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ABSTRACT

Synthesis of naphthoquinone derivatives

as algicides against harmful algal species

Dae Heung Byeon
Academic Advisor : Prof. Cho Hoon, Ph. D.
Department of energy convergence

Graduate School of Chosun University, South Korea

Quinones are widely distributed in nature and play essential biological
roles. They also occur as substances of potential toxicological significance
in environmental pollutants, and some are used as anticancer drugs. Chronic
exposure to quinones is mutagenic to cultures of eukaryotic cells and may
cause cell death. Considerable interest has been focused on quinone
compounds especially, quinone moieties are present in many drugs a
backbone structure, such as anthracyclines and mixtoxantrones used as
antitumor agent and algicides.

Harmful algal blooms (HABs) can occur when certain types of
microscopic algae grow quickly in water, forming visible patches that may
harm the health of the environment, plants, or animals. Green tide algae
cause severe problems, such as hindering boat traffic, blocking approaches,
obstructing wash processes and catching cavities, creating unattractive
foulsmelling loads and killing natural biota. Many scientists have conducted
physiological and ecological studies in the hope of reducing the extent of
damage to fisheries caused by HABs. The application of clay can treat the

environmental problems but the toxins released from flocculated cells and

_Vi_



the adverse effect on other organisms.

Therefore, design of ecological safe and selective algicides has been an
evolving research topic. In this research, we synthesized 30 naphthoquinone
(NQ) derivatives and invitro inhibitory activity was measured against
microalgae. All the synthesized compounds were showed invitro inhibitory
activity for harmful algicides (Microcystic aeruginos, Anabaena flos-aquae,
Cyclotella meneghiniana, Stephanodiscus hantzchii), while nonharmful algae
(Scedesmus obliguus and Chloreua vulgaris) were comparatively less
affected by these NQ derivatives. In particular, compounds 3, 4, 14, 15, 16,
19 and 20 were the most potent against 7 categories harmful algicidies with
ICs0 lower than 1uM. Especially, compound 19 was extremely competent and
selective inhibitors against species with ICsy values ranging from 0.08 to

0.162 uM.
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Fig. 1. Harmful algal (Microcystis aeruginosa) blooms.
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Table. 1. Dominant algal species in observable major korea’'s rivers and reservoirs.

Season

Spring Summer Autumn Winter

Station

Cyclotella

Cyclotella

Microcystis (diatom) Cyclotella

(diatom)

Paldang

(cyanobacteria) Melosira (diatom)

Cryptomonas

reservoir

(diatom)

(chlorophyta)

Synedra
(diatom)

Melosira

Microcystis

(cyanobacteria) (diatom)

Asterionella

Daechung

Oscillatoria Synedra Asterionella

(diatom)

reservoir

(diatom) (diatom)

(cyanobacteria)

Oscillatoria

Stephanodiscus

(cyanobacteria) Melosira Stephanodiscus

(diatom)

Nakdong

(diatom) (diatom)

Microcystis

Synedra

River

(cyanobacteria)

(diatom)

Microcystis Uroglenopsis Asterionella

Asterionella

(cyanobacteria)  (Chrysophyta) (diatom)

(diatom)

Juam lake
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fex]
=
daon A oAvE FUAYY EARAL AT

=2 A4 a7 AuAe ¥ AAE gagn a2 A% AE A ds dders
Tt 2k 3, ZA e 23 g4, 52 23] SoR AR 293t 42
2o adeld &Fe As. T4, Sa o A 9 UhFe A &4, G B
A2 2 [0l AR A A2 Qe BEF TEo] AME Ee MAA olE, AL
gk ol &4 [4] UA Aol &5 % o] AstwE Qs A AAH &
A, wdEs, A FHer A9 AAH =4 [10] 9AA SaEEd 9% s

=
oluf ofE =] HAL tF FATT 27 & ¢ 75 SN HAE QA =

] g oA HAF (11 AXA, AAZ 7HA7E s FE(AoFek Folw)l

mzAle] %S AA A - BelshH, S, 4R Aopgy Ei BgF A
Hog

T 4 Utk (Table. 2)

Table. 2. Internal measures for nutrient and algal bloom control [3, 4, 9, 13].

Methods Substances

Prerequisites for lasting success are low external

loading, sufficient depth to prevent sediment
resuspension due to wind events, and adequate choice
In-lake phosphorus of flocculants (Sas, 1989). Experiments with
precipitation precipitation of phosphorus have been undertaken
with aluminium sulphate, ferric salts (chlorides,
sulphates), ferric aluminium sulphate, clay particles

and lime [as Ca(OH): and as CaCOzsl.

Options for measures to counteract sediment release

are removal of sediment (dredging) or treatment to
Sediment dredging and ) )

bind phosphorus. Sediment treatments aim at trapping
phosphorus binding o

phosphorus in the sediment, either by oxidation to

insoluble iron compounds, or by adsorption onto




calcium carbonate or clay particles. During the past
two decades, broad experience collected with
numerous failures and a few successful cases has
shown that effective treatment requires careful design
on the basis of profound understanding of the
sediment chemistry and hydrology of the water body
to be treated. Oxidisation may be achieved by
aeration, artificial mixing, or the introduction of pure
oxygen. It appears to be most effective if achieved
with nitrate, which transports more oxygen and

penetrates more readily into sediments.

Withdrawal of bottom
water from the

hypolimnion

In thermally stratified eutrophic lakes, phosphorus
accumulates in the hypolimnion (cold bottom water
layer) during summer stagnation, partly from settled
organic material originating in the upper water layers
and, in many lakes, largely from the release of
sediment-bound phosphorus under anoxic conditions.
Although most natural outflows drain surface water,
it is often possible to dam the natural outflow and to
abstract hypolimnetic water instead (Olzewski, 1961).
This is especially easy to apply to reservoirs and can
reduce in-lake concentrations significantly. In the
Swiss Mauensee the biomass of Planktothrix
rubescens was reduced from 152 g m” to 42 ¢ m°

using this approach (Gahter, 1976).

Reduction by flushing

Flushing with water of low phosphorus concentrations
can greatly reduce external inputs and will also
accelerate recovery from internal loading by removing
in—lake phosphorus which would otherwise be

recycled for a number of growing seasons.




Successful examples are Veluwemeer in the
Netherlands (Sas, 1989) and Moses Lake in the USA
(Welch et al, 1972). However, this measure also
implies a relocation of the phosphorus to another

water body, and this impact must also be evaluated.

Hydrophysical measures

Algae show different "strategies” of survival in
competition against other algae. Many of these
strategies are adapted to specific hydrophysical
conditions. Changing these conditions may therefore
substantially reduce the success of these algal
"ecostrategists” and allow other phytoplankton species
to become dominant. This approach can be an
effective temporary, supplementary measure alongside
reduction of external inputs of nutrients, particularly
if inlake nutrient concentrations have declined to
values around the threshold where success may be
expected. In some cases, where eutrophication levels
cannot be decreased, permanent installation of
hydrophysical measures can be a solution (Visser et
al., 1996).

A  number of mixing projects have been
unsuccessful because these principles were neglected.
Many systems are now on the market, provided by
different engineering companies. Engineering expertise
1s sufficiently developed to design systems that can
meet the hydrophysical requirements. Care must be
taken, however, to select competent companies, and to
plan the measure to meet the ecological targets set in

combating cyanobacterial blooms.

Biomanipulation

Biomanipulation includes a range of techniques that




influence algal growth by manipulation of parts of the
food web of a lake. Examples are removal of
planktivorous and benthivorous fish populations,
providing refuges for zooplankton and introducing
predatory fish such as pike (Esox lucius) in order to
decimate  planktivorous  fish  populations, and
introducing submerged aquatic plants to compete with
phytoplankton in consuming nutrients (Kitchell, 1992).
These techniques aim at stimulating the growth or
presence of phytoplankton-grazing organisms or of
phytoplankton competitors.

A disadvantage of biomanipulation is that not all
phytoplankton species are eaten efficiently by
predators. Stimulating the predators without reducing
concentrations of phytoplankton nutrients may
stimulate dominance of inedible phytoplankton species,
such as colony—forming (Microcystis, Aphanizomenon)
or filamentous cyanobacteria (Planktothrix agardhii),
or the green alga, Enteromorpha. High nutrient levels
may also stimulate the growth of epiphytic algal
species which grow on the surfaces of macrophytes

and suppress their development.

Algicides

Algicides, especially copper sulphate, have been
used rather widely in some regions to Kkill prevailing
cyanobacterial blooms. As a result of the Palm Island
catastrophe, it was established that lysine a bloom
may exacerbate problems because toxins previously
contained within the cells are liberated and pass
through drinking water filters far more readily than

toxins within intact cells (Lam et al.,, 1995).




Nevertheless, preventative treatment at the
beginning of bloom development has been widely

used (Cameron, 1989) and may be necessary.

