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(57) Abstract: The present invention relates to a composition
containing a naphthoquinone derivative for controlling harm-
ful algae and a method for controlling harmful algae using the
same. The composition for controlling harmful algae accord-
ing to the present invention can selectively control only harm-
ful algae that abnormally proliferate in a pond, a reservoir, a
lake, a marsh, a stream, a river, or the like, and thus, the com-
position according to the present invention is very useful in
preventing the formation of a large amount of harmful algae
in freshwater or saltwater and preventing the contamination of
water.
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[86]

[87]

[88]

[89]

[90]

[91]

53], 7] @& 7 (Cyanophyceae) &1 += WFo] L &2 A 2~ E] 2+ (Microcystis),
o}u} ¥ L (Anabaena), o} &= | =(Aphanizomenon), 2.2 2} & 2] o}(Oscillatoria),
2 9] &2 1] 7] 1 o} (Woronichinia) 45 &5 o] Fo X FFol| A AElE 4=l
Hp kA S| = wlo] A 2 A| 22 E] 22 (Microcystis) B2 o} 1 H| L (Anabaena) 45

71 1274 (Bacillariophyceae) 2= = 2= H| 3} 5= 1] 2 7] 2= (Stephanodiscus),
Abol & Z 'l ZH(Cyclotella), A}o] & 2 2~ H] 3} 5= 2+(Cyclostaphanos),

o}-&-2} 7 A o] 2H(Aulacoseira), & & X 2H(Melosira), B 2} A] 2 A 2H(Thalassiosira),
7| & A 2 2~ (Chaetoceros) 2~ 7 #| & Y] nH(Skeletonema), ©} =1 ]| 2~(Achnanthes),
o}~ €] 2] 2 9 2}(Asterionella), O} {FE Al 2} 2~(Acanthoceras), U-H]H 2}(Navicula),
Y = # o}(Nitzschia), U] & 2 U] A] Z~(Diploneis), 41 2 2}(Cymbella),

+ 3 Y] " Gomphonema), =] @ 2}(Surirella), A] Y| = 2+(Synedra),

3 9| & &} 2] o (Fragilaria), 2 $1 = 2 Al 7H(Cylindrotheca), f-7}3] o}(Eucampia),
F2vg]8-(Cosmarium), 2 EFE 2} 2] o} (Tabellaria) < Z 2 ©] Fo] 2l 5ol A
AEl=E 4= 9l 31, vk 517 = 22 E| 3} = T] 227 2x(Stephanodiscus),

Alo) & 2 ' 2 (Cyclotella), = oF& 2} Z A o] 2H(Aulacoseira) & =+ Y 9~ ).

}71 5 Z7F(Chlorophyceae) 2=+ = & 2 2~ H| 2] 5 Al 2x(Closteriopsis),

& 2 28| 2] = (Closterium), 3} ©] = 2 | 7HHydrotheca), 2>3] & 7] 2}(Spirogyra),
1Y E 4] ¥ (Gonatozygon), N E] 1}~ E F(Actinastrum),

n}o] =1 = ] U & (Micractinium), 22 & ©] ¥] o] (Lagerheimia), 9| 2~ € #H(Westella),

-5 2] Y (Eudorina), ¥ 2] Y (Pandorina), & 2~(Volvox),

Y E] @ 27| 2] & (Dictyospaerium), & 2} 2 F 3 (Chlorococcum),

R E g Q I ~(Botryococcus), Z2EF-2} 22 E F(Staurastrum),

& 2 28 2] = (Closterium), %=} 3] t] 2 (Monoraphidium),

SF7] 2~ E & d) 225 2~ (Ankistrodesmus), 2 74| 2] &l 2}(Kirchneriella),

7| v] o} 22 E & (Pediastrum), A Y] 8] 25 2~(Scenedesmus),

F A2 E FH(Coelastrium), 21| 5= T 1} 2(Clamydomonas) 2

= 2 @& (Chlorella) £ 275 o] Fo] A ol A AEl€ 4= ],

7] fi-= Y2 7 (Buglenophyceae) 2++= E 2}7 & ¥ 1} 2~ (Trachelomonas),
9}7] 2~(Phacus), 2 = @l WH(Buglena) & &7 2 o] Fo] Xl Fo| A el
A

471 9} H 2.2 7} (Dinophyceae) = & & @4 2] - (Alecandrium),
2 &Y (Cochlodinium), 3l €] & 7L/\}(Heterocapsa)
3 2 5 A E 2 (Prorocentrum), | 2] U] F (Peridinium), 2 A 2} €] &-(Ceratium) <5
ZHE o] FoAX FF oA AEE = 9t

7] %138 B .27} IRaphidophyceae) =1 AFE 9 2f(Chattonella) 4 27 =
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—t e e e

[113]

[114]
[115]

; 7<1 FA, 7, 85, Aol A H o] = FHEAFA Foll A &5t
oI ol AR Aol o V1 247 By o
A ZIA eF=t) 2oL, Auh F5A A, =9, A= sl AFgE = dE
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ool Mz vk A F WAl 52
Tt o] B AN B 2 e B ,
g o] 917} ol ol she] A §hE A ghizthiz e FUA S Bge] A2
7H Aol ) A % Aol .

B

Az : ¥ ubele] whE el Graol A
Bouhge] hE UXEA: $EASS 0o 2 Yo Azsgr.

[8}8}4] 6] : 2-(((6-Bromo-1H-benzo[d]imidazol-2-yl
)amino)methyl)-5,8-dimethoxy-naphthalene-1,4-dione
g2 R A 97 shell A, Lol A 712 % Schlenk FH ol
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g,
6 bromo-1H-benzo[d]imidazol-2-amine 0.4 g, K,CO; 25 mg, [Cp*IrCL,], 3 mg % el
FA5SmLE F7F R -EFEA T ol F, V] =2 130 °Coll A 12 A %E
ol 719 3 5-9] &% (ambient temperature) = Y25} TH TS 0. 2 A7)
%L%% AFo A FE5A 7], A A3 32 v E 123 3] (hexane: EtOAc =
1to 1:1)ol) ol &l FAste] 3}ete& =53kt
TH:65%
'H NMR (CDCl;, 400 MHz) d 7.38 (s, 1H), 7.09 (s, 2H), 6.91 - 6.83 (m, 3H), 6.08

o[ﬂru

£
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[116]
[117]

[118]

[119]
[120]

[121]

[122]

[123]

[124]
[125]

[126]
[127]

[128]

(bs, 1H), 4.63 (s, 2H), 3.96 (s, 3H), 3.90 (s, 3H), 3.88 (s, 3H), 3.83 (s, 3H).

[8}3+4] 7] : N-((1,4,5,8-Tetramethoxynaphthalen-2-yl
)methyl)-1H-benzo[d]imidazol-2-amine

A2 A B97] ol A, LE-o) A 74 2% Schlenk 7.9l
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g, K,CO; 25 mg, [Cp*I[rCl,],3 mg
R FFA5mLE o] &3to] [3}eh4 719 =& Az A=,
371 EFEZ 130 °CNA 12 AIZEE<F 7HE F, 9] 2 5 (ambient
temperature) = Y73t Oh 02 AV £ ES WA F5HA 7],
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]
eEE& 5

T8 57%

'H NMR (CDCl,;, 400 MHz) d 7.26 (s, 1H & CDCl;, overlapped), 7.24 (d, 2H &
CDCl;, overlapped), 7.01 (d, J = 8.8 Hz, 2H), 6.86 - 6.83 (m, 2H), 4,66 (s, 3H), 3.96 (s,
3H), 3.88 (s, 3H), 3.87 (s, 3H), 3.79 (s, 3H).

