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Abstract

Studies on the synthesis of quinone
derivatives

Heung Sun, Sim

Advisor @ Prof. Hoon Cho Ph.D.
Department of Advanced Parts and
Materials Engineering,

Graduate School, Chosun University

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. Considerable
interest has been focused on quinone compounds since the agents with a

naphthoquinone framework such as anthracyclines and mitoxantrones had been

developed.

In this study, many compounds having multiple skeletal structure of
naphthoquinone were synthesized and carried out anti—cancer activity test.

From 2-formyl-1,458-tetramethoxynaphthalene, new leading compounds of
20 species were produced. 2-formyl-14,5,8-tetramethoxynaphthalene which is
second material was synthesized by this 4 step of reaction, methylation (86%),
bromination (85%), methoxylation (61%) and formylation (96%) from 1,5-naphthalen
diol. To compose 2-substituted 1,4,58-tetramethoxynaphthalene with leading

compound of naphthaoquinone, chromium (VI) oxide and cerium (IV) ammonium
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nitrate (CAN) was used then 6-substituted compound of CrO,; and 2-substituted
compound was obteined mainly.

MTT experiments showed that the compounds containing naphthoquinone
moiety exhibited potent bioactivities against AML-2 cell 7z wvitro and
2-substituted 5,8-dimethoxy-1,4-naphthoquinone derivatives exhibited higher
antitumor activity than 6-substituted 5,8-dimethoxy-1,4-naphthoquinone

derivatives.
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Scheme 1. Electron transfer mechanism for DNA damage by anthracyclines
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1. 7171 2 A%

sttEe Hbg & T8 gdstr] $1g TLC plate silica gel 60F 254
(Merck, 25 TLC plastic sheets)E Al&3stg o AHAEREIE 93 249 ZAZvE
a2 silica gel 60A (Whatman, 230~400)8 Ab&stdlon, z7]FH
37 (‘H NMR)E JEOL CO. JNM-AL300 (300 MHz)Z Al&stgion WiER
5 2 2 tetramethylsilane (TMS)S AF-&3lo] §3t o 2 E A8} o}

AMESAHAGA AFg3 7]7]2+= CO, incubator (SANYO), elisa reader
(uQuant, spectra MAX 340)% o] A& 3 %t

A Ao AFEE e A2 Aldrich, TCI A#FS AH&38t9ch B &
= Al g S AFEsETh Al bl ke AFEE A2 MTT {5 (4,5-dimethyl-2-
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2. 2-Formyl-1,4,5,8-tetramethoxynaphthalene (5)9 A

1) 1,5-Dimethoxynaphthalene(2)

OH OCH,
(CH;),80,
OO 10%NaOH OO
OH OCH,
1 2

1,5-Dihydroxynaphthalene (I) 50 g (0.62 mol)< 10% NaOH <& 200 mlol

0] 3L, dimethyl sulfate 90 mlE 7oA 30+ &<t A7l vh3 6A1%F &< 8
ootttk AAE IR A % NaOHZ 2 oy AAHSE = °F 80T

A 25 5 LR o
A 12A1%F ol A xsEe] 'EFEAIHTE 100C &AM HAZES ethyl acetate
=9 g 7)ol FAEE 7rste] o 1A F awkE . o] & o %3}
dAdeS AAT T oANS T x5 ethyl acetateZ A A A 3Fe] wWAAA
1,5-dimethoxynaphthalene (2) 51 g (86%)%& & At}.