Barley straw

The use of decomposing barley straw for the
control of cyanobacteria and microalgae has been
investigated recently (Welch et al., 1990; Jelbart, 1993;
Newman and Barrett, 1993; Everall and Lees, 1996).
The inhibitory effects were suggested to be due to
antibiotic production by the fungal flora or to the
release of phenolic compounds such as ferulic acid
and fcoumaric acid from the decomposition of the
straw cell walls. A reduction in cyanobacterial
populations has also been reported in reservoir trials
after applying barley straw (Everall and Lees, 1996)
and a recent full-scale field trial has been carried out
in a potable supply reservoir and was credited with
reducing regular summer cyanobacterial populations
(Barrett et al.,, 1996).

There are conflicting data from Australia on the
effects of barley straw. Jelbart (1993) failed to find
any inhibitory effects with extracts of rotting straw
on Microcystis aeruginosa isolates. Cheng et al
(1995) also found no algicidal or algistatic effects
from barley straw over a six month period in a
comprehensive field trial in six experimental ponds.
These contradictory findings and the unknown
identity of the inhibitory factors in rotting barley
straw indicate that straw-dosing is still too poorly
understood to recommend for reliable use as a

cyanobacterial control measure.




A market for rapid and cheap water resource
protection and restoration methods is evolving. In
Europe, poorly validated methods for reduction of
cyanobacterial and phytoplankton growth are being
advertised, some of which are questionable. In some
cases, transient success was actually due to natural
seasonal "clear water” phenomena. Although new
approaches require field testing as part of
Other approaches
development, independent verification of their success
can reasonably be requested of their promoters prior
to marketing. Public health officers and other public
authorities are trained in other fields than
environmental sciences and rarely have the expertise
to judge restoration  proposals. Review by
environmental authorities or experts 1s therefore

desirable prior to investment.
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Abslok U4 (oxidized Mg), A2 2olE (zeolite) 52 YARE F9%U3 @ F4 =
v FER7F AT FA del dxste] dddRw, 2REL 2 5248 E
A A AAG = Beltt [13, 171 &7 steAAl= waEi A5 =
Epdich Sl A Fje]l goletA g A Ee A Aol QEa d3gde gy
Bol7] wjZeol A&l ¥ Aert desin. =3 B{E2 (suspended particles)
2 g% (turbidity)7} F7F3th 53] Hole A8 dEAIERUE ggd 1)
Am EE ghgoES AHEstel 28 = MAAE ARelx ok 1 x4

7} 1=+ Phoslock Water Solution Aloll 4] WFE Phoslock®A] 3% o]t} [18]. (Fig. 2)

|

Fig. 2. Poslock being applied to canning river, austrailaria (B). Phoslock is
bentonite which has been modified through the introduction of the rare earth
element lanthanum into its clay structure (A). Source from http://www.phoslock.

com.au/index—usa2.php, © Phoslock Water Solution.

Aol oa) wxsh wAte B 7
T Yu Fo] 19944 o5&
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61 Wl 7Y 2 AE F AdAGe] 2 ANE A AAAA
o o

o] 3
FEE HEAGOr d T AxE Aolsty) 9% PPOE FE HEs} o] Fof

Fig. 3. Yellow clay sprayed around fish cages for by the sprinkler (B) in South
Korea (A). Source from http://www.nfrdi.rekr ©2007, NFRDI (National fisheries

Research and Development Institute)

A I SRANE Fol AHEEIL e FEAYY T stuoltt. x4 ES
AH AAsk= EAZ A A2 (cuper sulfite), &4 4571} (active alumina),
Z B ES (sodium bicarbonate), ©]2F3E] € (titanium dioxide), #3}F (sulfer), &
g}el (chlorine), S48l 1145 (magnesium hydroxide), AF3lold (zine oxide) %9

slEotES AgaAY AET B VAR 5 AdEeny HtEde Fie 4
Aol AR Mol =25 Aolah wuolr [2, 4,9, 2] A7) Wy EF w=2n AF
f wzAo] EnE dehinh 2 gv1e W gAEeA ARel aFHm I
s4e] EIRS wols] el MMl AX Pzt BRT AN FEL 17lol
e ougo] 208 ¥ ohel By 24Y A9 AURd FHHAY Hoxxe
o AREAL BAANA EAALS DAL 5 24 SARAZ AT 5 AT

Mepd, B Aol QoA AAE Be FALL TR, Aa HxAGe] A
ga7] 9@ JMen MAR 3% fURde swow AuAdd b IRAA



A A Abst-3 @ ukg-of o] 8%, a(l,4)-naphthoquinone®} B(1,2)-naphthoquinone
o2 Uy F FERE AAaEA HAd wo] &A= A2 aAlelt). a(l,4)-naphtho
quinones 1W o]FJERYH M sFFow AHE2H dERE AREH gtow, HEwW
Kel 43 712725 72 Aok % Fd=dz2 d7E oofFe d8E A
Ha vt R A ARE o] &HW o] o i g Ed2E A I FHFE
AA 2% A% glv) B(1,2)-naphthoquinones AleF 2 F7FA 24 2291t}
Naphthoquinone®] #A242 Ci;oHeO2¢1™, a(l,4)-naphthoquinones »=¢2 ZA o
2, 3 126ColH, 100C o]stoll A s 3gkstt}. B(1,2)-naphthoquinone =4 2
dor w4 145~147TColaL, aAleh BAl= R -0l A=Al vt (Fig. 4.

(@) s} (b)

o]

0]

Fig. 4. Chemical structures of a(1,4)-naphthoquinone (a) and B(1,2)-naphthoquinone
(b).

o] gtE2 F Ul AEo] WIS mdd XIFEk 54TH B AETH A
8o A zpale] wbEAd Fost= F 7HA] 78 81 A 5 S AUk AbskAleln
AARA &9 44 7dxes 54 37 a39 83 x4 93] J&FS v
o AAH o g wASt= quinone?] @ 9E-F-S benzoquinone, naphthoquinone, anthra

quinone 52 Al 7FA ZLFel ofs) thE-E B Ao (Fig. 5)

@ 0 b) 0 © 0
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Fig. 5. Chemical structure of 1,4-benzoquinone (a), 1,4-naphthoquinone (b) and

9,10-anthraquinone (c).

Anthraquinone, doxorubicin, daunorubicin< anthraquinone®] dHF = FAH WA,

o

mitomycin@} streptonigrine 3| H 28] 7129 p-benzoquinone® A FH oAt} o]
lapachol® lapinone 22 <% naphthoquinone? FABEZEL FUA X ZFH3 =

< YERAT [23]. A 30071 o2 = Y EE 7FA & naphthoquinone %A+
A

o,

AE, dtEEeh dRE FEE 7 Ak ol# e AT TEL el W&ot A
A EIle, Htel A VIS @Al 25 A R @A naphthoquinone?]
AR7HAE Skl [24, 251

oX,

o
jultd
ofN
tlo

199913, <A naphthoquinone?] ©]d & A2 alkannin®} shikonin< &3
3 AEE of=m AETA oA Aok FHE A% RS TAHLAE 2
=t A EA 71dE o] AA  alkannin®  shikonine alkannatinctoria®} litho-
spermum erythrorhizon®] 21 & oA F=2 WA ACY. Tdk 272 L1210 Al X

doto] e AlxsAds FATS & 5 Aldd (Fig. 6)

(a) (b) OH 0

CH3 CH3

OH Q OH

Fig. 6. Chemical structures of alkannin (a) and shikonin (b).

20051, @A) = ARSI & 5<% copper sulphate, chelated copper 3}
Ste 9 diuron (3-[3,4-dichlorophenyl]-1,1-dimethylurea) % 4 #|ZA o hak A
o] 7|&e] MAEAE Hrt st lom IR §stE A HABsE ¢8hA 7] =)
AREE L QT [26]. e o bdEta dEARl dxA EdS FHe 3o o ¥
HABsE Alojsli=d o= 3j},

wela] B A Fo| A= 7|Ee] TR E Al naphthoquinone (NQ) 7]4ke] t}hekst
T

EAE AT AFEAS 47 FASe] 2F daA 2ol faxRol

_12_



73 o]

0-120 h el SAHS =&

skod 1Cs

&y

7A

ol
N
3

mﬂ
ol

op A oo

ATt

file)
I
i

ll

_13_



g 9 "

O~
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FAdE 7] et AREEHAR BRE 3EEAELS sigma-Aldrich, TCI, junsei,
merckAFe] Al oFS ARESFGITE el WS SFEES Ny &9 7104 vh&-ak3dt.
7} 3132 9] 'H Nuclear magnetic resonance (¢]3F NMR) ¥ ¢ 300MHz, 296K¢
A YH 300 (Oxford, Japan)S AR&3te] SA3EATE NMR W9 AlE5= BTAIE
T CDCl; =& DMSO ¢ TMSE AHg= Atk 'H MNR®| 3184 o] 55 53)&
parts per million (ppm, W9k BE§)o 7 FEASFYSH, J-coupling Z2dAT+E Hz

(Hertz) ©+9) & =439},

Ad azvEagns £3E Selde sdes @4 2vistn AY ool )
AR 7 5 ALg3AT A5 Ropx HEL gro uwk I 2utk 1]y (Thin Layer