[8}3}4] 8] : 5-Methyl-N-((1,4,5,8-tetramethoxynaphthalen-2-yl
)methyl)-1H-benzo[d]imidazol-2-amine

A2 A B97] ol A, LE-o) A 74 2% Schlenk 7.9l
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g, K,CO; 25 mg, [Cp*IrCL],3 mg
R EFRN S mLE o] &8t [3Fe14 819 st & Azt FAH R,
71 EEELS 130 °Coll A 12 ARE 53 7FE F, 559] 2 5 (ambient
temperature) = Y73t Oh 02 AV £ ES WA F5HA 7],
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]
Bgee FEHAT

T8 60%

'H NMR (CDCl;, 400 MHz) d 7.21 - 7.05 (m, 2H), 6.90 - 6.82 (m, 4H), 6.08 (bs,
1H), 4.65 (s, 2H), 3.96 (s, 3H), 3.88(s, 3H), 3.87 (s, 3H), 3.84 (s, 3H), 2.37 (s, 3H).

[8}2}4] 9] : 5-Chloro-N-((1,4,5,8-tetramethoxynaphthalen-2-yl
)methyl)-1H-benzo[d]imidazol-2-amine

A2 A B97] ol A, LE-o) A 74 2% Schlenk 7.9l
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g, K,CO; 25 mg, [Cp*I[rCl,],3 mg
R ZFFA5mLE o]&3to] [3}514] 919 =& Az AT Ao,
371 EFEZ 130 °CNA 12 AIZEE<F 7HE F, 9] 2 5 (ambient
temperature) = Y73t Oh 02 AV £ ES WA F5HA 7],
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]

e FS5ac
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[129] 5 50%
[130] 'H NMR (CDCls, 400 MHz) d 7.22 (d, J = 6.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.67

[131]
[132]

[133]

[134]
[135]

[136]
[137]

[138]

[139]
[140]

[141]
[142]

[143]

(d, J=8.0Hz, 1H), 6.91 - 6.84 (m, 3H), 4.62 (s, 2H), 3.96 (s, 3H), 3.92 (s, 3H), 3.90
(s, 3H), 3.87 (s, 3H).

[2}3}4] 10] : 5-Methoxy-N-((1,4,5,8-tetramethoxynaphthalen
-2-yl)methyl)-1H-benzo[d]imidazol-2-amine

g2 R A 97 shell A, Lol A 712 % Schlenk FH ol
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g, K,CO; 25 mg, [Cp*I[rCl,],3 mg
R FFA5mLE o]-&3to] [3}H4] 1019 3=+ ALt 744 o =2,
371 EFEZ 130 °CNA 12 AIZEE<F 7HE F, 9] 2 5 (ambient
temperature) 2 Y7} AT th o2, V] L3S A A sEHA17] 4,
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]
eEE& 5

T8 70%

'H NMR (CDCl;, 400 MHz) d 7.07 (d, J = 8.6 Hz, 1H), 6.87 - 6.79 (m, 3H), 6.71
6.67 (m, 1H), 4.63 (s, 2H), 3.93 3.70 (m, 15H).

[2}8}4] 11] : 5-Fluoro-N-((1,4,5,8-tetramethoxynaphthalen-2-yl
)methyl)-1H-benzo[d]imidazol-2-amine

A2 A4 F17] el A, 8ol A4 712 % Schlenk -+
(1,4,5,8-tetramethoxynaphthalen-2-yl)methanol 2.1 g, K,CO; 25 mg, [Cp*I[rCl,],3 mg
R EFA5mLE o] &35k (3152 1119] 3lete& Al =8 A2 02,
7] Z3E2 130 °Coll A 12 Al g &]F 7L 2, 9 5 (ambient
temperature) 2 Y7} AT th o2, V] L3S A A sEHA17] 4,
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]
S3HES FE8 T

TE:45%

H NMR (CDCl;, 400 MHz) d 7.21 (s, 1H), 6.98 (s, 1H), 6.90 6.84 (m, 2H), 6.75
6.71 (m, 1H), 6.25 (bs, 1H), 4.64 (s, 2H), 3.96 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 3.82
(s, 3H).

[3}34 121, [3H3H4] 13]:
1-(6-bromo-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)amino)-1H-benzo[d]
imidazol-1-yl)ethan-1-one, 1-(5-bromo
-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)a
mino)- 1 H-benzo[d]imidazol-1-yl)ethan-1-one

2ol A 1 AIZE 5 9F CHCL S mL 5wk [3}5)2] 6]9] 313 100 mg 2
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[144]
[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

NaH 13mg®l Ac,0 54 mg= =0l A dA7F8lSlt). 4 Al 5 9§ 23 &2
AEelA 55 L A=A AF=s 230 T¢etaL, CHCLE F537 F,
SHAZ T

o, S A AR rkE 1o (hexane:EOAC = 4:1 o LDl <] 3
slo] (3182 12] 2 (3] 1319 R 33 ES .19 B &=

e

FEES B ARSI, NSO, 4ol A 7128t 00, 715 sk A
A
97

[3}3}4] 14]: 1-(2-(((1,4,5,8-Tetramethoxynaphthalen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

AF2-ol| A 1 Al ZF E<t CH,C1,5 mL < WHEE [g}zﬂ/u 7] 9] &3 100
NaH 13mg®l Ac,0 54 mg= =24 @78t} 4 Al {F 3 w98 238-&
AFeA 5 2L A2 FHG AFES B4 st CHzClzfﬁ s
FEES BE AHEIL, NaSO, el A A xst3l o, X3 ol A Z
x|k o 7 S Al Al I 2 v E 13 3] (hexane:EtOAc = 4:1 to 1:1)°1] 2] &l
AAsE] [8Fek4] 14]19] L FFo FFES F5EIAT FE:91%

'H NMR (CDCl;, 400 MHz) d 8.16 8.12 (m, 1H), 7.47 (d, /=8.2 Hz, 1H), 7.45 (d, J
=8.2 Hz, 1H), 7.10 7.06 (m, 2H), 6.84 (d, J = 2.0 Hz, 2H), 4.96 (d, J = 2.0 Hz, 2H),
3.95 (s, 3H), 3.91 (s, 3H), 3.85 (s, 3H), 3.83 (s, 3H), 2.76 (s, 3H).

[3}3+4 15], [3H3H4] 16]:
1-(6-Methyl-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)amino)-1H-benzo[d
Jimidazol-1-yl)ethan-1-one, 1-(5-methyl-2-(((1,4,5,8-tetramethoxynaphth alen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

Aol A 1 Al ZE 59 CH,CL S mL 5 2 HEE [3}38) 4] 819 313E 100 mg 2
NaH 13mge°ll Ac,0 54 mg< Aol A H7Fstit) 4 Al 3 Uk 535S
AFo A 55 L AXA A AdFES B9 312 CH2C12§L FET
FEES 52 AAH AL, NaS0, ol A Az3t3l e, 213 shell A T8 H
npx|aro g ZfA] Ay e 1 IL](hexane'EtOAc =4:1to 1:1)°l] 2] 3]
AAske] [3he14] 15] R [3}FoH2] 16]9] aLF 9] 3=+ 112 Bl a2
F5oA T 8 86%

>

[3}3H4 171, [3F3H4] 18]
1-(6-Chloro-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)amino)-1H-benzo[d
Jimidazol-1-yl)ethan-1-one, 1-(5-chloro-2-(((1,4,5,8-tetramethoxynaphth alen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

Aol A 1 Al ZE 59 CH.CL S mL 5 2 HEE [3}8) 4] 9]19] 313+E 100 mg 2
NaH 13mge°ll Ac,0 54 mg= 2ol A H7Fstit) 4 Al 7F 3 Uk 535S

=3

AgelM 55 A AXA R AFrES B0 238t CHzClzfﬁ FE=T T,



23

WO 2017/095051 PCT/KR2016/013447
FEES 22 AFSHAL, Na,SO, Aol A Azstgl o, 23 st A A 2 T
x|k o 7 S Al Al I 2 v E 13 3] (hexane:EtOAc = 4:1 to 1:1)°1] 2] &l
A ske] [3F8F2] 17] 2 (3}8h4] 18]1¢] a1 H-2] 33t =8 1:19 v &2
T3 T 5 80%

[154]
[155]

[156]

[157]

[158]

[159]

[160]
[161]

[162]

[3}34 191, [3H3H4] 201
1-(6-Methoxy-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)-amino)-1H-benzo
[d]limidazol-1-yl)ethan-1-one, 1-(5-methoxy-2-(((1,4,5,8-tetramethoxynaphthalen-2-
yl)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

