=3.6
Hz, H-1), 6.89, 7.05 (d, 2H x 2, J=9.6 Hz, -OC:H.0-),
7.64-7.83, 8.00-8.11, 8.35 (m, 7H, -SO,CcH;), MS: 485
(M+Na)".

4-(4-Nitrophenylsulfonylamino)phenyl 2,3,4,6-tetra-0-
acetyl-a-D-glucopyranoside (17). According to methods
C and D, compound 17 was prepared from 16 (0.5 g, 1.1
mmol). The product was purified by column chromatogra-
phy on silica gel (1:1 hexane-AcOEt) to afford 0.67 g
(94.6%) of 17.

4-(4-Chlorophenylsulfonylamino)phenyl 2,3,4,6-tetra-
O-acetyl-o-D-glucopyranoside (18). According to meth-
ods C and D, compound 18 was prepared from 16 (0.4 g,
1.0 mmol). The product was purified by column chroma-

tography on silica gel (1:1 hexane-AcOEt) to afford 0.54
g (93.1%) of 17.
4-(4-Trifluoromethylphenylsulfonylamino)phenyl 2,3,
4,6-tetra-O-acetyl-a-D-glucopyranoside (19). According
to methods C and D, compound 19 was prepared from 16
(0.4 g, 1.0 mmol). The product was purified by column
chromatography on silica gel (1:1 hexane-AcOEt) to af-
ford 0.65 g (99.9%) of 19.
4-(4-Methlphenylsulfonylamino)phenyl 2,3,4,6-tetra-0-
acetyl-o-D-glucopyranoside (20). According to methods
C and D, compound 20 was prepared from 16 (0.5 g, 1.1
mmol). The product was purified by column chromatogra-
phy on silica gel (1:1 hexane-AcOEt) to afford 0.64 g
(93.1%) of 20.
4-(4-tert-Butylphenylsulfonylamino)phenyl 2,3,4,6-
tetra-O-acetyl-o-D-glucopyranoside (21). According to
methods C and D, compound 20 was prepared from 16
(0.4 g, 1.0 mmol). The product was purified by column
chromatography on silica gel (1:1 hexane-AcOEt) to af-
ford 0.55 g (88.5%) of 21. ‘
4-(2-Naphthalenephenylsulfonylamino)phenyl 2,3,4,6-
tetra-QO-acetyl-o-D-glucopyranoside (22). According to
methods C and D, compound 22 was prepared from 16
(0.4 g, 1.0 mmol). The product was purified by column
chromatography on silica gel (1:1 hexane-AcOEt) to af-
ford 0.53 g (92.5%) of 22.
4-(4-Nitrophenylsulfonylamino)pheny! o-b-glucop-
yranoside (7). According to method E, compound 7 was
prepared from 17 (0.7 g, 1.1 mmol). The product was pu-
rified by column chromatography on silica gel (5:1 CH,
Cl:-MeOH) to afford 0.41 g (83.3%) of 7: {alp +12.1° (c
1.23, MeOH); 'H NMR (CD,OD) 6 3.38 (dd, 1H, J;-+—=8.8
Hz, J,s=10.0 Hz, H4), 3.53 (dd, 1H, J1+=3.6 Hz, J, =
9.6 Hz, H-2), 3.59 (ddd, 1H, J:-=10.0 Hz, J5=5.0 Hz,
Js@=2.4 Hz, H-5), 3.65 (dd, 1H, Js-a=5.0 Hz, Jaa-b=11.8
Hz, H-6a), 3.72 (dd, 1H, Js=2.4 Hz, Ja-=12.0 Hz, H-
6b), 3.80 (dd, 1H, J-+=/-=9.2 Hz, H-3), 5.38 (d, 1H, J=
3.6 Hz, H-1), 7.0 (d, 2H, J=8.8 Hz, -OC:H.NH-), 7.05 (d,
2H, J=9.2 Hz, -OCH.NH-), 7.91 (d, 2H, J=8.8 Hz,
'SOZCGHANOZ), 8.31 (d, 2H, J=8.8 HZ, ~SO:C6H4N02),
MS: 455 (M-H)".
4-(4-Chlorophenylsulfonylamino)phenyl o-D-glucopy-
ranoside (8). According to method E, compound 8 was
prepared from 18 (0.54 g, 0.9 mmol). The product was
purified by column chromatography on silica gel (5:1
CH:CL-MeOH) to afford 0.38 g (95.2%) of 8: [o]p +13.4°
(c 142, MeOH); '"H NMR (CD;OD) § 3.39 (dd, 1H, J:y
=9.2Hz, J.s=10.0 Hz, H-4), 3.53 (dd, 1H, J.-=3.8 Hz,
J.+=9.8 Hz, H-2), 3.60 (ddd, 1H, Ji-=10.0 Hz, J;—=4.8
Hz, Ji=2.6 Hz, H-5), 3.66 (dd, 1H, Jsa=4.8 Hz, Jea-b
=11.9 Hz, H-6a), 3.72 (dd, 1H, Js+=2.6 Hz, Ja-=11.9
Hz, H-6b), 3.80 (dd, 1H, J>+=/:-.=9.2 Hz, H-3), 5.38 (d,
1H, J=4.0 Hz, H-1), 6.98 (d, 2H, J=9.2 Hz, -OCH.NH-),
7.05 (d, 2H, J=9.6 Hz, -OC;H.NH-), 7.48 (d, 2H, J=8.8
Hz, -8O,CHCI), 7.65 (d, 2H, J=8.8 Hz, -SO.CH.Cl),
MS: 444 (M—H)".
4-(4-Trifluoromethylphenylsulfonylamino)phenyl o-D-
glucopyranoside (9). According to method E, compound
9 was prepared from 19 (0.7 g, 1.0 mmol). The product
was purified by column chromatography on silica gel (5:1
CH:Cl:-MeOH) to afford 0.44 g (90.9%) of 7: [a]p +13.4°

— 138 —



	200612002A0121
	200612002A0122
	200612002A0123
	200612002A0124
	200612002A0125
	200612002A0126
	200612002A0127
	200612002A0128
	200612002A0129
	200612002A0130
	200612002A0131
	200612002A0132
	200612002A0133
	200612002A0134
	200612002A0135
	200612002A0136
	200612002A0137
	200612002A0138
	200612002A0139
	200612002A0140