'"H NMR (300 MHz, CDCl;) & 7.83 (2H, d, / = 86 Hz), 7.32 (2H, t, / = 8.0
Hz), 6.83 (2H, d, ./ = 7.7 Hz), 3.97 (6H, s)

2) 4,8-Dibromo-1,5-dimethoxynaphthalene (3)

Step 1.
OCH, OCH, Br
D —
CH,CN -
ocH, Br  OCH,
2 3



1,5-Dimethoxynaphthalene (2) 25 g (26 mmol)E Zx¥ flaske]l Y1,
acetonitrile 400 mlel =1 t}. A-bromosuccinimide (NBS) 51.60 g (58 mmol)E
acetonitrile 200 mlel * o] 15-dimethoxynaphthalene©] o}l flaskol] AF2 ol A
wkstH A A 7E sk oF 3AIZE Eobs Aol A whEAZl F wkg oS o 3st
o AFES Axsd v Ao AA 48-dibromo-15-dimethoxy naphthalene (3)
30 g (90%)& Lt
'"H NMR (300 MHz, DMSO) & (ppm) 7.92 (2H, d, / = 85 Hz), 6.64 (2H, d,
J/ = 84 Hz), 393 (6H, s)

Step 2.

OCH OCH,; Br

Br,

Y

CCly

OCH Br OCH

3

4,8-Dibromo-1,5-dimethoxynaphthalene (3) @A ol AlgEHE RE %2
Z7] (100C)ell A 1241 3F o] A Zxsko] AbRekslar, Aleka} &ul= AFEsH7] Ao
B=gle] AFE3F 9 Th 1,5-dimethoxynaphthalene (2) 200 g (1.06 mol)&
T flaskel ¥ 11, %4 A9 3ErA 3500 mlol 7F¥sle] = th. Bromine 110 ml
(2.1 mol)E ¥ AFE3SEA 330 mlet sk, o] £ A4S FF stelA] 45
i seh A7 shATh o 453 ks U FRF A F whg §AS WAA T o

HetAck AdE Y wFcto 4 A=Y IAFES A ALY
Asto] m el AA 48-dibromo-1,5-dimethoxynaphthalene (3) 312
Atk

P



3) 1,4,5,8-Tetramethoxynaphthalene (4)

OCH, Br OCH, OCH,
NaOCH,/Cul
B OCH, OCH, OCH,
3 4

4,8-Dibromo-1,5-dimethoxynaphthalene (3) 36.3 g (0.12 mol), copper iodide
(Cul) 655 g (0.7 mol)¥} Sodium methoxide 185 g (0.7 mol)E DMF 50%
methanol &% 700 mloll Holar, oF 30417 ¢k 37 AT, Wwks &
AN vs dE=s F7bste] AAHEE AAdES oA, AFEAY. &
2 80ColA oF 12A17F H¢F A %3 F methylene chloride 500 2 o] =
= oFste] AAsEAL, NS FY FHco] I AHES WACw
vl o] A A 145 8-tetramethoxynaphthalene (4) 15 g (61%)S <At}
"H NMR (300 MHz, CDCly) § 6.75 (4H, s), 3.90 (12H, s)

4) 2-Formyl-14,5,8-tetramethoxynaphthalene (5)

OCH, OCH, OCH, OCH,
POCl;/DMF
CHO
OCH, OCH, OCH, OCH,
4 5



250 ml round flaskel DMF 8.15 ml (0.1 mol)®} POCIl; 9.78 ml (0.1 moDE
Yol &3kl tfS o 7] 14,58-tetramethoxynaphthalene (4) 5.1 g (0.02 mol)&
chloroform 45 mloll =¢] 20%

8 Fok A AR F BFRSAA F 6AZ T
agtsterh we Eg

z WA g d4E 100 mlE %3, methylene
chloride® 2~33] F%%3%}%1t}t. methylene chloride®S REof 4+ 3AYEFOZ

[e)

B2 AAT v g AZRsa, benzened} s-hexanel® A AAG Y] IFE we=

Aol A4 2-formyl-1,4,5,8-tetramethoxynaphthalene (5) 5.3 g (96%)& < A t}.