Aol A 1 Al {E E<QF CH,CL 5 mL 5 nLREE [3182] 10]1¢] &3t= 100 mg 2
NaH 13mg®l] Ac,0 54 mg& 7=l A A7ttt 4 A3 93 £33 &8
Aol A 5= 2 A2 7l XHTE = Z9shaL CHZCIZE T8 5,
FEES 52 AAH AL, NaS0, ol A Az3t3l e, 213 shell A T8 H

Ao g ZYAl A F=nE 18 3] (hexane:EtOAc = 4:1 to 1:1)°l] 2] 3]
AAste] (318H2] 19] D [38H2] 201¢] a1 R S 1:19] v B2
FEFATE 785 91%

=

O

[3}3H4 211, [3H3H4] 221
1-(6-Fluoro-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)amino)-1H-benzo[d]
imidazol-1-yl)ethan-1-one, 1-(5-fluoro-2-(((1,4,5,8-tetramethoxynaphth alen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

Ao A 1 Al ZF & <9F CH,CL S mL 5 nlHbE [3}812] 11]19] $13HE 100 mg 2
NaH 13mge°ll Ac,0 54 mg< Aol A H7Fstit) 4 Al 3 Uk 535S
AFANA 55 D A=A HT FFES B9 238ta CH2C12§L FET
FE2ES 52 AFHEAL, NaS0, ol A Ax3t3l e, 213 dtol A Z8A H T
x| o g ZA] AY ARntE 1 (hexane'EtOAc =4:1to 1:1)°l] 2] 3]
AAsre] (384 19] 2 [3}8H2] 2019 g E] FFES 1119 B &R
FEEAT 8 78%

[8}8}4] 23]: 2-(((6-bromo-1H-benzo[d]imidazol-2-yl

)amino)methyl)-5,8-dimethoxy-naphthalene-1,4-dione

0 °Col| A, o} Al E1] E & (acetonitrille) 2 mL % [8}812) 12] 2 [&}814] 13]19]
3 E1: DOl E0.5mL)ol ¥ IR E AlFEAV) Yol Ed o] E 206 mgS
A7Fel 3 (A 7F Fot wnkslgict) wkso] k& B2 drtsta, AAEH
“~J(aqueous phase)E CH;CLZ FE3A 0. 77152 =3 92 A 4 8}l Na,
SO, ol Axat o, 7Sk stoll A FHA 2 viA o =2, HeiA] A+
A2 v}E 12 3] (hexane:EtOAc = 1:1)°] 2] & A A 5}o] [8}8}2] 2312] 118+ 2]
=2 TR 78 21%
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[163] 'H NMR (CDCl;, 400 MHz) d 7.50 (s, 1H), 7.36 (s, 1H), 7.12 (d, J = 8.2 Hz, 1H),
7.08 (d, J=8.2 Hz, 1H), 6.78 (d, J = 5.7 Hz, 2H), 4.86 (bs, 1H), 3.88 (s, 6H).

[164]

[165] [3}3}4] 24]: 2-(((1H-Benzo[d]imidazol-2-yl)amino)methyl)-5,8-dimethoxy
-naphthalene- 1,4-dione

[166] 0°Col| A, o} Al E Y E H(acetonitrille) 2 mL & 2 HFE [3}3812] 14]2] 33} = 9
E(0.5mL)ol &l ¥ &= AFAV) HolEd o] E 206 mgs H M & 1/«1 4y
FQF WS Th vhEo] B ¥, =& HUbshal, A E 4 L(aqueous phase) &
CH.CLE F=3A . F752 =3 992 A% 31l Na,S0, el A
Azt e, 245 sl sH Az vpA o 2 S A A
A2 v}E 12 3] (hexane:EtOAc = 1:1)°] 2] & A A 5}o] [8}8}2] 24]12] 118+ 2]
332 Tt 78 21%

[167]

[168] [3}8}4] 25]: 2-(((1-acetyl-6-bromo- 1H-benzo[d]imidazol
-2-yl)amino)methyl)-5,8-dimethoxy-naphthalene- 1,4-dione

[169] -40 °Col| A, o} Al E Y E & (acetonitrille) 2 mL 5 [88+4] 12] ¥ [3}8}2] 1319
S35 80 mg (1:1)°]] (0.5 mL)ol &3l ¥ 42w AFAV) Uol E# o] E 206
mg_ A7b3E A 7F BoF ket th vk o) BY & B8 Hylala, A

“~“}(aqueous phase)E CH,CLE F&3 ). 77158 53 92 A 2 8}aL Na,

SO, A Az o, ek sel A A ATk v o, B A
A2 v E 78 9 (hexane:EtOAc = 5:1)°l 2] &l g A| 5l [&}8}2] 25]12] 218 F-2]
S3HE 2 TSIt 78 36%

[170] 'H NMR (CDCl;, 400 MHz) d 8.33 - 8.29 (m, 0.5 H), 8.26 8.24 (m, 0.5 H), 7.56 (d, J
=4.0Hz, 1H), 7.52 (d, J= 6.4 Hz, 1H), 7.38 (d, /= 8.4 Hz, 0.5 H), 7.21 7.17 (m, 1.5
H), 6.78 (s, 1H), 4.86 (d, J = 6.0 Hz, 2H), 3.95 (d, J = 3.6 Hz, 3H), 3.92 (s, 3H), 2.76
(d, J=6.0 Hz, 3H).

[171]

[172]  [33H4] 26]: 2-((1-Acetyl-1H-benzo[d]imidazol-2-yl
)amino)methyl)-5,8-dimethoxy-naphthalene-1,4-dione

[173] -40 °Col| 4], o} Al =Y E H (acetonitrille) 2 mL 5 [&}3}2] 14]9] 3}31E= 80 mgoll
(0.5 mL)°l &3lE =i AFaAV) Yol E#l ol E 206 mge H7HsE 2 1A 1F
Zot wHkslg ) vh-go] Bt 3 B8 AHbsta, A "/‘}(aqueous phase) &
CH.CLE F%3}31th. 77| i% B 4= AH o}ﬂ Na,SO, 7ol A1
Azt o, sk st A B EA AT iAo, EejA] 2
iiﬂ}ilﬂ]vq(hexane'EtOAc: 5:1)°ll & A A s}l (3} 2619 213 F-2
stetE 2 5. 781 40%

[174] 'H NMR (CDCl;, 400 MHz) d 8.35 8.33 (m, 1H), 7.59 (s, 1H), 7.42 7.40 (m, 2H),
7.09 (t, J =8.0 Hz, 1H), 6.78 (s, 2H), 4.90 (d, J = 6.4 Hz, 2H), 3.95 (s, 3H), 3.93 (s,
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3H), 2.78 (s, 3H).

[175]

[176] [8}8}4] 271, [8}8}4] 28] : tert-butyl 6-bromo
-2-(((1,4,5,8-tetramethoxynaphthalen-2-yl)methyl)amino)- 1H-benzo[d]imidazole-1-car
boxylate, tert-butyl 5-bromo-2-(((1,4,5,8-tetramethoxyna phthalen-2-yl
)methyl)amino)-1H-benzo[d]imidazole-1-carboxylate

[177] AF2-o| 4, MeOH 5 mL 5 2LHEH [3}812] 6]29] &3& 100 mgell Boc,O 195
mgE H7bsto] 12 A HEt RESAIZ & WS35 & =2 A 5ta,

T

DCMO. = & o}oﬂ U FE=5 =2 Al A8l Nap,S0, ol A 283 o,
2 Fstol| A F3e F ZulA] A9 A2k 18 3] (hexane:EtOAc = 6:1)°l] 2] 3
Al 5o J—ﬁé%J [3}st2) 2719 s}et&t 318k 2819 3125 5T
T8 1 39% (3} 312 27), 45%(3} 512 28)

[178] (3}312] 27) 'TH NMR (CDCl,, 400 MHz) d 7.74 (s, 1H), 7.52 (d, J = 9.6 Hz, 1H),
7.32 7,25 (m, 1H),7.03 (s, 1H), 6.84 (s, 2H), 4.91 (d, J = 6.4 Hz, 2H), 3.95 (s, 3H),
3.91 (s, 3H), 3.89 (s, 3H), 3.82 (s, 3H), 1.67 (s, 9H).