Chromatography : TLC)oll Al &-¢1&} 9 o},

2. Algae

FalZ2F5< X7 2% (microcystis aeruginosa, anabaena flos—aquae), TFZF 2

7 2% (scedesmus

% (stephanodiscus hantzchii, cyclotella meneghiniana)® 3%
obliguus, chloreua vulgaris) % 652 ZFE dIistn 4 wgFE AFAoA
7] s kol ARR-SF AT

EZ2F 255 47 pH 7% pH 92 ZZH 100 ml®] BGl11 sl A4 25T, 50
uM photons m * s!, 12:12 (light:dark) cycle, AXZ7A o2 wje i, 2 Fo sH A
A wj A = A wjgetAth FERF S pH 7 2d " DME| Al A 15T, 50 uM
photons m* s', 12:12 (light:dark) cycle, A Z7 o2 wgE 1, 99 TAdA 2 F
of g A AME wjA= A e ekl

3. Microplate assay
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2

9] m. aeruginosas W%

&
y

25 AE kol 0.2 mlE 96-well plateo] W3} A
HNQ F9 sgEs vgYs s22 HFToto AT =7 247 1, 2, 5, 10, 20, 50 u
Mo] HEE A& FAh Az FE F m. aeruginosa?] HA vtz sl

A 54 Fot wjFstHA 5 A FHi= ol 10 ul& E#38 neubauer hemocytometer

(

I

O
Olr

CX31 inverted microscope (x400 magnification)

=

=<
(superior, germany)o] ¢

(olympus, japan)stollA =4

Els 3351194 Z5F METE AT FA o W, 7 v =

Wiz giv] Alxe #As (= AxE4) (Algicidal activity), & 2284 (%)
WA 1) ARl AAteA

Algicidal activity (%) = (1-Tt/Ct) x 100 1)

ol T (HgH) C (HET)= 27 NQ 3t Eo] HEHAS wfet FE29x &

St e 2REESE AXFE R, t= AT F d(day)FE HEHRIT FF

Z7F Al 8l HF %= 1 pMol A m. aeruginosad A EZFE 100% A AT 4=

282 33] HFE (triplicate)ste] 3 EH U™, 239 raw datats HTH EF
#H =} (the mean and standard deviation)® %3 % Sl th O]—? EQdl ogo] gS A4

F71ok B2 AYoR 2R 639 dxd4dS S48 FA

4, Measurement of ICsy value

ke
ix

Ao 1 uMollA m. aeruginosa®l AEFE 90% ol AAT 4 AU
NQ =42 oz 1 mle m. aeruginosa Bl (5 x 10° cells ml Ho] *x3t=
96-wellel HE % 0.1, 02, 05, 1, 2, 5 pMe] F&7F ¥ &5 24dsta g3 4 )
FxAo A 5dF A wistAnk. Aol vlsd WReR 7 = d
dxadds ekt NQ stehEo] HEHE 120 AlZF A9 & AU=E

50% Aol + 9= FE (IC5-120 h)E standard curve?l four parameter logistic

O

curveE A3l sigmaplot version 11.2 softerwareol| A A 4F3} S c).
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. B
l+[?] 2)

Y& BEE 47e] gFFE mE 2RI 00 ek, AL EFE n
2 A 4234 (%), DE AFFE BE & 42 (%), C= FEFE W9
Wel IC-120 h @, B - Hillslope (- 7197]) @& evisteh, mebd 7] 42 A

g3 WFFE W 42BY9 Gy RS FIHAT

5. Zebrafish (Danio rerio) ¥4 ZAA 8

Zebrafish (Danio rerio)T Sy etE H|ESte] A MAIHoZ xS gAHo=E
AFAA e ETAIEHY FAoFoz AEHSAdF Y dE] AFEEHE AEFolt)

2 AF 2 o]F(zebrafish & o=z FAAAUSAAS Hrste] AEHA U 48 7Hs
st HA o AxEAS AEsty] Yt 5oz AFS st
J Aol ALgH zebrafishe T3] A&
E

o] zebrafish (dania rerio) ¥4 54
O

Fo] 25 + 1T, pH 75 = 0.2, dissolved oxygen 7~8 mg/L 2 3FF7] 12 : 12
cycle) Ao 2 AlS3tg o, HolZ color charasing ©|E9] 3 A FTHF3A
AMSTE FRES YW ZHE 1A o3gk &) carbon BEE 23} o] #ste] SO
gotauth F3 ¥ 3/Y ol " 2 £ 1 cm 27]9 7Hﬂ]—§ o] 51t A
= TR AH Al A E<t i
cm 2] zebrafish (danio rerio)ES AW¥3le] FH “3}51 HA o Az =4
g NQ s¢&Es v= ¥=2 gdFshe] 747 25, 2, 15 1, 0.5 uMo] H==

skl Al 7IRE Eetell= AIEAS agekA] = A AIERW (static

!_":

ek, e L Fepnggsze] §54 WG AsRS ol §3he] 6,60 LE 217
(L:D

o}

AN A 142 5
_‘|

f

g3tk 2407 HA o



oH OMe Br OMe OMe OMe OMe OMe
QSR
CHO
OH OMe

OMe Br OMe OMe OMe OMe

1 2 3 4 a
OMe O

OMe O

Fig. 7. Chemical structures of naphthoquinone.

1,5-dihydroxynaphthalene (1), 1,5-dimethoxynaphthalene (2), 4,8-dibromo-1,5-dime
thoxynaphthalene (3), 1,4,5,8-tetramethoxynaphthalene (4), 2-formyl-1,4,5,8-tetra
methoxynaphthalene (4a) and 5,8-dimethoxynaphthalene—1,4-dione (4h).

6.1. Procedure for the synthesis of compounds (2~4, 4a, 4b)
6.1.1. 1,5-Dimethoxynaphthalene (2)

1,5-dihydroxynaphthalene 100 g (0.62 mol)& mechanical stirrer® 10% NaOH =
|- 450 mlol =o]al, dimethyl sulfate 182 mlE Ao A ¢F 30& o # 7} o] 6
Al Qb ket A E 2 HAES 5% NaOH F8& o=z o | Alxg
F ok 80 Coll M 12 A7k o4 Axatel YRAATH 80 T LA HIN AxE 30 g
= ethyl acetateo] €3] =<l th5 o7]e active carbong 7Fste] °F 1A]3F 30

FoF wWHkaleith o] = buchner funnel® o3+ t}3 oS YA A wehae] AR
1,5-dimethoxynaphthalene (2) 23 gt}
Yield : 65 %
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'H NMR (300 MHz, CDCl3) & 7.84 (2H, d, J=87 Hz), 7.37 (2H, t, J=8.7 Hz), 6.86
(2H d, J=7.8Hz), 3.99 (6H, s)

6.1.2. 4,8-Dibromo-1,5-dimethoxynaphthalene (3)

1,5-dimethoxynaphthalene (1) 23 g (0.12 mol)& acetonitrile £ o] ¥ t}S 0
ZE el A n-bromosuccinimide 45 g& X3 Fol wwstHh wkgEo] AL E <]
dest Abelol o222 o33 g acetonitrile®t methanolZ 2] W AolFEh 50
TolA AZEAA 4,8-dibromo-1,5-dimethoxynaphthalene (3) 36 g1t}

Yield : 80 %
'"H NMR (300 MHz, CDCls) § 7.92 (2H, d, J=85 Hz), 6.75 (2H, d, J=8.4 Hz), 3.95
(6H, s)

6.1.3. 1,4,5,8-Tetramethoxynaphthalene (4)
4,8-dibromo-1,5-dimethoxynaphthalene 36 g (0.104 mol), copper(I) iodide 67.6 g

(0.36 mol)¥} sodium methoxide 19.3 g (0.36 mol)& DMF 50 % methanol &<} 750

mlell =olar, oF 28A3F F<et 70 T AHelA g7 ettt whs s WAl

bl [e]
U5 4555 #dr7kste A JAAES A3, AFsT o3 gFES 80 T
ol A ¢F 12 A7+ o] AZEAZl ¥ methylene chloride 1 Lol &o] B8£ES 7]%o]
o] sto] AAT g ANE Y FFst] 42 WA ES benzenelE A A A 51

w2 o] AR |45 8tetramethoxynaphthalene 14 g (4) <At}
Yield: 55 9%
'"H NMR (300 MHz, CDCly) § 6.93 (4H, s), 3.98 (12H, s)

6.1.4. 2-Formyl-1,4,5,8-tetramethoxynaphthalene (4a)

250 ml three-neck round bottomed flaske] DMF 8.15 ml (0.1 mol)¢} POCls 9.78
ml (0.1 moDE Yo &33 3 o7]9 1458ftetramethoxynaphthalene (4) 51 ¢
(0.02 mol)=S chloroform 45 mlol o] 20% F<oF A A3 AH7l3k & stol Al 2F 6

AP EQE ateklth RS EgEs WAANR de deE 100 mlE ¥,

RS



methylene chloride® 2~33] %3} t}. methylene chloride®& o}
goz 55 AAT vbs 71 xstal, benzene? n-hexanel = A
S = FMe AA 2-formyl-1,4,5,8-tetramethoxynaphthalene (4a) 5.3 ¢
Yield : 96 %