'"H NMR (300 MHz, CDCly) § 106 (1H, s), 7.20 (1H, s), 693 (1H, d, / = 87
Hz), 6.77 (1H, d, ./ = 87 Hz), 40 (3H, s), 3.99 (3H, s), 3.92 (3H, s), 391
(3H, s)

3. 6(or 2)-{[(Substituted-1,3-benzothiazol-2-yl)amino]

methyl}-5,8-dimethoxynaphthalene-1,4-dione (6~19)
o A

1) N-[(1,45,8-Tetramethoxynaphthalen-2-yl)methylene]
benzothiazol-2-amine (6)

OMe OMe OMe OMe
2-Amino-
OO benzothiazole OO |\||‘/©
CH:N—I\
CHO S
OMe OMe OMe OMe
5 6

Dean-Stark trape] #2¥ 100 ml Zgx~=o] 2-formyl-1,4,5,8-tetramethoxy
naphthalene (5) 4 g (7.25 mmol)®} 2-Aminobenzothiazole 2.42 g (7.25 mmol)&

o] & benzene 40 mlol| =9 S 7] triethyl amine 2.06 ml (7.25 mmol)
, acetic acid ¢F 600 w2 pH 4~57} I =& & v} oF 2043 &9 3

K

Ein
R

D HES o] AYPHHEA DA H= B Dean-Stark #A o 9] AATA LS
e A= TLCE Qs vkgo] ¢ o] g gow wg

L

B F ="
ol
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v}
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oo
o,
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e ARor WAANZ vF A" IAdES 7Y oAFdste] Fgstar, oo
-+ "WeEE AAaAFsted A FEM AA M[(1458-
tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-amine (6) 54 g (91.3%)<%

A A
'"H NMR (300 MHz, CDCl;) & 948 (1H, s), 8.02 (1H, d, / = 8.1 Hz), 7.85 (1H,
d, /=179 Hz), 768 (1H, s), 7.47 (1H, m), 7.38 (1H, m), 7.04 (1H, d,

J =87 Hz), 694 (1H, d, / = 87 Hz), 406 (3H, s), 4.01 (3H, s), 3.93
(3H, s), 3.94 (3H, s)

2) 6-Methyl-N-[(145,8-tetramethoxynaphthalen-2-yl)meth
ylenelbenzothiazol-2-amine (7)

OMe OMe OMe OMe
2-Amino-6-methyl-
OO benzothiazole OO N
|
CH—N
CHO S CH,
OMe OMe OMe OMe
5 7

2-Formyl-1,4,5,8-tetramethoxynaphthalene (5) 4 g (7.25 mmol)Z} 2-amino-6-
methylbenzothiazole 2.38 g (7.25 mmol)S 3I¢E 6 AR & WHYHo=w
HES A7 A3 3o AA G-methyl-N-[(1,4,5,8-tetramethoxynaphthalen-2-yl1)
methylenelbenzothiazol-2-amine (7) 5.24 g (85.6 %)< A lt}.

'"H NMR (300 MHz, CDCly) & 9.44 (1H, s), 7.89 (1H, d, / = 84 Hz), 7.67 (1H,
s), 763 (1H, s), 7.29 (1H, d, ./ = 84 Hz), 703 (1H, d, / = 88 Hz),

6.93 (1H, d, ./ = 88 Hz), 4.04 (3H, s), 4.00 (3H, s), 3.91 (3H, s), 2.50
(3H, s)



3) 4-Methoxy-N-[(1,4,5,8-tetramethoxynaphthalen-2-yl)
methylenelbenzothiazol-2-amine (8)

OMe OMe OMe OMe OMe
2-Amino-4-methoxy—
OO benzothiazole OO NI
CH:N—I\
CHO S
OMe OMe OMe OMe
5 8