[179] (3}312] 28) tTH NMR (CDCls, 400 MHz) d 7.53 (s, 1H), 7.43 (d, J = 9.6 Hz, 1H),
7.14(d, J=9.6 Hz, 1H), 7.03 (s, 1H), 6.87 (d, / = 9.8 Hz, 2H), 4.92 (d, / = 5.5 Hz,
2H), 3.95 (s, 3H), 3.91 (s, 3H), 3.89 (s, 3H), 3.82 (s, 3H), 1.65 (s, 9H).

[180]

[181] [2}3}4] 29]: tert-butyl 5-bromo-2-(((5,8-dimethoxy-1,4-dioxo
-1,4-dihydronaphthalen-2-yl)methyl)amino)- 1 H-benzo[d]imidazole-1-carboxylate

[182] 0 °Col| A, o} Al 21 E H(acetonitrille) 2 mL & 2 HFE [3}3812] 28]9] 331 & 36
mgell (0.5 mL)°ll &8 dEF AFAV) HolEd o E 64 mgs H7H F
1A ZF EoF 1 HPo}Oﬂu} Hh2o] k& &9 A3 HrFeta, A E 4
§o0g CHCLE %810tk §715& B3 958 A H 8k Na,S0, 4 A
289 0m, 8F Spel A s EA AT A vto 2 E oAl A

A2 v}E 12 3] (hexane:EtOAc = 5:1)° 2] & A A 5}o] (8182 29]12] 118+ 2]
=2 TR 78 59%

[183]  'HNMR (CDCl,, 400 MHz) d 7.74 (s, 1H), 7.57 (br s, 1H), 7.31 (s, 2H), 7.20 (d, J =
7.2 Hz, 1H), 6.78 (s, 1H), 4.68 (d, J= 6.4 Hz, 1H), 3.97 (s, 3H), 3.94 (s, 3H), 1.75 (s,
9H).

[184]

[185] [3}8}4] 30]: N-((1,4-dimethoxynaphthalen-2-yl)methyl)benzo[d]thiazol-2-amine

[186] Ao A, Tt ube Zef A0l &3 -E 550 mg, benzo[d]thiazol-2-amine 280
mg, sodium hydroxide 85 mg @ 5 2 mLE 7} 2 E31asit) v 2325
120 °Coll A 1547 &<t 7?“/‘1 715, 4202 YA 7] AL, Z1 & atell A

=3 npx| o 2 2 A A A EnbE 18 3] (hexane:EtOAc = 2:1)°]]
4 el JAlsto] (3t 3019 LG W2 =S FEEATE FH:69%

<l
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[187] 'H NMR (CDCl;, 400 MHz) d 8.24 (d, /= 8.2 Hz, 1H), 8.07 (d, /= 8.2 Hz, 1H), 7.60
- 7.48 (m, 4H), 7.35 7.31 (m, 1H), 7.14 7.10 (m, 1H), 6.82 (s, 1H), 5.71 (s, 1H), 4.85
(s, 2H), 3.96 (s, 3H), 3.95 (s, 3H).

[188]

[189] [3}8H4] 31]: N-((1,4- Dimethoxynaphthalen-2-yl)methyl)benz0[d]oxazol-Z-amine

[190] AHloﬂ A, T vk Eef 2~ 200 238 550 mg, sodium hydroxide 85 mg 2

ol 2mLE ol §3ke] (31814 31)¢] B E S AxsRTh TAL o=,
ol 24 HEEZ 35S 120 °Coll A 15A1%F F <t 7}@7«]74 T Aeowm
A7 7], AFEe) A s E e vhH o g Feal A
A2 v E 78 9 (hexane:EtOAc = 2:1)°l 2] &l g A 5} o] [&}812] 31]19] 18 F-2
stetE 2 5. 78 70%

[191] 'H NMR (CDCl,;, 400 MHz) d 8.21 (d, J = 8.0, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.53
7.44 (m, 2H), 7.28 (d, J=7.6 Hz, 1H), 7.23 (d, /= 7.6 Hz, 1H), 7.10 7.06 (m, 1H),
7.01 6.97 (m, 1H), 6.78 (s, 1H), 6.31 (s, 1H), 4.83 (s, 2H), 3.88 (s, 3H), 3.86 (s, 3H).

[192]

[193]  [3}8H4] 32]: N-((1,4-Dimethoxynaphthalen-2-yl
)methyl)-5- ﬂuorobenzo[d]oxazol—Z amine

[194] ”goﬂ A, T v ek o) ehaE 550 mg, sodium hydroxide 85 mg %

Fl 2 mLE o] &3te] [3}e14 3219 3}gte& Azl AR,
o]C,] HE2 2SS 120 °Col| A 15A]%F Z=¢F }Oﬂ/\] 1> ALor
WA 7151, R gatell A w58l vh viA o =2, S A A
A2 v E 78 9 (hexane:EtOAc = 2:1)°l 2] &l g A 5} [&}812] 32]2] 218 &2
=2 FEEAT 78 63%

[195] 'H NMR (CDCl;, 400 MHz) d 8.22 (d, /= 8.2 Hz, 1H), 8.02 (d, / = 8.2 Hz, 1H), 7.55
- 7.36 (m, 2H), 7.14 7.10 (m, 1H), 7.02 - 6.96 (m, 1H), 6.77 (s, 1H), 6.70 - 6.78 (m,
1H), 6.14 (s, 1H), 4.82 (s, 2H), 3.90 (s, 3H), 3.88 (s, 3H).

[196]

[197]  [3}34] 33]: 5-Chloro
-N-((1,4- dimethoxynaphthalen—Z—yl)methyl)benzo[d]oxazol—Z—amine

[198] Aol A, Tt e SEk 20 &2 550 mg, sodium hydroxide 85 mg 2
el 2mLE o] g3ke] [3h8}4] 3319 BB Az TALOR
o] &9l Wh-ZZ &5 120 °Coll A 1541 7F &<t 7HE /«] N5 4o
WA 7151, g atell A w58tk v o2 S A 74 =
A2 v}E 12 3] (hexane:EtOAc = 2: 1) 2] & A A 5}o] [8}8}2] 33]12] 118+ 2]
=2 FEEAT 8 64%

[199] 'H NMR (CDCl;, 400 MHz) d 8.25 (d, /= 8.2 Hz, 1H), 8.06 (d, /= 8.2 Hz, 1H), 7.60
7.56 (m, 1H), 7.54 7.50 (m, 1H), 7.35 (s, 1H), 7.16 (s, 1H), 7.03 6.99 (m, 1H), 6.80 (s,
1H), 5.23 (s, 1H), 4.85 (s, 2H), 3.96 (s, 6H).
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[200]

[201]  [3}3}4] 34]: 6-Chloro
-N-((1,4- dimethoxynaphthalen—Z—yl)methyl)benzo[d]oxazol—Z—amine

[202] AHloﬂ A, T vk Eef 2~ 200 238 550 mg, sodium hydroxide 85 mg 2

Fl2mLE o] &3te] (3154 34]¢] g et=& Az Al o=,
Ol E9 WHE-Z3HES 120 °Coll A 15A17E St 7FAAI &, e o'
@A 710, gl M FFe vk v e s, S -
A2 v E 78 9 (hexane:EtOAc = 2:1)°l 2] &l g A| 5} o] [&} 812 34]2] 218 F-2]
seE& 5 AT 8 66%

[203] 'H NMR (CDCl;, 400 MHz) d 8.24 (d, J = 8.8 Hz, 1H), 8.05 (d, /= 8.8 Hz, 1H), 7.58
7.54 (m, 1H), 7.52 7.48 (m, 1H), 7.25 (d, 1H &CDCl; overlapped), 7.15 7.11 (m, 1H),
6.79 (s, 1H), 5.65 (s, 1H), 4.83 (s, 2H), 3.98 (s, 1H).