'"H NMR (300 MHz, CDCl) § 10.89 (1H, s), 7.26 (1H, s), 7.05 (1H, d, J=8.7 Hz),
6.94 (1H, d, J=8.7 Hz), 4.0 (3H, s), 3.99 (3H, s), 3.92 (3H, s), 391 (3H, s)

= >~
S
Agstel @

A AT

mo oL

6.1.5. 5,8-Dimethoxynaphthalene-1,4-dione (4b)

1,4,5,8-tetramethoxynaphthalene 10g (40.3mol)9} acetonitrile 450ml, chloroform
150ml& 9ol €3 A7l ¥ cerium ammonium nitrate 54g (98.5 mmol)E & 300mlel
ol AA3 7F gty EFES ALoA g AR wRkAIZL 5 & 600ml¥}t CHCls
600mlE 2~33] 3% 39ttt methylene chlorideZg Xo} 4 aulayH o=
o AAS O3 #Addx ok o] A3ES MeOHE A AA ko] 58-dimethoxy
naphthalene-1,4-dione (4b) 4.80 g2 H<& 1AE LUt}
Yield : 55 %
'H NMR (300 MHz, CDCly) 6§ 7.33 (2H, s), 6.79 (2H, s), 3.97 (6H, s)

6.2. General procedure for the synthesis of compounds (NQ1~4)

6.2.1. 2-(1,4,5,8-Tetramethoxy—-naphthalen-2-ylmethylene)-malonic acid
dimethyl ester

OCH;  OCH;
OO Dimethyl Malonate
e
CHO
OCH;  OCH;

Dean-Stark trape] &%  100ml Z&~39  2-formyl-1,4,5,8-tetramethoxy
naphthalene 2 g (7.25 mmol)S Y i, benzene 30ml o ¢ TS o] 7] dimethyl
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malonate 0.83 ml (7.25 mmol), piperidine 80 ul (0.81 mmol) % acetic acid 240 ul
(42 mmoDE i, BFatoll Al oF 4A1F &< REEAIF T WEgo] S EHA LAY
= 58 azeotropic distillation®] 23| dean-Stark trapol] A A ATt W29 APAH=
+ TLCE #lstglom, vkgo] O o4 AHA &S w74A] vsS AFA7 v
Ao YZhAIZl F 9rSES 5% HCl, NaHCO; 5% acetic acid 2 2 F i3]
AFstATh #7180 T& e Kol o SAntadgow g5 A vs Y 5
Fato] dojz EAS ethyl acetate?} ethyl ether® A ZAAsI] &=432-(1458-
tetramethoxy-naphthalen—2-ylmethylene)-malonic acid dimethyl esterS 1 t}.
Yield : 71 %

'H NMR (300 MHz, CDCLy) § 829 (1H, s), 6.89 (2H, q), 6.82 (1H, s), 3.95 (3H, s),
3.90 (3H, s), 3.89 (3H, s), 3.87 (3H, s), 3.81 (3H, s), 3.78 (3H, s)

6.2.2. 2-(1,4,5,8-Tetramethoxy—-naphthalen-2-ylmethylene)-malonic acid
diethyl ester

OCH; OCH3 OCHs OCH3
Dlethyl Malonate
/ O
CHO
OCHs OCHs OCHs OCHj4

Yield : 68 %
'H NMR (300 MHz, CDCly) & 825 (1H, s), 6.9 (2H, d), 6.88 (1H, s), 431 (4H, m),
3.94 (BH, s), 3.89 (6H, s), 3.78 (3H, s), 3.81 (3H, s), 1.35 (BH, t), 1.24 (3H, t)

6.2.3. 2-(1,4-Dimethoxy-5,8-dioxo-5,8-dihydro—-naphthalen-2-ylmethylene)-
malonic acid dimethyl ester (NQ1)
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2-(1,4,5,8-tetramethoxy—naphthalen-2-ylmethylene)-malonic acid dimethyl ester
781 mg (2 mmol)S acetone 10 mloll =<1 t of7]o] H.SO4 250 ul, H.O 770 ul,
CrO; 300 mg (3 mmol)S i, A2oA 1A F<eF MEA AT doj WE&E

o
==
ethyl acetate, n—-hexan®] E£&&wZ olE o7 3o A 7lAoe] 4y APdo=w 1

g8t <=3 2-(1,4-dimethoxy-5,8-dioxo-5,8-dihydro—naphthalen—2-ylmethylene)-

malonic acid dimethyl esterS it}

Yield : 56 %
'H NMR (300 MHz, CDCl) § 802 (1H, d), 7.37 (2H, s), 6.82 (1H, d), 3.94 (3H, s),
3.89 (6H, s), 3.83 (3H, s), 3.78 (3H, s). (&, 1¥8 1 F=x)

6.2.4. 2-(1,4-Dimethoxy-5,8-dioxo-5,8-dihydro-2-naphthalenyl)-malonic acid
diethyl ester (NQ2)

OCH;  OCH; ( OCH, (
CrOs
/ O / O

OCHy  OCHg OCH; o

Yield : 59 %
'H NMR (300 MHz, CDCl;) § 7.79 (1H, d), 7.33 (2H, s), 6.87 (1H, d), 431 (4H, m),
3.96 (3H, s), 395 (3H, s), 1.31 (6H, m). (¥ &, ¥ 2 F=x)

6.2.5. 2-(5,8-Dimethoxy-1,4-dioxo-1,4-dihydro-naphthalen-2-ylmethylene)-
malonic acid dimethyl ester (NQ3)
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2-(1,4,5,8-Tetramethoxy-naphthalen-2-ylmethylene)-malonic acid dimethyl ester
781 mg (2 mmol)S acetonitrile 12 mlell =<l t}S oJ7]o] CAN 3.29 g (6 mmol)<
= 15 mloll =< &4S HAHs] A7k vy A2olA 1AIZF FF WA T Aozl
HFS-E S ethyl acetate, n—hexan & T3EE o|FTFo 2 3dlo] Ay 7tAe] F2H
o7 Este 43 2-(58-Dimethoxy-1,4-dioxo-1,4-dihydro-naphthalen-2
-ylmethylene)-malonic acid dimethyl ester< it}
Yield : 51 %
'H NMR (300 MHz, CDCLy) § 802 (1H, s), 7.37 (1H, s), 6.82 (2H, d), 3.94 (3H, s),
3.89 (3H, s), 3.83 (3H, s), 3.78 (3H, s). (¥*&, 29¥ 3 #X)

6.2.6. 2-(5,8-Dimethoxy-1,4-dioxo-1,4-dihydro-naphthalen-2-ylmethylene)-
malonic acid diethyl ester (NQ4)

OCH; OCH, OCH3
OO / O “ / O
OCH; OCHs OCH;

Yield : 55 %
'"H NMR (300 MHz, CDCl3) § 7.99 (1H, s), 7.41 (1H, s), 6.81 (2H, d), 4.33 (2H, q),
423 (2H, q), 1.36 (3H, t), 1.22 (3H, t). (=, 1Y 4 F=x)

6.3. General procedure for the synthesis of compounds (NQ5~6)
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6.3.1. 2-Butylamino-5,8-dimethoxy-1,4-naphthoquinone (NQ5)

OCH; O OCH; 0O
O‘ — O‘
_ T 5
N/\/\
H
OCH, O OCH, O

5,8-dimethoxy—-1,4-naphthoquinone 500 mg (2.29 mmol)& MeOH 30 mlo] =9 &
Aol butylamine 341 pl (344 mmol)< H7Fstth =S HA20dA 4A3F &<t
WHEA] 7] WES-o] HP P == TLCE &<l ¢ oA wkgo] Hasx ¢hod 7
ANA A7 WS eSS Ay ARvEIYI R AAste] &% 2-Butyl

£
ol
-

amino-5,8-dimethoxy-1,4-naphtho quinoneg < ¢lt}.

Yield : 72 %

'"H NMR (300 MHz, CDCls) § 7.35 (1H, d, J=9.51 Hz), 7.19 (1H, d, J=9.51 Hz), 5.60
(1H, s), 396 (3H, s), 3.93 (3H, s), 3.12 (2H, q), 1.65 (2H, m), 1.42 (2H, m), 0.95
(BH, t). (%, ¥ b Ix)

6.3.2. 2-Cyclohexylamino-5,8-dimethoxy-1,4-naphthoquinone (NQ6)

OCHj 0 OCH3 0
O‘ CVCIOhexylarnjne O‘ /O
TR
N
H
OCHs 0 OCH; 0

Yield : 65 %

'H NMR (300 MHz, CDCly) & 7.35 (1H, d, J=9.18 Hz), 7.19 (1H, d, J=9.18 Hz), 562
(1H, s), 396 (3H, s), 394 (BH, s), 322 (1H, m), 2.00 (2H, q), 1.76 (2H, q), 1.31
(6H, m). (=, 219 6 I=x)

6.4. General procedure for the synthesis of compounds (NQ7~8)
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6.4.1. 2-(2-Diethylamino-ethylamino)-1,4-naphthoquinone (NQ7)

0 0
N.N—Diethylethylenediamine (
N
A\
H
0 0

1,4-naphthoquinone 500 mg (3.16 mmol)¥ MeOH 30 mle] =< £H9
n,n-diethylethylenediamine 449 pl (3.16 mmol)S 75kt EFES A

I EeE WRkAIZIAL whg-o] PP TLCE <l o o4 ®kgo] % &
WO stolld A7 S stgEs Ay ARvEIN R AAse &%
2-butylamino-5,8-dimethoxy-1,4-naphthoquinones %1 t}.