2-Formyl-1,4,5,8-tetramethoxynaphthalene (5) 3.1 g (7.25 mmol)¥ 2-amino-
4-methoxybenzothiazole 2 g (7.25 mmol)> 3T E 62 ARG £ HHom
HES Al A e F3Ae] AR 4-methoxy-MN-[(1,4,5,8tetramethoxynaphthalen-2-y1)
methylenelbenzothiazol-2-amine (8) 5.3 g (85.6 %)< At}
'"H NMR (300 MHz, CDCl;) & 9.44 (1H, s), 7.76 (1H, d, / = 84 Hz), 743 (1H,
d), 736 (1H, s), 7.00 (1H, d, / = 84 Hz), 693 (1H, d, / = 88 Hz),
6.91 (1H, d, / = 88 Hz), 4.06 (3H, s), 4.04 (3H, s), 3.99 (3H, s), 3.92
(3H, s), 3.90 (3H, s), 2.17(2H, s)

4) N-[(14,58-Tetramethoxynaphthalen-2-yl)methyl]
benzothiazol-2-amine (10)

OMe OMe OMe OMe
N LAH N
e ) cwis
H
OMe OMe OMe OMe
6 10



NV-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-amine (6) 4
g (490 mmol)¥} THF 60 mlE 250ml flaskell ¥ nwkstd A LiAlH, 2914 mg
(490 mmol)& A A3] 713 T HdEoA oF 1A Tk wukE YTk w3

- Qs

=
methylene chlorideZ F&3t3 &2 A% 3$ F methylene chlorided < F4 34k
navgoR SRS AAT s FYF ok, ethyl ether= A ZAA ko] Ag &
Aol AR AN-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllbenzothiazol-2-amine
(10) 35 g (87.3%)S AUt
'"H NMR (300 MHz, CDCl;) & 755 (1H, d, / = 7.8 Hz), 746 (1H, d, / = 82
Hz), 723 (1H, t, ./ = 80 Hz), 7.09 (1H, t, / = 7.4 Hz), 6.96 (1H, s),
6.83 (2H, s), 4.83 (2H, s), 3.96 (3H, s), 3.88 (3H, s), 3.82 (6H, s)

5) 6-Methyl-N-[(14,5,8-tetramethoxynaphthalen-2-yl)methyl]
benzothiazol-2-amine

OMe OMe OMe OMe
LAH
O CH= NJ\j©\ “—CH N—C©\
OMe OMe OMe OMe
7

6-Methyl-V-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-
amine (7) 414 g (490 mmol)S ITE 109 TAHIY 22 ¥Wyoz FHAAA
ujw Aol AR 6-methyl-N-[(1,4,58-tetramethoxynaphthalen-2-yl)methyl]benzothiazol-
2-amine (I1) 3.88 g (93.4%)% A}
'"H NMR (300 MHz, CDCl;) & 740 (1H, d, / = 84 Hz), 7.36 (1H, d, / = 1.8
Hz), 7.06 (1H, dd, / = 84 and 1.8 Hz), 6.95 (1H, s), 6.84 (2H, s), 6.26
(1H, s), 481 (2H, s), 3.96 (3H, s), 3.83 (3H, ), 3.85 (3H, s), 3.81 (3H, s),
2.37 (3H, s)



6) 4-Methoxy-N-[(1,4,5,8-tetramethoxynaphthalen—-2-yl)methyl]
benzothiazol-2-amine (12)

OMe OMe OMe OMe
LAH
OMe OMe OMe OMe
8

4-Methoxy-NV-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-
amine (8) 5 g (490 mmol)< 3= 109 AWM T2 WHow S A A
o] AA 4-methoxy-N-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyl]benzothiazol-
2-amine (12) 4.21 g (93.4%)< AU}
'"H NMR (300 MHz, CDCly) § 890 (1H, s), 747 (1H, d, / = 8.4 Hz), 7.36 (1H
d), 727 (1H, s), 725 (1H, d, / = 84 Hz), 693 (1H, d, / = 88 Hz),
6.91 (1H, d, / = 88 Hz), 4.06 (3H, s), 4.04 (3H, s), 3.99 (3H, s), 3.92
(3H, s), 3.90 (3H, s), 3.30 (2H, d) 2.17(2H, s)



7) 6(or 2)-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxy
naphthalene—1,4-dione (14, 15)