[204]

[205]  [3}3H4] 35]: 5-Chloro
-N-((1,4- dimethoxynaphthalen—Z—yl)methyl)benzo[d]thiazol—Z—amine

[206] AHloﬂ A, T vk Eef 2~ 200 238 550 mg, sodium hydroxide 85 mg 2

Foll 2mLE o] &3t [3Fe14 3519] B eh= & AlLsk vk Al A o2,
ol =9 v iﬂ% S 120 °Cell Al 15AXF F <t 7}@/«1 A5 8o
QZHA 715, AT A S FH ek Ao R, oA A
iﬂ}Elﬂ]A(hexane:EtOAc =2:1)°ll o3 A 5}o] [3}8F2] 35]19] a1E H-2
s 5T 78 66%

[207] 'H NMR (CDCl;, 400 MHz) d 8.23 (d, J = 8.2 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.58
- 7.44 (m, 4H), 7.08 7.04 (m, 1H), 6.78 (s, 1H), 4.82 (s, 2H), 3.95 (s, 3H), 3.92 (s, 3H).

[208]

[209]  [3}8H4] 36]: N-((1,4-Dimethoxynaphthalen-2-yl
)methyl)-5- (triﬂuoromethyl)benzo[d]thiazol 2-amine

[210] Aol A, Tt e SEk 20 &2 550 mg, sodium hydroxide 85 mg 2

E 7 2mLE o]&3ke] [3Feh 3619 3= A2k Al A e’
] = /] ]- o) E_K]—%E 120 ocoﬂj\i 15/\] 7]_ Eo}- 7].0&/\] 7] 6 /\1—& eR=4
BAA7]AL, gl A s Hekglvh v s e g, YA 74 #
A2 v}E 12 3] (hexane:EtOAc = 2: 1) 2] & A A 5}o] [8}8}2] 36]2] 113 +2]
s 5T 78 51%

[211] 'H NMR (CDCl;, 400 MHz) d 8.24 (d, / = 8.2 Hz, 1H), 8.06 (d, /= 8.2 Hz, 1H), 7.81
(s, 1H), 7.67 (d, J = 8.2 Hz, 1H), 7.59 7.55 (m, 1H), 7.52 7.48 (m, 1H), 7.36 7.32 (m,
1H), 6.79 (s, 1H), 5.93 (s, 1H), 4.85 (s, 2H), 3.96 (s, 3H), 3.85 (s 3H).

[212]

[213] [3} 84 37]: 2-((benzo[d]thiazol-2-ylamino)methyl)naphthalene-1,4-dione

[214]  0°CelA], o}lA E Y E H(acetonitrille) 1 mL & nHHH [8}8}14] 3012 3}5HE 40
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[215]

[216]
[217]
[218]

[219]

[220]
[221]
[222]

[223]

[224]
[225]

[226]

mg°ll =(0.5 mL)°l &3]¥ ¢Ea AFav) HolEd ol E 163 mgs H7He &

¢ ol ¥ T, E5 8] Hrhstal, A H 74
S NS CHCLE FE383th f715s 594 952 A A8} 3L Na,S0, el A
Azstglom, 28k stell A sHAZ ok mpA o2, S A9
A2 v E T8 9 (hexane:EtOAc = 3:1)°l 2] &l g A &}o] [&}812] 37]¢] 18 &2
S ES FENY. 5 61%

'H NMR (CDCl, 400 MHz) d 8.12 (d, J = 3.5 Hz, 1H), 8.11 (d, J = 3.5 Hz, 1H), 7.76

(d, J=3.2 Hz, 2H), 7.34 7.27 (m, 1H), 7.15 7.09 (m, 1H), 7.05 (s, 1H), 5.76 (s, 1H),
4.86 (s, 2H).

[3}8}4] 38]: 2-((Benzo[d]oxazol-2-ylamino)methyl)naphthalene-1,4-dione

0 °Col| A, o} Al E Y E H(acetonitrille) 1 mL & wHFH [3}312] 31]19] 313 = 40
mgoll =(0.5 mL)°ll &3 € 5w AFAV) el EH Ol E 163 mgs H7He F
1A ZF =9F ka9 o) u}p_o] o} 5 — ES AH3F] A 7]-0}—7 A =AY
& NE CHCLE &3t} §7158 B3 952 Al H 8} Na,SO, ol A
nzspR o, 7St stoll A FFAZ T vpA o2 S Al Y
A =ZnbE 13 9] (hexane:EtOAc = 3:1)°l o] 8l A Al sto] [8}3}2] 38]9] 113 -9
stgt=& 75T 78 65%

'H NMR (CDCl;, 400 MHz) d 8.12 (d, J = 3.5 Hz, 1H), 8.11 (d, /= 3.5 Hz, 1H), 7.76
(d, J=3.2Hz, 2H), 7.34 7.27 (m, 1H), 7.15 7.09 (m, 1H), 7.05 (s, 1H), 5.76 (s, 1H),
4.86 (s, 2H).

[} 8}4] 39]: 2-(((5-Fluorobenzo[d]oxazol-2-yl)amino)methyl)naphthalene-1,4-dione
0 °Col| A, o} Al E Y E H(acetonitrille) 1 mL & wHFH [3}3812] 32]19] 313 = 40

mgell =(0.5 mL)°ll &3 ¥ 2w AEAV) ol Ed | E 163 mgs H7H 3
LA ZF B9t kST whso] i & 52 HH3| Artsta, AAH 4
| NE CHCLE F=3tth 77]15& &3 972 Al % 5HaL Na,SO, 7ol A
Azl o, 743k sfol A s HA ATk iAo g o)A A
A2 vFE 13 9 (hexane:EtOAc = 3: 1)l &l &l A A|8te] (3812 3919] 118 ¥-9
=2 T 8 54%

'H NMR (CDCl;, 400 MHz) d 8.12 (d, /= 8.9, 1H), 8.08 (d, /= 8.9, 1H), 7.79 7.77
(m, 2H), 7.18 7.14 (m, 1H), 7.08 7.05 (m, 1H), 7.03 (s, 1H), 6.78 6.73 (m, 1H), 5.82 (s,
1H), 4.61 (s, 2H).

[2}2}4] 40]: 2-(((5-Chlorobenzo[d]oxazol-2-yl
)amino)methyl)naphthalene-1,4-dione

0 °Col| A, o} Al E Y E H(acetonitrille) 1 mL & wHFE [3}312] 33]19] 313 = 40
mgoll £(0.5 mL)°l &3lE ¢ EF AFAV) Yol EZ ol E 163 mges 7+
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IAIZE & _F ksl i o REg-o] ¥k 3 B-5 33| Hobshar, A H 74
NS CHCLE FE3I3th 7715 s =3 975 Al F 8t Na,S0, 7ol A
Shg o, 24} shol A 53 A AT PhA o = EeA A

A2 v}E 12 3] (hexane:EtOAc = 3: 1)l 2] & A A 5}o] [8}8}2] 40]19] 118+ 2]
stetE 2 5 Y. 781 59%

[227] H NMR (CDCl;, 400 MHz) d 8.12 (d, J = 8.6 Hz, 1H), 8.08 (d, /= 8.6 Hz, 1H), 7.75
(s,2H), 7.17 (d, J=8.0 Hz, 1H), 7.15 (d, /= 8.0 Hz, 2H), 7.02 (s, 1H), 7.00 (d, /= 8.0
Hz, 1H), 5.82 (s, 1H), 4.62 (s, 2H).

[228]

[229] [2}3}4] 41]: 2-(((6-Chlorobenzo[d]oxazol-2-yl
)amino)methyl)naphthalene-1,4-dione

[230] 0 °Col| A, o} Al &Y E H (acetonitrille) 1 mL - W [3}312] 3419] 313 &
mgel &(0.5 mL)°ll &2 ¥ FEF AFAV) Hol E ol E 163 mgs H7He ?
IAIZE E)F ksl et vh-g-o] B %, =& 8] Hrbetar, A E 4
| NE CHCLE F=33th 77]15& &3 972 Al #5HL Nap,SO, 7ol A
AzsROm, e ol A BHA AL vp o 2 B A
A2 v} E 78 9 (hexane:EtOAc = 3:1)°l] 2] &l g A5} o] [&}8}2] 4119] 118 F
S22 S S8 61%

[231] 'H NMR (CDCl;, 400 MHz) d 8.12 (d, J = 8.6 Hz, 1H), 8.07 (d, / = 8.6 Hz, 1H), 7.77
(d, J=8.6 Hz, 2H), 7.26 (s, 1H & CDCl;, overlapped), 7.25 (d, 1H & CDCl;,
overlapped), 7.24 (d, J = 8.0 Hz, 1H), 7.03 (s, 1H), 5.79 (s, 1H), 4.62 (s, 2H).