Yield : 63 %

'"H NMR (300 MHz, CDCl) § 809 (1H, dd, J=7.68 Hz), 8.03 (1H, dd, J=7.68 H2z),
7.72 (1H, td), 3.96 (1H, td), 6.61 (1H, s), 5.71 (1H, s), 3.17 (2H, q), 2.74 (2H, t), 2.58
(4H, @), 1.05 (6H, t). (F&, 28 7 &x)

6.4.2. 2-Cyclohexylamino-1,4-naphthoquinone (NQ8)

o]

O‘ — “ /'O
_—
N

H
(0] 0

Yield : 70 %
'H NMR (300 MHz, CDCly) 6§ 810 (I1H, dd, J=7.68 Hz), 805 (1H, dd, J=7.68 Hz),

7.72 (1H, td), 761 (1H, td), 575 (1H, s), 3.29 (1H, m), 2.06 (2H, t), 1.80 (2H, m),
1.69 (1H, t), 1.34 (6H, m). (¥}, ¥ 8 F=x)
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6.5. General procedure for the synthesis of compounds (NQ9~16)

6.5.1. 2-Chloro-3-[2-(2-hydroxy-ethoxy)-ethylamino]l-1,4-naphthoquinone
(NQ9)

0

Q
Cl cl
2—(2—Aminoethoxy)ethanol
/\/0\/\
Cl N OH
H
O

0

2.3-dichloro-1,4-napthoquinone 1 g (4.4mmol)S diethylether 30 mlo] =<l

R

=2

>
o 12

=2

2-(2—-aminoethoxy)ethanol 658 ul (6.6mmol), triethylamine 610 pl& % 7}a}e]
A 24N sQb ik sl Euh whEo] WPA == TLCE Fstar ¢ o]
A=A grow 79} slolA THUAATH. SFES A9 ARvEHYY 2

&%k 2-chloro-3-[2-(2-hydroxy—-ethoxy)-ethylamino]-1,4-naphthoquinones

=
oo
-

ot
2

o
-

Yield : 61 %

'H NMR (300 MHz, CDCly) 6§ 816 (I1H, dd, J=7.68 Hz), 805 (1H, dd, J=7.68 Hz),
7.74 (1H, td), 763 (1H, td), 641 (1H, s), 410 (2H, m), 3.77 (4H, m), 364 (2H, t).
(5, 29 9 =)

6.5.2. 2-Chloro-3-(3-diethylamino-propylamino)-1,4-naphthoquinone (NQ10)

o] o]

cl cl
“ N.N-Diethyl—1.3—diaminopropane O‘
- x /\/\N g
H
0 0 K
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Yield : 73 %

'H NMR (300 MHz, CDCly) § 8.15 (1H, dd, J=7.68 Hz), 802 (1H, dd, J=7.68 Hz),
7.70 (1H, td), 7.59 (1H, td), 641 (1H, s), 4.01 (2H, q), 259 (6H, m), 1.82 (2H, m),
107 (6H, t). (%, 2¥ 10 &=x)

6.5.3. 2-Chloro-3-(2-morpholin-4-yl-ethylamino)-1,4-naphthoquinone (NQ11)

0 0
Cl cl
4— (2—Aminoethy]) morpholine (\ (o}
/\/ N \)
M
Cl th
o] (@]

Yield : 62 %

'H NMR (300 MHz, CDCl;) 6§ 816 (I1H, dd, J=7.68 Hz), 804 (1H, dd, J=7.68 Hz),
7.73 (1H, td), 7.63 (1H, td), 641 (1H, s), 691 (1H, s), 3.97 (2H, q), 3.76 (4H, t), 2.67
(2H, t), 252 (4H, t). (FF, 2 ¥ 11 F=)

6.5.4. 2-Chloro-3-piperidin-1-yl-1,4-naphthoquinone (NQ12)

0] o]

Cl cl
O‘ Piperidine O‘
Cl N
0
Yield : 59 %

'H NMR (300 MHz, CDCl;) 6§ 812 (I1H, dd, J=7.68 Hz), 801 (1H, dd, J=7.68 Hz),
767 (2H, m), 354 (4H, t), 1.74 (6H, m). (#+F, 19 12 #&x)

6.5.5. 2-Chloro-3-cyclopentylamino-1,4-naphthoquinone (NQ13)
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l l |
C

o]

0
Cl
Cyclopentylamine O‘ /D
N
o]
Yield : 59 %

'H NMR (300 MHz, CDCly) 6§ 816 (I1H, dd, J=7.68 Hz), 804 (1H, dd, J=7.68 Hz),
7.73 (1H, td), 7.62 (1H, td), 6.09 (1H, s), 4.85 (1H, m), 2.10 (2H, m), 1.68 (6H, m).
(%, 19 13 &%)

6.5.6. 2-Chloro-3-morpholin-4-yl-1,4-naphthoquinone (NQ14)

0 0]
Cl Cl
O‘ — O‘
—_ &
Cl N/\
o] 0o k/()

Yield : 64 %
'H NMR (300 MHz, CDCl;) 6§ 814 (I1H, dd, J=7.68 Hz), 803 (1H, dd, J=7.68 Hz),
7.70 (2H, m), 3.87 (4H, t), 3.63 (4H, t). (&, 1¥ 14 F=x)

6.5.7. 2-Chloro-3-(3-hydroxy-propylsulfanyl)-1,4-naphthoquinone (NQ15)

0o

Q
Cl Cl
O‘ 3—Mercapto—1—propanol O‘
Cl S/\/\OH
Q

0
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Yield : 55 %
'"H NMR (300 MHz, CDCly) & 814 (1H, dd, J=7.68 Hz), 8.03 (1H, dd, J=7.68 Hz),
7.70 (2H, m), 3.81 (2H, t), 351 (2H, t), 1.94 2H, m). (32, 1¥ 15 %)

6.5.8. 2-Chloro-3-(2-hydroxy-ethylsulfanyl)-1,4-naphthoquinone (NQ16)

0 0
Cl Cl
2—Mercaptoethanol
OH
cl T
0 o]

Yield : 58 %
'"H NMR (300 MHz, CDCl;) § 812 (1H, dd, J=7.68 Hz), 8.06 (1H, dd, J=7.68 Hz),
747 (2H, m), 453 (2H, t), 3.27 (2H, t). (3*=, 19¥ 16 I =X)

6.6. General procedure for the synthesis of compounds (NQ17~23)

6.6.1. 2-Hydroxy-3-[phenyl-(thiazol-2-ylamino)-methyl]-1,4-naphthoquinone

(NQ17)
O |
‘# = O
Benzaldehyde
OH
9]

2-hydroxynaphthalene-1,4-dione 500 mg (2.87 mmol), benzaldehyde 300 ul (2.87

mmol), 2-aminothiazole 287 mg (2.87 mmol)¥} Znj&2 AL 5+ InClhE watero] 3
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M

7hste] 6A1%F B stolErh WhEo WA H == TLCE ERlstal t] o]/ §kgo] %l
B gom ¥hg AAHES AT F wateret  EtOHE Al sto] &3
2-hydroxy-3-[phenyl-(thiazol-2-ylamino)-methyl]-1,4-naphthoquinone2 %! t}.
Yield : 80 %

'"H NMR (300 MHz, DMSO) § 7.96 (2H, td), 7.79 (2H, m), 7.42 (2H, d), 7.23 (3H,
m), 7.02 (1H, d), 6.65(1H, d), 6.48(1H, s). (¥ &, 21¥ 17 #&=x)

6.6.2. 2-Hydroxy-3-[(5-methyl-isoxazol-3-ylamino)-phenyl-methyl]l-1,4-naph
thoquinone (NQ18)

o 0 l
O‘ 3—Amino—5—methylisoxazole O‘ H | |
Benzaldehyde N
OH OH ™o CH,

0

Yield : 76 %

'H NMR (300 MHz, DMSO) § 7.96 (2H, m), 7.81 (2H, m), 7.41 (2H, d), 7.28 (2H,
t), 718 (1H, t), 657 (1H, s), 6.17 (1H, s), 583 (1H, s), 2.18 (3H, s). (¥*=, 219 18
Fx)

6.6.3. 2-Hydroxy-3-[(5-methyl-[1,3,4]thiadiazol-2-ylamino)-phenyl-methyl]
-1,4-naphthoquinone (NQ19)

2—Amino—5—methyl /“\ /|K
—1.3.4—thiadiazole. N s o
N 3
OH OH

0 0
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Yield : 69 %
'H NMR (300 MHz, DMSO) 6 813 (1H, d), 7.87 (2H, m), 7.72 (2H, m), 7.31 (2H,
d), 719 (2H, t), 7.10 (1H, q), 6.45 (1H, d), 240 (3H, s). (¥F, ¥ 19 F=x)