OMe OMe
N
CHZ_'T'_H\S
H
OMe OMe
10
CrO; or CAN
(0] oM OMe O
ool NysResiye
(0] OMe OMe O
14 15

NV-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyllbenzothiazol-2-amine (10) 800
mg (1.95 mmol)& acetone 20 ml ¥ & 4 ml®} £& 3 v wHtstHA 5C o3
ol 51 CrO; 2032 mg (1.95 mmol)S o] Fo]i, o]ojx H,SO, 164 b (2.93
mmol)E A A3 A7tek § A&ste] Aol 5E e wRke AT RES-] X1 d)
drEs TLCE Fdste S2=dol ¢ o uYeuA @A =W W&
methylene chloride® FEstal, F7]8v T& =2 AlHT & F5 Fabvkay
o2 FEE AAGY AT F Y. o E2 S acetoned} ethyl etherZ A
ARl FMol AA 6-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene-
1,4-dione (14) 459.7 mg (62%)< At AAA s F& IFES ethyl acetate
9} s-hexaned] ZTFEWE o]F Ao E o] Aol FHH columnlZ ¥
sto] FAMAA 6-[(benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene-
1,4-dione (14) 1335 mg (18%)¥ Aol AA 2-[(benzothiazol-2-ylamino)

methyl]-5,8-dimethoxynaphthalene-1,4-dione (I15) 66 mg (9%)%& < At}

—_—



w2

NV-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyllbenzothiazol-2-amine (10) 800
mg (1.95 mmol)S acetonitrile 15 ml9} =3 oS wWHstHA 5C o] dlol A
CAN 2.72 g (487 mmole)S & 35 mlel] 5 &AS A A8 A7} st vEE9
APAFE=E TLCE Flste] =d=4dol o oY UeuA @A H9 wd=
methylene chloride® FEstal, F7]8v T& =2 AlHT & F5 Fakviay
o2 gF35te ZAUATHF AT Ao ¥SES acetoned ethyl ether® #2427
sty AA AA  2-[(benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene-1,4-

dione (I15) 533 mg (72%)< A AT}.
Compound 14

'"H NMR (300 MHz, DMSO) & 853 (I1H, s), 7.68 (1H, d, ./ = 8.0 Hz), 7.66 (1H,
s), 739 (1H, d, / = 7.6 Hz), 7.23 (1H, t, / = 7.2 Hz), 7.04 (1H, t, / =

6.6 Hz), 6.82 (2H, s), 4.71 (2H, s), 3.81 (3H, s), 3.78 (3H, s)

Compound 15

'"H NMR (300 MHz, DMSO) & 837 (1H, t, ./ = 5.7 Hz), 7.69 (1H, d, ./ = 7.3Hz),
755 (2H, s), 7.38 (1H, d, ./ = 8.0 Hz), 7.23 (1H, t, / = 8.0 Hz), 7.05

(1H, t, / = 79 Hz), 656 (1H, s), 445 (2H, d, ./ = 5.7 Hz), 3.86 (3H,
s), 3.82 (3H, s)



8) 5,8-Dimethoxy-6(or 2)-[(6-methyl-benzothiazol-2-ylamino)
methylnaphthalene-1,4-dione (16, 17)

OMe OMe
99 i@@t
CH;—N
2 ||4 s CH
OMe OMe
11
CrO3 or CAN
O OMe O
‘O CH;— N—C©\ *CH N—C©\