Lo

[232]

[233] [3}8}4] 42]: 2-(((5-Chlorobenzo[d]thiazol
-2-yl)amino)methyl)naphthalene-1,4-dione

[234] 0 °Col| A, o} Al E1] E H (acetonitrille) 1 mL & nlWEE [8}8}H24] 3519] 3}3&
mgell (0.5 mL)°ll &8 LEF AEAV) Ul Ed ol E 163 mgs {7 ?
1A ZF =9F o HLO}Oﬂu} HtSo| I 52 HH3| drtsta, AAH =4
§o0g CHCLE %810tk §715& B3 958 A H 8k Na,S0, 4 A
Azepgleom, 7k stoll M sHA G A e w2, A -

A2 v}E 12 3] (hexane:EtOAc = 3:1)°l 2] & A A 5}o] [8}8}2] 42]19] 118 H-2]
s 5T 78 57%

[235] 'H NMR (CDCl;, 400 MHz) d 8.14 8.10 (m, 1H), 8.09 8.05 (m, 1H), 7.79 7.75 (m,
2H), 7.52 (s, 1H), 7.47 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 8.4, 1H), 7.04 (s, 1H), 5.74 (s,
1H), 4.64 (s, 2H).

[236]

[237] [} 3}4] 43]: 2-(((5-(Trifluoromethyl)benzo[d]thiazol
-2-yl)amino)methyl)naphthalene-1,4-dione

[238]  0°CoA], o} Al EY) E H(acetonitrille) 1 mL = ¥ [38H4] 36]9] 3}3H& 40
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mg°ll =(0.5 mL)°l &3]¥ ¢Ea AFav) HolEd ol E 163 mgs H7He &
Q ol ¥ &, =5 3] Hrtstal, A H F4
&S CHCLE F=8 3t 7158 27 95 Al %8l Na,S0, 7l A
Azshg om, ek sol A H A AT vhA oz EeA] 2
A2 v E 78 9 (hexane:EtOAc = 3:1)°l 2] &l g A| 5} o] [&}812] 43]2] 218 F-2]
setE e 5 Y. 78 51%

[239] 'H NMR (CDCl;, 400 MHz) d 8.15 8.11 (m, 1H), 8.10 8.06 (m, 1H), 7.77 (s, 1H),
7.78 (d, J =7.2 Hz, 2H), 7.33 7.05 (m, 3H), 5.79 (s, 1H), 4.68 (s, 2H).

[240]

[241] [} 3} 4] 44]: N-((1,4-dimethoxynaphthalen-2-yl
)methyl)-1H-benzo[d]imidazol-2-amine

[242] R AL 7] skl A, Lol A 2E Schlenk 7 H.0l
(1,4-dimethoxynaphthalen-2-yl)methanol 94 mg, 1H-benzo[d]imidazol-2-amine 50
mg, K,CO; 3 mg, [Cp*IrCL,0.9 mg R &7 1.5 mLE H7F 2 £33t o] F,
A7 3= 120 °Coll A 12 Al ZF ECF 71D 2 5291 2 5% (ambient
temperature) 2 Y2431t U0 2, AV £FES AT A FFHA 7|4,
S A A9 I 2 rE 23 3 (hexane:EtOAc = 4:1 to 1:1)9]] 2] &l 74 | 5} <]
B34S FEHAL

[243]  FE:61%

[244] 'H NMR (CDCl;, 400 MHz) d 8.13 (d, J/ = 8.4 Hz, 1H), 8.04 (d, / = 8.5 Hz, 1H), 7.59
7.55 (m, 1H), 7.51 7.47 (m, 1H), 7.25 (d, J = 8.8 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H),
6.58 (s, 1H), 4.60 (s, 2H), 4.03 (s, 3H), 3.54 (s, 3H).

[245]

[246] [2}3}4] 45]: 1-(2-(((1,4-dimethoxynaphthalen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

2471  Ab2ollA 1 AlZFE<E CHCL 5 mL 5 2 HbE (31812 4419] 3}8HE 140 mg 2
NaH 25mg®l] Ac,O 107 mg% AFL-ol| A A 7FSe] 44| 7F 5 9F wHkEE T AV
HhEEdES 22 A1H 5, CHCLE #5353 l‘?—ﬂl F7] &S =2
Al 2 8EaL, Na,SO, Aell A A 238k o, X1 sl A - 17:”3} mA O =2
Z A A9 I 2 rE 23 ) (hexane:EtOAc = 4:1)9]] 2] H A A5t [} 3F2
4519 BFEE F538IAT T8 89%

[248] 'H NMR (CDCl,;, 400 MHz) d 8.22 (d, J = 8.2 Hz, 1H), 8.08 (d, / =8.2 Hz, 1H), 7.61
- 7.42 (m, 3H), 7.39 (d, J = 8.8 Hz, 1H), 7.27 (t, 1H & CDCl;, overlapped), 7.13 7.09
(m, 1H), 6.88 (s, 1H), 4.98 (d, J = 6.4 Hz,2H), 3.98 (s, 3H), 3.97 (s, 3H), 2.77 (s, 3H).

[249]

[250] [2}3}4] 46]: 1-(2-(((1,4-dimethoxynaphthalen-2-yl
)methyl)amino)-1H-benzo[d]imidazol-1-yl)ethan-1-one

[251] -40 °Col| A, o} Al E Y E 2 (acetonitrille) 1 mL 5= 2 HFE [3}38H2] 4512 313& 15
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mgoll £(0.5 mL)°l &3E ¢ EF AFAV) Yol EF Ol E 32 mges H7He &+
Qb ket whg-o] Bk ¥, =5 A3 3] H7skal, CHCL®

FEo AT 7F715E B3 97 E Al H AL Na,S0, ol A A xs gl e, 7hed
ol A A AT mpA gt o 7 S Al Ae I 2 v E 13 3] (hexane: EtOAc =
5:1)0l o &l Al ste] (3182 46)19] FES F53 AT T8 56%

[252] H NMR (CDCl;, 400 MHz) d 8.23 8.19 (im, 1H), 8.15 8.11 (m, 1H), 8.08 8.04 (m,
1H), 7.77 7.73 (m, 2H), 7.41 (d, /= 3.1 Hz, 1H), 7.39 (d, /= 3.1 Hz, 1H), 7.23 7.21
(m, 1H & CDCl; overlapped), 7.11 7.07 (m, 1H), 6.95 (s, 1H), 4.78 (d, /= 5.1 Hz,
1H), 2.81 (s, 3H).