6.6.4 .2-Hydroxy-3-[(5-methylsulfanyl-[1,3,4]thiadiazol-2-ylamino)-phenyl-
methyl]l-1,4-naphthoquinone (NQ20)

o) Q | N——-N
2—Amino—5— (methylthio) )|\ J\ CH;
O‘ —1.3.4—thiadiazole O ‘ N . I
OH OH
0] 0

Yield : 66 %
'H NMR (300 MHz, DMSO) 6§ 843 (1H, d), 797 (2H, m), 7.83 (2H, m), 7.42 (2H,
d), 7.23 (3H, m), 657 (1H, d), 256 (3H, ). (F+F, 19 20 =)

6.6.5. 2-Hydroxy-3-(phenylamino-phenyl-methyl)-1,4-naphthoquinone (NQ21)

| % :
Aniline ﬁ
Benzaldehyde
OH
O

Yield : 70 %

'H NMR (300 MHz, DMSO) 6§ 7.95 (3H, m), 7.79 (2H, m), 7.41 (3H, m), 7.27 (1H,
q), 7.20 (2H, m), 7.05 (1H, m), 6.83 (1H, t), 6.71 (1H, d), 6.54 (1H, t), 6.03 (1H, s).
(%, 19 21 &%)
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6.6.6. 2-[(4-Bromo-phenylamino)-phenyl-methyll-3-hydroxy-1,4-naphtho
quinone (NQ22)

O Br
O - :
4 —Bromoanihne H
Benzaldehyde
OH
0

Yield : 62 %

'H NMR (300 MHz, DMSO) § 7.96 (3H, m), 7.80 (2H, m), 7.58 (1H, m), 7.46 (1H,
d), 7.22 (5H, m), 657 (1H, s), 6.66 (1H, d), 658 (1H, d), 6.17 (1H, s), 597 (1H, s).
(F5, 19 22 &x)

6.6.7. 2-[(3-Chloro-4-methyl-phenylamino)-phenyl-methyl]-3-hydroxy-1,4-
naphthoquinone (NQ23)

cl
CHy
0 o]
3—Chloro—4—methylaniline H
Benzaldehyde
OH OH
0 o]

Yield : 71 %

'H NMR (300 MHz, DMSO) § 7.96 (2H, m), 7.78 (2H, m), 751 (1H, d), 7.37 (1H,
s), 7.30 (1H, t), 718 (1H, m), 7.00 (1H, q), 6.75 (1H, d), 6.56 (1H, m), 6.17 (1H, s),
59 (1H, s). (¥*F, 19 23 %)
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6.7. General procedure for the synthesis of compounds (NQ24~30)

6.7.1. 2-{[(Furan-2-ylmethyl)-amino]-phenyl-methyl}-3-hydroxy-1,4-naphtho

quinone (NQ24)
0 o l
Furfurylamine H ‘I:| ]|
_— Q
Benzaldehyde
OH OH

2-hydroxy-1,4-napthoquinone 871 mg (5.0 mmol)< ethanol 15mlel] &<l £ <o
furfurylamine 508 mg (5.5 mmol)E& 7t =S A4 5&3F wHkAl 7|31
lawsonate @4 ¥ benzaldehyde 610 uM (6.0 mmol) 7}star Wo] 509 =
T AR "ol ALoA 24A3F Fb wyk stofErh WS- My AH == TLCE &<ls)
I Y o)A whgo] A o wbE AAHES gt F ethanol®} diethyl ether
2 AFE =43 2-{[(furan-2-ylmethyl)-amino]-phenyl-methyl}-3-hydroxy—-1,4-
naphthoquinone< it}
Yield : 69 %
'"H NMR (300 MHz, DMSO) § 7.90 (1H, dd, J=7.68 Hz), 7.82 (1H, dd, J=7.68 Hz),
7.70 (2H, m), 757 (3H, q), 7.31 (3H, m), 6.48 (2H, d), 548 (1H, ). (&, 21&¥ 24
Fx)

6.7.2 2-Hydroxy-3-{phenyl-[(pyridin-3-ylmethyl)-amino]l-methyl}-1,4-
naphthoquinone (NQ25)
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=) l
3—Picolylamine H | =
Benzaldehyde =
OH N
0]

Yield : 68 %

'H NMR (300 MHz, DMSO) § 855 (2H, q), 7.89 (1H, dd, J=7.68 Hz), 7.81 (2H, dd,
J=7.68 Hz), 7.70 (1H, td), 7.58 (3H, m), 7.55 (3H, m), 6.48 (2H, d), 548 (1H, s). (¥
5, 19 25 #=)

6.7.3. 2-Hydroxy-3-{phenyl-[(pyridin-2-ylmethyl)-amino]l-methyl}-1,4-
naphthoquinone (NQ26)

o] I
N
2—Picolylamine O‘ H /\Ej
Benzaldehyde /
OH
0]

Yield : 66 %

'H NMR (300 MHz, DMSO) 6 855 (2H, d), 7.89 (1H, dd, J=7.68 Hz), 7.81 (2H, dd,
J=7.68 Hz), 7.70 (1H, td), 7.58 (3H, m), 7.55 (3H, m), 6.48 (2H, d), 548 (1H, s). (¥
5, 19 26 F=)

6.7.4. 2-Hydroxy-3-[phenyl-(2-pyridin-4-yl-ethylamino)-methyl]l-1,4-naphtho
quinone (NQ27)
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O O A/@
4— (2—AminoethyD pyridine ﬁ
Benzaldehyde
OH OH
0] o]

Yield : 62 %

'H NMR (300 MHz, DMSO) 6§ 844 (2H, d), 7.87 (1H, dd, J=7.68 Hz), 7.79 (1H, dd,
J=768 Hz), 769 (1H, td), 759 (3H, m), 7.31 (5H, m), 557 (1H, s). (¥*=, 28 27
Fx)

6.7.5. 2-Hydroxy-3-[phenyl-(2-pyridin-3-yl-ethylamino)-methyl]l-1,4-naphtho
quinone (NQ28)

I N
O O /\/@
3—(2—AminoethyDpyridine H
Benzaldehyde
OH OH
[¢] [¢]

Yield : 71 %
'H NMR (300 MHz, DMSO) 6 843 (2H, d), 7.89 (1H, dd, J=7.68 Hz), 7.81 (1H, dd,
J=7.68 Hz), 764 (5H, m), 7.31 (4H, m), 557 (1H, s). (¥} &, 19 28 Fx)

6.7.6. 2-Hydroxy-3-{[2-(4-methoxy-phenyl)-ethylamino]-phenyl-methyl}
-1,4-naphthoquinone (NQ29)
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=

/ OCH;
0 o]
2— (4—Methoxyphenyl)
ethylamine H
— |
Benzaldehyde
oH on

Yield : 64 %
'H NMR (300 MHz, DMSO) § 7.89 (1H, dd, J=7.68 Hz), 7.81 (1H, dd, J=7.68 Hz),
769 (1H, td), 7.56 (1H, td), 7.31 (3H, m), 7.10 (2H, d), 6.84 (2H, d), 557 (1H, s),

3.72 BH, s). (#5F, ¥ 29 =)

6.7.7. 2-Hydroxy-3-[phenyl-(2-thiophen-2-yl-ethylamino)-methyll-1,4-
naphthoquinone (NQ30)

| O /\U
2—(2—AminoethyDthiophene ﬁ L
Benzaldehyde
OH OH
O 0

Yield : 68 %
'H NMR (300 MHz, DMSO) 6§ 7.90 (1H, dd, J=7.68 Hz), 7.81 (1H, dd, J=7.68 Hz),
769 (1H, td), 759 (3H, m), 7.32 (4H, m), 6.93 (2H, d), 558 (1H, s), 3.14 (4H, m).

(#5, 219 30 =)

_35_



Az dxed T 9938 A4 FalziF Al A5 fd F 30 F°
naphthoquinone 3t3t&<& a2 437 Fal=f 28 Aestod dx& ICsofts
AT o8] NQ 338E FolA Falxfol A% 97 A Yehue Agyo
2 Ralzfd 24z Tavh e NQ SEES AWtk o F 7% NQ HE

H = Rk
2 AT 4% deiAds 1 uM 759 @2 559 ICsotts HolW Faf 27
M Aoz 5 uM ol 49 e FE9 ICsogto]l YEhY} Adgzon fazFes
Aost= 5S4 F AU
AE 3eEe 7F (NQ 3, 4, 14, 15, 16, 19, 200224 2 3-dichloro-1,4-naptho

quinone®] =7 X3d HF=A 3% 2-formyl-1,4,58-tetramethoxynaphthalene 2]
2-hydroxy-1,4-napthoquinone®] =2 X3td F = 2%

2 7 Ax sHo]l =2 33 E2 NQI6 |1, NQ3, NQ4-2 s. hantzchii

TRt Hold dx=g4d& ®AAH (Table. 3)

Table. 3. Algicidal effects of the various napthoquinones.