O OMe OMe O

16

6-Methyl-V-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-

amine (11) 8274 mg (1.95 mmol)< 33+&E 14, 159 3 uHol g wE§-AlA

Aol AA 58-dimethoxy-6-[(6-methyl-benzothiazol-2-ylamino)methyllnaphthalene

-1,4-dione (I6)¥} H2ME w= T3 ZHA  58-dimethoxy-2-[(6-methyl-

benzothiazol-2-ylamino)methyllnaphthalene-1,4-dione (I7)& AAT}. F o] A

e F&L Y E 14, 159 FAEH T Uy 1ol we dAsAE Ay A7

559.8 mg (72.8%)= Ao, #H 29 AL &= 5505 mg (71.6%)S A AT}

Compound 16

'"H NMR (300 MHz, DMSO) & 844 (1H, t, ./ = 5.6 Hz), 760 (1H, s), 7.46 (1H,
d, /=12 Hz), 727 (1H, d, / = 80 Hz), 7.00 (1H, d, / = 8.0 and
1.2 Hz), 681 (2H, s), 469 (2H, d, / = 56 Hz), 3.80 (3H, s), 3.78
(3H, ), 2.29 (3H, s)

Compound 17

'"H NMR (300 MHz, DMSO) & 831 (1H, t, ./ = 5.6 Hz), 755 (2H, s), 7.48 (1H,
s), 726 (1H, d, / = 80 Hz), 7.03 (1H, d, ./ = 80 Hz), 655 (1H, s),
4.42 (2H, s), 3.86 (3H, s), 3.82 (3H, s), 2.29 (3H, s)



9) 5,8-Dimethoxy-6(or 2)-[(4-methoxybenzothiazol-2-ylamino)
methyl/naphthalene-1,4-dione (18, 19)

OMe OMe
OMe OMe
12
CrO; or CAN
0] OM OMe O
‘ CH;— N—C@ *CH N—C@
o OMe OMe O

18

4-Methoxy-NV-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllbenzothiazol-

2-amine (12) 8584 mg (1.95 mmol)< 3}3+&E 14, 159 3 Hol uaf wk§-Al#A

F3A AR 5 8-dimethoxy—6-[(4-methoxybenzothiazol-2-ylamino)methylnaphthalen—

1,4-dione (I8 H24& W= T4 Z2A 5,8—dimethoxy—2—[(4—methoxy

benzothiazol-2-ylamino)methyllnaphthalene-1,4-dione (19)& <%t} o] A1 A o]

e F&L Y E 14, 159 FAEH T Uy 1ol we dAsAE A A7

582.6 mg (72.8%)< ¥ANom, WH 29 AFe= 5727 mg (71.6%)= A AT}

Compound 18

'"H NMR (300 MHz, DMSO) & 849 (1H, t, ./ = 5.6 Hz), 7.68 (1H, s), 7.26 (1H,
d, /= 102 Hz), 7.00 (1H, t, / = 80 Hz), 6.84 (1H, d, ./ = 8.0 and
1.2 Hz), 6.81 (1H, d), 6.80 (1H, d) 4.68 (2H, d, ./ = 5.6 Hz), 3.84 (3H,
s), 3.80 (3H, s), 3.79 (3H, s)

Compound 19

'"H NMR (300 MHz, DMSO) § 830 (I1H, t, J=5.6 Hz), 7.63 (1H, s), 7.62(1H, s),
727 (1H, d, J =8.0 Hz), 7.01 (1H, t, J=8.0 Hz), 6.83 (1H,d), 6.58 (1H,
s), 4.45 (2H, d), 3.86 (3H, s), 3.82 (3H, s), 3.80(3H, s)



4. 6(or 2)-[(2,3-Dihydro—-1/H-inden-ylamino)methyl]-
5 8-dimethoxynaphthalene-1,4-dione (20, 21)°] A

1) N-[(14,58-Tetramethoxynaphthalen-2-yl)methylene]-2,3-
dihydro-1/H-inden-2-amine (9)

OMe OMe OMe OMe
2-Aminoindan
CH—N
CHO
OMe OMe OMe OMe
5 9

2-Formyl-1,4,5,8-tetramethoxynaphthalene (5) 4 g (7.25 mmol)¥ 2-aminoindan
1.93 g (725 mmoD< 3% & 69 FAAHI 22 Yoz RbgAA AT A9
AA N-[(1,45,8-tetramethoxynaphthalen-2-yl)methylene]-2,3-dihydro-1/4-inden-
2-amine (9) 4.86 g (75.6%)<2 AAt}.