[253]

[254] [} 3} 4] 47]: 3-((1,4-dioxo-1,4-dihydronaphthalen-2-yl)amino)propanoic acid

[255] -0l A, Wl ¥k 5 mL 5 2 HFE naphthalen-1,4-dione 158 mgoll W ¥H2 5 mL

= 1LHFE 3-aminopropanoic acid 107 mg2 % 7F8Fo] HE-g-Al Z T}, 220l A] HE-&-

24 A F HEGERES ATl A H5A7] AL, S YA A+
A=k E 12 39)(100% EtOAc)oll ol el A Aste] [3}812] 4719 &3t &=<
FE}AT FE:51%

[256] 'H NMR (DMSO, 400 MHz)d 7.98 (d, / =7.6 Hz, 1H), 7.97 (d, J =7.6 Hz, 1H),
7.857.81 (m, 1H), 7.75 7.71 (m, 1H), 7.50 (s, 1H), 3.21 (t, J= 6.4 Hz, 2H), 2.59 (t, J =
6.4 Hz, 2H),

[257]

[258] [} 2}4] 48]: 4-((1,4-Dioxo-1,4-dihydronaphthalen-2-yl)amino)butanoic acid

[259] A2-ol| A, W EH-E- 5 mL 5 1L¥HE naphthalen-1,4-dione 158 mg-& W &2 5 mLE
o] gato] [3}8H2] 48]9] 3}t S Al Zst vt A 2 S5, AFL-ol A HEE- 24
AlZE 2 923t a g X Foll A FHA 7| AL, Al Ail AR E T 9(100%
EtOAc)°l ol 3l G A|sle] [3}82] 48]1¢] &3t=< F53auth 75:53%

[260] H NMR (DMSO, 400 MHz)d 7.98 (d, / =7.6 Hz, 1H), 7.94 (d, / =7.6 Hz, 1H),
7.847.81 (m, 1H), 7.74 7.71 (m, 1H), 7.66 (s, 1H), 4.10 (bs, 1H), 3.22 -3.17 (m, 2H),
230 (t, J = 7.2 Hz, 2H), 1.79 (q, J = 7.2 Hz, 2H).

[261]

[262] [2}8}12] 49]: N6-(1,4-Dioxo-1,4-dihydronaphthalen-2-yl)lysine

[263] Aol & ] = 5 mL 5 2HEE naphthalen-1,4-dione 158 mgoll W &H& 5 mLE
o)1l (31514 401l 3HEHE S Az AR 02, gLl A 18

Al #3223 =E XFol A w5714, EUAl AE AR E 18 3](100%
EtOAc)dll &1 3] g A 3to] [3]812] 49] 4 2SS 5T 78 68%
[264]  'HNMR (DMSO, 400 MHz) d 7.79 (d, J = 7.8 Hz, 1H), 7.95 (d, J = 7.8 Hz, 1H),
7.847.80 (m, 1H), 7.73 7.72 (m, 1H), 7.45 (d, J = 5.2 Hz, 1H), 5.58 (s, 1H), 3.40 (1H
& H,0, overlapped), 2.70 (s, 2H), 1.77 1.76 (m, 2H), 1.53 (bs, 2H), 1.33 1.24 (2H).
[265]
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[266] [}8}4] 50]: 1-(4-(Diethylamino)phenyl)-2-(1,4-dioxo
-1,4-dihydronaphthalen-2-yl)hydrazine-1-carboxylate

[267] Aol A, Wl ¥k 5 mL 5 2HFE naphthalen-1,4-dione 158 mgol] W ¥+ 5 mLE
ol gskel [8h8}2 50]9] Bt B A=A A4 02, ool A WS 24
AR S RS E S ol w5 A 7] aL, S Ad A =vkE 28 T9(100%
EtOAc)el o &l A slo] [3}e2] 5019 &< 53ttt +8:57%

[268] 'H NMR (CDCl;, 400 MHz) d 8.08 (d, /= 7.2 Hz, 1H), 8.04 (d, J=7.2 Hz, 1H), 7.74
7.70 (m, 2H), 7.65 7.62 (m, 1H), 7.21 (d, J = 8.8 Hz, 2H), 6.59 (d, J = 8.8 Hz, 2H),
6.08 (s, 1H), 3.36 (q, /= 6.8 Hz, 4H), 1.46 (s, 9H), 1.14 (t, / = 6.8 Hz, 6H).

[269]

[270] [3}8}4] 51]: 2-((2-(Diethylamino)ethyl)amino)naphthalene-1,4-dione

[271] Aol A, Wl ¥k 5 mL 5 2HFE naphthalen-1,4-dione 158 mgol] W ¥+ 5 mLE
ol gskel [ah8}4 5119] Bt B2 A=SHATh TA 4 02, ool A W 24
AR S RS E S ol w5 A 7] aL, S Ad A =vkE 28 T9(100%
EtOAc)°ll ol G Alste] [8he14 5119 3t && =53tk =8 62%

[272] 'H NMR (CDCl;, 400 MHz) d 8.11 (d, J = 7.2 Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.97
(s, 1H), 7.74 7.70 (m, 1H), 7.63 7.59 (m, 1H), 5.68 (s, 1H), 3.21 3.17 (m, 2H), 2.79
2.76 (m, 2H), 2.61 (q, J = 6.8 Hz, 4H), 1.07 (t, / = 6.8 Hz, 6H).

[273]

[274] [3}8}4] 52]: 2-((3-(Diethylamino)propyl)amino)naphthalene-1,4-dione

[275] Aol A, Wl ¥k 5 mL 5 2HFE naphthalen-1,4-dione 158 mgol] W ¥+ 5 mLE
ol gskel [ah8}4 5219] Bt B AESHATE TAH R, Lol A WS 24
AR S RS E S ol w5 A 7] aL, S Ad A =vkE 28 T9(100%
EtOAc)°ll ol G Alste] [8he}4 5219 8§t =53t =8 60%

[276] 'H NMR (CDCl;, 400 MHz) d 8.11 (d, J = 7.2 Hz, 1H), 8.04 (d, J = 7.2 Hz, 1H), 7.97
(s, 1H), 7.74 7.70 (m, 1H), 7.63 7.59 (m, 1H), 5.68 (s, 1H), 3.22 3.18 (m, 2H), 2.62 -
2.53 (m, 6H), 1.85 - 1.80 (m, 2H), 1.08 (t, / = 7.2 Hz, 6H).

[277]

[278] [3}8}4] 53]: 2-((4-(Diethylamino)butyl)amino)naphthalene-1,4-dione

[279] Aol A, Wl ¥k 5 mL 5 2HFE naphthalen-1,4-dione 158 mgol] W ¥+ 5 mLE
ol gskel (81814 53]9] Bt B A=A TAH O, ool A W 24
AR S RS E S ol w5 A 7] aL, S Ad A =vkE 28 T9(100%
EtOAc)el o &l g A|slo] [3}82] 5319 &< 53ttt 8 60%

[280] 'H NMR (CDCl;, 400 MHz) d 8.11 (d, J = 7.4 HzHH, 1H), 8.05 (d, J = 7.4 Hz, 1H),

[281]

7.76 7.72 (m, 1H), 7.65 7.61 (m, 1H), 6.41 (bs, 1H), 5.72 (s, 1H), 3.24 3.20 (m, 2H),
2.63 (q, J= 7.2 Hz, 4H), 7.53 (t, J = 7.2 Hz, 2H), 1.77 1.70 (m, 2H), 1.65 1.60 (m, 2H),
1.07 (J = 7.2 Hz, 6H).
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[282] [} 8}4] 54]: 2-((1,4-Dioxo-1,4-dihydronaphthalen-2-yl)amino)ethane- 1-sulfonic
acid

[283] Aol A, Wl ¥k 5 mL 5 2HFE naphthalen-1,4-dione 158 mgol] W ¥+ 5 mLE
o] &-5}o] [3}8H4] 54]9] 813 E S A 23T A o7, Aol A vk 24

AlZE 2 923t a g X Foll A FHA 7| AL, Al Ail AR E T 9(100%
EtOAc)ll &l &l Al sko] [3}812] 5412 E}%L%E TS5 78 29%

[284] H NMR (DMSO, 400 MHz) d 7.99 (d, / = 8.0 Hz, 1H), 7.95 (d, /= 8.0 Hz, 1H),
7.85-7.79 (m, 2H), 7.75 7.71 (m, 1H), 5.64 (s, 1H), 3.32 (2H & H,O, overlapped),
275 (t, J = 7.2 Hz, 2H).

[285]

[286] [} 8}4] 55]: 3-((1,4-Dioxo-1,4-dihydronaphthalen-2-yl)amino)propane- 1-sulfonic
acid

[287] gl A, W ¥FE 5 mL 5 1LREE naphthalen-1,4-dione 158 mgoll ™ ¥H2 5 mLE
o] &3} [3}8}2] 5519 B3 E-S AT A A o2, Ao A HES 24

AlZE 2 923t a g X Foll A FHA 7| AL, Al Ail AR E T 9(100%
EtOAc)el o] &l g A|slo] [3}8H4] 5519 ﬂ?%%e FEAT T8 25%

[288] 'H NMR (DMSO, 400 MHz)d 7.98 (d, / =7.6 Hz, 1H), 7.94 (d, / =7.6 Hz, 1H),
7.847.82 (m, 1H), 7.74 7.70 (m, 2H), 5.71 (s, 1H), 3.27 3.25 (m, 2H), 2.54 - 2.48 (m,
2H), 1.86 (t, J = 6.8 Hz, 2H).