IC50(,UM)
Harmful Non-harmful
NO. lgal i Igal i
algal species algal species
(NQ) - - -
Anabaena | Microcystis | C. meneghi Scedesmus | Chloreua
S. hantzchii
flos—aquae | aeruginosa niana obliguus vulgaris
1 4.32 uM >5uM >5uM 0.835 uM >5uM >5uM
2 >5uM >5uM >5uM 0.861 uM >5uM >5uM
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>5uM >5uM >5uM 0.213 uM >5uM >5uM

4.39 uM 3.881 uM >5uM 0.285 uM >5uM >5uM

>5uM 3.76 UM >5uM 4.055 pM >5uM >5uM

1.58 uM >5uM >5uM 0.409 uM >5uM >5uM

1.6 UM 2.23 UM >5uM 248 UM >5uM >5uM

3
4
5
6 0.73 uM >5uM >5uM 4.651 uM >5uM >5uM
7
8
9

0.65 uM >5uM >5uM >5uM >5uM >5uM

10 0.58 uM 1.5 uM >5uM >5uM >5uM >5uM

11 1.45 uM 0.8 uM >5uM 1.544 uM >5uM >5uM

12 4.64 tM >5uM >5uM 3.497 uM >5uM >5uM

13 1.4 uM 3.75 1M >5uM 1.53 uM >5uM >5uM

14 0.39 UM >5uM >5uM 0.826 uM >5uM >5uM

15 0.39 UM >5uM >5uM 0.5 1M >5uM >5uM

16 0.04 uM 0.088 uM >5uM 0.157 uM >5uM >5uM

17 1.54 uM 1.89 uM >5uM 34174 uM >5uM >5uM

18 >5uM >5uM >5uM >5uM >5uM >5uM

19 0.08 uM 0.162 uM >5uM >5uM >5uM >5uM

20 0.198 uM 0.39 UM >5uM >5uM >5uM >5uM

21 0.568 uM 3.18 UM >5uM >5uM >5uM >5uM

22 0.533 uM 1.21 M >5uM >5uM >5uM >5uM

23 0.732 uM 4.1 uyM >5uM >5uM >5uM >5uM

24 >5uM >5uM >5uM >5uM >5uM >5uM

25 >5uM >5uM >5uM >5uM >5uM >5uM

26 >5uM 0.88 uM >5uM >5uM >5uM >5uM

27 >5uM >5uM >5uM >5uM >5uM >5uM

28 >5uM 3.49 uM >5uM >5uM >5uM >5uM

29 2.57 UM >5uM >5uM >5uM >5uM >5uM

30 >5uM 1.92 M >5uM >5uM >5uM >5uM

L AZzS g2E A AYE NQ 3FgE9 2

w
(e}
=
Lo
Z
o
Jo
t
2
i
BN
olr
4,
[

E 23 239 il 2 ¥ vAA g2
Pz

] 4%F0] FaflxFo] AEHZAH wsS Hol: NQ 3IgE 75S AEste] d4E 23
A HAdEH =z &5 4 & FE+= all,4)-naphthoquinone®] =4-& 7|WFo 2+
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2-formyl-1,4,5,8-tetramethoxynaphthalene, 5,8—-dimethoxy-1,4-napthoquinone, 2,3—
dichloro-1,4-napthoquinone, 1,4-napthoquinone, 2-hydroxy-1,4-napthoquinone -zl
2gEl FZ7} electro donating group$l”} electro withdrawing group®l] o8] 2%
gl AolE B tiREe] & AXxFAHE Hole NQ A A3V FxE=
electro donating group®]$1il, Bt} FAS F2E tpA] Zal dAGNr de&75 1

Bzdo] Bl [Coate B3l 32 @ 4 Aot

3. 498 NQ #EA @ #3127

o

Fef W3

AdeElE NQ stgteEel Ax 7#he delaak ¢4 Y WsE dEesiv. b A
162 ol &3t o 1 tMe] =& Agste] d&5d AEAAS
UM microcystic aeruginosa <ol A &3t A3} 24 7HEH
7R e A7) P o® WMl 3A7F ¢hollE Al Edo] |
- o

A]
S Fgalstg ). 6A17F & microcystic aeruginosa &<
= ¢ 4 . (Fig. 8)

& 5 fe AER AT HA EI

Fig. 8. NQ16 1 uM A& % microcystic aeruginosa®l el ¥z (a) control, (b)~
(f) NQ 16 # & %(b: 2hr, c: 3hrs, d: 4hrs, e: bhrs, f: 6hrs.)
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NQ 338E 2-6 4 uyM<S anabaena flos—aquae o #g]3t 23} 3A7F ool AE

chainel Fo1AM #4zk] AEAo] AEHE @Y BAT 5 Atk 94

15 B

A3} anabaena flos—aquae &< 100% AFE = Ao (Fig. 9.)

Fig. 9. NQ16 1 uM A 2] % anabaena flos-aquae®] el #%Z. (a) control, (b)~(f)
NQ 16 A2 3 (b: 2hr, c: 3hrs, d: bhrs, e: 7hrs, f: 9hrs.)

NQ 16 1 uME stephanodiscus hantzchii &ol * 2] A3} 15A17F oo o

BN

:_i]_
A defel e o Wyo] AR AL, 2443 Ay Al 9 ge] WgE = B
g A Axere] HAW 25s gdsiadth (Fig. 100
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Fig. 10. NQ16 1 uM #]2] % stephanodiscus hantzchii®] @& 3% (a) control, (b)
~(f) NQ 16 A2 F(b: bhr, c: 10hrs, d: 15hrs, e: 20hrs, f: 24hrs)

4. 8 4284 S EU NQ #=A9 FA454H7%}

$5E H2BAL wolt NQ FEA 7E AHEgA el Qe AgHE 4ol

%9l zebrafish (danio rerio)E WA o= FAANEHSAHS H7ste] AEA W A& 7}

@ AAe HxEAL dustr] 9% BHow

dichloro-1,4-napthoquinone< A}-&3f 4

H T _lgl‘
Bow grre frAelM %o A&k

S AHgEte FAE FEACdNE ArgY 71
AME A3 545 WERA @ken, dA 3

Fol 2 4 gl
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Zo] vjS4 6 Lol 10vF8] 9] zebrafishE 22t v 59

of NQ19< 25, 2, 1.5 1, 05 uMe] H 25 <EHE stk Ald 717F s+

ARG WA e 242 AJFHHH (static nonrenewal test) &= 7 8 E}FS
o

2]
2= Y wiFzay sdeA dAste] s AT 2443 Ao w

A9 FaAsA

i)
)

al

p

H2or

belo

ol

A

e

Fetow s 2 A3 23

EAN A= 2 2 uMe] ICos 7h

3} A vk 2-hydroxy-1,4-napthoquinone
Zrop & & {913, 5 uMe] aFE
IM7HA] A8 S 3 A3 548



V. 48

2 A= 9 okE, AxA, AvA 5 Ys 5= AF8-¥ = naphthoquinone®] 7]
BE4zE Z7to 2 7]¥€ naphthoauinone %A (1,4-naphthoquinone®9,10-anthra

)k A= Al FEAE st HExF
Aoaass dsstdet. 212u¥ NQ =419 274715

o] FAA7? NQ FEA9 A = AEAATHS 2 714 F22AA (factor)ol] 2
o)

YA
fhn Y

S XS 8l "ol
H2 ot 7125 F A

o] Agat= QA= AES FH, A7, AMEW Fx, AsEH =

A, 3tetE Ao ek WA Solt) Alg¥ Y E m. aeruginosal FElE THEOE 5

m BEQ AAS 7EA I Qo At 7k xR AsetA =S VA= @
Z5rolth. o]H] naphthoquinones WY A T Tl NENAFS Yepdvta &

A Aok AAE 30 T NQ sg=E 5 7 Fol 1 uMe 27] HEFF =4 90% o

o] m. aeruginosa®] MEZE Ao Z AT F At 22} 22 anabaena &9
Rl

F %9l a. flos—aquaes= HE 7 F9 24 (NQ14, 150 A= A3 vge
zke] & HoFRTh m. aeruginosa®] A% 7 &9 FEAC AUl oR A AFgHS
HoFE dbH | g flos—aquaes HU AL FRoME vre AGAS BT T3 At
Hqow dxiFe FERFE TRl H]OH NQ fr=Aol @& A3dds w3k A
ol A Fefgk For deld e HE2RF7F NQol Addel =& AL F3lls A+

T oA, 54a%e Fash FEAAE NQ FEA9 seTx (FA=4d7x ¥

29| charge)elt}. webA]l 1C5-120
o Hrisk Adxadds setarxe Audd #4s Fdskdt WA sAE4
¢l 2-formyl-1,4,5,8-tetramethoxynaphthalene, 5,8-dimethoxy-1,4-napthoquinone, 2,3-
Dichloro-1,4-napthoquinone, 1,4-napthoquinone, 2-hydroxy-1,4-napthoquinone®] X]3}
¥ 27} electro donating group?l 7} electro withdrawing groupell 2]&f 2FzgkA] 9
2ol HAAT i & 4xgA4E Hole NQ =49 A7 -2+ electro
donating group °]9 1, Bt} 7+A% X2 thA] D) YA Gyt HEFEE 1 Ax

4ol wobd e Hal @ + Atk
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A A, dxzddd T A AR E = Ble] sy Aot Aert AFE Bl

< singlet oxgen®] AAH&Y vl BATF =7] wiidd Aoz ¥ =2 54497

= A5 4 9t} singlet oxygenol 213 ROSe| 253 (biocidal power) 1960
gFE AETAe} gskate] #BAle] ettt e ATE 3, th¥gt quinone
Tx9 sIFEEC] A, viold s, g8, FFo] FolA ¢ MESAHS BRioer,

A

53] dxFok v FAREE SAE JHA L e AMle ol AEsteE Fa7]F o] free
radicaldl 93t superoxide®] Aol th  Quinoned ‘oxidative stress’®] #HAE
FHbsA FH o, o]o]A  flavo—enzyme (NADPH-cytochrom-P-450 reductase)3}
mitochondrial NADH-ubiquinone oxidoreductase®] 2|3 semiquinone free radical®]
HA . Semiquinone free radicalZ%E THA] quinonel® HEol7tE A oA
superoxideE A &A ¥ 1 (Fig. 11.), superoxide =5 E hydroxyl radicale] A4 &&=
tl, ]2 DNAC| #g3ate] AlxR e AAsts Aoz A, 22 $29 o
Tol A= singlet oxygen® Aol theh AFEHQ A5 FASHA FUTE vdvt Bx
A (light condition)¥ ¢+Z7A (dark condition) 3}ollAd 1 A ZtE=E 24 AJ7F B¢ m.
aeruginosa®] A Eo H3IE AT u HFERAA 158 GERAEY AlEEo] =
kot hx Stoll M A& MEAE O] HASEATE Wb Reddi 59 A #e}
kA &=, ROS ol &l = 313&E AA7F SA4S 7HA L o] dxRAlxEe APFSS

T AEAE S FES Aoz ARE

0] OH 0O
R
I Tor

NADPH

OCH,O0 OH O-sugar 0;
cytochrome A
P—450 1e”
reductase
O« OH 0
NADP* 0,
R
I S
OCH,0~ OH O-sugar
B

Fig. 11. Electron transfer mechanism for DNA damage by anthracyclines.
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1 9]l % naphthoquinone®] #7<& zta it GFEES DNA EAld Holdts
topoisomerase®] 283t AXEE dAEHE YHEE Aoz dEAd

Naphthoquinone] %F& & @A AFEEHAA L e B FEE52 DNAC AF3H
o ZH DNAS EHA 2 AALE A 3tE intercalation A el ols) F2 AEES A
ks 3oz d#x oy FHto] A4 AH(E KW intercalationol gt @S Al
FRIAAEINE Yl oY A A& WAYUSE T 9GA A HA dAd Eol
] hHEE 9] intercalating =5 DNAEAo] ¥yl topoisomerase M EtE &4
S AFeEN AEEIAAZIAE UEl= Aex B8 X il 3T topoisomerase
0= DNA Ao olo] tf2 DNAE Edst2 =2 AFEQ proliferatione] BH3 #AH
o vt Y E= o]gAhe BHAAE = AEFTHY TAE KT

thekdk 71 2ke] MESHAS B3 2252 naphthoquinone? AZ &4 S 743}
BAY =& sEtd AANE sty 9% HHo®, 7IE NQ VIR ERE WY st
0 &9 NQ #=AE FAdset. dxd4d 3 s+ x 1o FuaAE A6t &

9

= =
T d2dde B dxedl e s & AR ARdY &
G

i&

12

o] 4 m. aeruginosa, a. flos—aquae®} s.
I R %9 NQ fEAE dusgon, 1 %
NQ 169 7} $-93 A4S Brh T3 NQ 169 #lo] tiide] Ul S A1 H

A Well A A 48t TAE FAA T = Fx29 2 TEDTS Ao & = 7]
obd =

o
0%
XN
Mz
ﬂ |
filo
of
ol
=
—_
=
=
o
o
il
o
i)
ol-}J

ol AJEf A Wl 14 gR7F 7ted AoR AtgdEr).
SIAIRF 2-hydroxy-1,4-napthoquinones ©]-&3le] 3dAHE F=AE AL YA
f A o) A zebrafishs o] &3t e =4 A3 = e

to ot
tlo
™,
Og{:,"
o
iih)
i)
i
oX,
-
30
rr
o
o

ol £3] 2.3-dichloro-1,4-napthoquinone
AE ICxo #<= 7ok 2 uME vf§- s xolzl shx|vk 1 H/do] AJejAol ojw
B HAA= mAFol7] Wil HAdeol Hs yEuA & 2-hydroxy-14-
napthoquinone®] §EA49] A7} ALEaA M ojof & Aol FFZE 53 Az
4L B FEA FRIAS vwtor Az BE PRI Addaed o
g AT FER ol FolA Al AEE ¢

F oA REAAA ERA R Ao F US AR Fudn

o

(i,
)
=)
Ho
o
BN
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(¥ 1.) 2-(1,4-Dimethoxy-5,8-dioxo-5,8—-dihydro-naphthalen-2-ylmethylene)-malonic

acid dimethyl ester.
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(¥ 2.) 2-(1,4-Dimethoxy-5,8—-dioxo-5,8-dihydro—2-naphthalenyl)-malonic acid

diethyl ester.
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(z9¥ 3.) 2-(5,8-Dimethoxy-1,4-dioxo-1,4-dihydro—-naphthalen-2-ylmethylene)-malonic

acid dimethyl ester.
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(Zz9¥ 4. 2-(5,8-Dimethoxy-1,4-dioxo-1,4-dihydro—-naphthalen-2-ylmethylene)-malonic

acid diethyl ester.
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(28 5.) 2-Butylamino-5,8—-dimethoxy-1,4-naphthoquinone.
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(28 6.) 2-Cyclohexylamino-5,8-dimethoxy-1,4-naphthoquinone.
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(2¥ 7.) 2-(2-Diethylamino-ethylamino)-1,4-naphthoquinone.
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(28 8.) 2-Cyclohexylamino-1,4-naphthoquinone.
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(9 9.) 2-Chloro-3-[2-(2-hydroxy-ethoxy)-ethylaminol-1,4-naphthoquinone.
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(¥ 10.) 2-Chloro-3-(3-diethylamino-propylamino)-1,4-naphthoquinone.
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(29 11.) 2-Chloro-3-(2-morpholin-4-yl-ethylamino)—1,4-naphthoquinone.
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(¥ 12.) 2-Chloro-3-piperidin-1-yl-1,4-naphthoquinone.
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(¥ 14.) 2-Chloro-3-morpholin-4-yl-1,4-naphthoquinone.
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(28 15.) 2-Chloro-3-(3-hydroxy-propylsulfanyl)-1,4-naphthoquinone.
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(28 16.) 2-Chloro-3-(2-hydroxy-ethylsulfanyl)-1,4-naphthoquinone.
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(28 17.) 2-Hydroxy-3-[phenyl-(thiazol-2-ylamino)-methyl]-1,4-naphthoquinone.
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(29 18.) 2-Hydroxy-3-[(5-methyl-isoxazol-3-ylamino)-phenyl-methyll-1,4-naphtho

quinone.
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(28 19.) 2-Hydroxy-3-[(5-methyl-[1,3,4]thiadiazol-2-ylamino)-phenyl-methyl]
-1,4-naphthoquinone.
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(238 20.) 2-Hydroxy-3-[(5-methylsulfanyl-[1,3,4]thiadiazol-2-ylamino)-phenyl-
methyl]-1,4-naphthoquinone.
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(28 21.) 2-Hydroxy-3-(phenylamino-phenyl-methyl)-1,4-naphthoquinone.
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(28 22.) 2-[(4-Bromo-phenylamino)-phenyl-methyl]-3-hydroxy-1,4-naphthoquinone.
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(¥ 23.) 2-[(3-Chloro—4-methyl-phenylamino)-phenyl-methyl]-3-hydroxy-1,4-naph

thoquinone.
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(23 24.) 2-{[(Furan-2-ylmethyl)-amino]l-phenyl-methyl}-3-hydroxy-1,4-naphtho

quinone.
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(¥ 25.) 2-Hydroxy-3-{phenyl-[(pyridin-3-ylmethyl)-amino]-methyl}-1,4-naphtho

quinone.
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(29 26.) 2-Hydroxy-3-{phenyl-[(pyridin-2-ylmethyl)-amino]l-methyl}-1,4-naphtho

quinone.
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(L@ 27.) 2-Hydroxy-3-[phenyl-(2-pyridin-4-yl-ethylamino)-methyll-1,4-naphtho

quinone.
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(98 28.) 2-Hydroxy-3-[phenyl-(2-pyridin-3-yl-ethylamino)-methyll-1,4-naphtho

quinone.
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(¥ 29.) 2-Hydroxy-3-{[2-(4-methoxy-phenyl)-ethylamino]-phenyl-methyl}

-1,4-naphthoquinone.
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(9 30.) 2-Hydroxy-3-[phenyl-(2-thiophen-2-yl-ethylamino)-methyl]-1,4-naphtho

quinone.
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