[289]

[290] [} 2}4] 56]: 4-((1,4-Dioxo-1,4-dihydronaphthalen-2-yl)amino)butane-1-sulfonic
acid

[291] Aol A, Wl§HE- 5 mL %5 345 naphthalen-1,4-dione 158 mgell W €2 5 mLE
o] &3} [8}8}4] 5619 BFFHES AT FA H o2 Ao A HEE 24
AlZE 2 923t a g X Foll A FHA 7| AL, Al Ail AR E T 9(100%
EtOAc)el o &l A5t [3}5H2] 56]9] ﬂ?%%e FEFATE 78 21%

[292] IH NMR (DMSO, 400 MHz) d 7.99 (d, J=7.6 Hz, 1H), 7.94 (d, /= 7.6 Hz, 1H), 7.84
7.81 (m, 1H), 7.74 7.72 (m, 1H), 7.63 7.60 (m, 1H), 5.68 (s, 1H), 3.18 3.16 (m, 2H),
2.46 2.44 (m, 2H), 1.63 1.62 (m, 4H).

)

[293]

[294] AAd1 FAZFAZXEHSA

[295] 2 g o] E S EEY Y JE LAY FAlEw A anE
A4k

[296] ol & &l AT AP EA T el T E S F 2R Microcystis
aeruginosa("} o] A ZA| 2~ E| 2 o}of] F7] %= A}, Anabaena flos-aqua(© -] L
S 2 2-obFol, 4 27 ¢ Stephanodiscus hantzschii(Z> Bl 3} =t 227 2~ = X)),
Cyclotella meneginia(A}o] & 2 € 2} W Y] 7| Y o), Aulacoseira(OF-2 23 Al o] }),

Synedra acus(A Y| =2} o} %), 35 22 55 Q1 Scenedesmus actus(A] W] H] 252~
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[297]

[298]

ME ) 34 -8l 2R o H B 252 Alexandrium tamarens( 2 8 A= 2] 2
Ebat @l &), Cochlodinium polykrikoides(FE 2T Y-8 Z ) A e] o] | 2),
Heterocapsa triquetra(3l| Bl 2 7 A} E 2] #| &2}, Prorocentrum micans
(ZRZAE S nlo] k2, M HE Z5F Chattonella marina(AFE 9 &) vha] L),
Heterosigma akashiwo(3] Bl 2 A] 17} o} 7}A] Q)), 11 Z= 7<) Pseudo-nitzschia
pungens(7F =Y A Ao} A ) E ARG ST Wl 2 517 9] 3 29 Eok

[3£2]

T =5 | dmEH | 2= | #m | mesl | e |
axz | 08HY) | 2% | e | bk |, e
sxz | oo | PN | s | pak | B 2B
simezz| Fl2ore) | 2028 | S0, o TATES T
meez | F2(He) | 20720 | PR, o | TATLIOE I ey

2182 94 Z+2F 10 mLe] Microcystis aeruginosa(VMFo] =1L 2 A 2~ E| 2
o}-ol| 5 7] %= A}), Anabaena flos-aqua(}F M U &2 2o} Fo}), Stephanodiscus
hantzschii(Z> B 3} =T 2~ # 2~ k= X]), Scenedesmus actus(A] Y] B 252~ 0 E 2,
Aulacoseira(©}-= 2} 5 Aol 2} 5 & 5x10° cells/mLo| ¥ == =403} 1,
Cyclotella meneginia(A}o] & 2 €2} Wy 7| Y o] 74 -9-oll:= 1 105 cells/ mL
T & 3 A7) (32 6] A [3FeH4] 56102 A Y= S EEE v
LR FEst HEFR7F22H0.1,02,05, 1, 2,5, 10,20, 50 Mo] ¥ =
A&l =R}, &9 &5 Alexandrium tamarens(& A A= 2] 5 EbapEl &),
Cochlodinium polykrikoides(Z & 2 Ul U & &8 g o] vl &), Heterocapsa
triquetra(3l €l 2 A E 2] A E2}), Prorocentrum micans((2 2 2 A E 4 wlo| k2,
Chattonella marina(AFE 2 2} v} 2] W), Heterosigma akashiwo(3] ] & A] Z1r}
o} 7FA] L), Pseudo-nitzschia pungens(37 51 2] Al o} B &l ~) o] 7 -9-ofl = 1 x 103
cells/ mL 4] 8 5 4}7] [3}8H2] 6] A] [3}8}2] 56] 02 FA|H &= 3F=&
st w2 gt FHEE57F 27 0.1,0.2,05, 1,2, 5, 10, 20, 50 M©|
s Ays] FAvh Ag 20 JE F 279 g stoll A 79 &
109 Ft i FahaAM, 4o iz 52y A7 8tell A SR-chamber 3=
heamocytometerE -3 &9+ 0.2 217 A =3 =3t} o] F A 79 =& 10¢
2, A 3£ 2] 7+ A (reduction ratio), = A% A (%)E 5H7] A& A&

ARskgh
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[299]
[300]

[301]

[302]

[303]

[304]

[305]

3 (%)=(1-Tt/Ct) x 100
A7 Aol A, T Bt A F Al B5E vEd Aola, = B E S
= AIRES WERL Ao Tt

2
v
P‘L
N,
&2
rlo
g
H:l
A&
mE
l—rl
il
_x;
jﬂ
<
,
2
=
rl

HE4E1,5, 10,
Heupgo s T3

:{o

:(‘>L_r‘

X

_

mtm

e

i<

rol

iy

o2
N
S 4
N
b} il
B or
dy M
i
e
o &
L 30 %
o

g o2
0 N

e AN
[
2

=
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A A4 2: el =A H 7H(Ecotoxicity test

o) W g gEEo| Aol v A= S Yol R 314 OECD, EPA Y]
A el 5] B 7F A A = Q) Selenastrium capricornutum(A d U~ EF
7} 2] |, Daphnia magna(th >3] o} n}11}) Danio rerio( A B 2} 3] 4 )&
o]-gst] AejisAd H7HE skt

FAAxEFTY AT, A5 GA Y Selenastrum capricornutum

Ady2=Ed 72 2 B2 w88k A ekt =4 & 4 E st
A FA 2] A FE 9} HE 57 242 1x104 cells/mL, 2, 1, 0.5, 0.2, 0.1 uM?©|
Y5 E=hE ity 3 Fel 2 A B = HAAY 2R M S AT
(20 °C, 50 mol/m?2s, EG:JM #Hl| 2], 12hr light : 12hr dark cycle). 12A] {F &9 2 72A] 7
&t Fstau] g stell A A AL A "3t E 24 #Es itk

U082 AXZsEZHAEY A5, tloldA 241 ko] A sl #] &
&8 % 71 ¥ (zooplankton) Daphnia magna(tF 3= o vk 11 A A E 10 v 4
370 8] wh 2 FEHl et Al Etet 22 A Eske] Al2bs 712, 1,05,0.2,
0.1 uMo] = =8 =] 5F3 o), v 2712 25 °C, 50 mol/m2s, 12hr light : 12hr dark
cycle®] H 271 0 2 24 A ZF 9] & 48 A[F R A= W 3E ST
T} 321 o} wpozi}e] w) of4 3= KCl 0.024g, MgSO,7H,0 0.738g, CaSO,7H,0
0.360g, NaHCO, 0.576g7} 323t 'H+-=(DW) 3 LE TH| 53l o} 371 &9
S Seto w7 A 28ste] V58 F]Uvh
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[315]
[316]

[317]

[318]

[319]

N

A 3: 2ol SR 8 3o )3 10 L scale Microcosm test
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