'"H NMR (300 MHz, CDCly) & 890 (1H, s), 747 (1H, s), 727 (1H, d),
725 (1H, d), 6.89 (1H, d, / = 84 Hz), 465 (1H, d, ./ = 88 Hz), 3.95

(3H, s, ./ = 88 Hz), 3.94 (3H, s), 3.82 (3H, s), 3.22 (2H, t), 2.19 (2H, d)

2) N-[(14,5,8-Tetramethoxynaphthalen-2-yl)methyl]-2,3-
dihydro-1/4-inden-2-amine (13)

OMe OMe OMe OMe
LAH
CH=N CH;—N
b
OMe OMe OMe OMe
9 13



N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methylene]-2,3-dihydro-1/4-inden-2-
amine (9) 46 g (490 mmol)S ITE 109 THAHY 22 WyHo=z FJAAA o
3w AR AN-[(1,45,8 tetramethoxynaphthalen-2-yl)methyl]-2,3-dihydro-
1//~inden-2-amine (I13) 3.92 g (93.4%)% At}

'"H NMR (300 MHz, CDCly) & 7.30 (1H, d, / = 84 Hz), 7.20 (1H, d, / = 1.8Hz)
7.19 (1H, dd, ./ = 84 and 1.8 Hz), 7.06 (1H, s), 7.01 (1H, s), 6.87 (2H,
d), 4.82 (2H, s), 3.96 (3H, s), 3.88 (3H, s), 3.85 (3H, s), 3.81 (3H, s)

3) 6(or 2)-[(2,3-Dihydro—1/H-inden-ylamino)methyl]-5,8-dimethoxy
naphthalene—1,4-dione (20, 21)

OMe OMe
CH;— I}I
OMe OM H
e Ve 13
CrO; or CAN
O OMe OMe O
(T )y [+ O gy (IO
H H
OMe OMe O
20 21

N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyl]-2,3-dihydro-1/4-inden-2-
amine (I3) 770 mg (1.95 mmol)S = 14, 159 FAAWH wat ®¥ESAlA
ZAeol AA 6-[(2,3-dihydro-1A-inden-ylamino)methyl]-5,8-dimethoxynaphthalene-
14-dione (20)3 w==Ae] ZH 6—[(2S—dihydro—1H—inden—ylamino)methyl]—58—
dimethoxynaphthalene—-1,4-dione (21)S <4t} ol A U &2 FJFTE
14, 159 ALY T WW 1o we A O}AJ\E A% Z+7F 250.6 mg (45.8%)%
Ao wH 29 A9 = 2605 mg (48.6%)S A}



Compound 20

'"H NMR (300 MHz, DMSO) & 852 (1H, t, ./ = 5.6 Hz), 7.62 (1H, d), 7.45 (1H,
d, ./ =12 Hz), 725 (1H, d, / = 8.0 Hz), 7.00 (1H, dd, ./ = 8.0 and
1.2 Hz), 679 (2H, s), 467 (2H, d, ./ = 56 Hz), 3.79 (3H, s), 3.76
(3H, s), 3.76 (3H, s)

Compound 21

'"H NMR (300 MHz, DMSO) & 828 (1H, t, ./ = 5.6 Hz), 7.56 (2H, s), 7.47 (1H,
s), 7.25 (1H, d, ./ = 80 Hz), 7.01 (1H, d, ./ = 80 Hz), 654 (1H,s),
444 (2H, s), 3.85 (3H, s), 3.81 (3H, s), 3.80 (3H, s)



5. N-[(1,4-Dimethoxy-5,8-dioxo—-5,8-dihydronaphthalen-2-
yl)methyllnaphthalene-2-sulfonamide (24), N-[(5,8-
dimethoxy-1,4-dioxo-1,4-dihydronaphthalen-2-
yl)methyllnaphthalene-2-sulfonamide (25)9] @A

1) N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methylene]
naphthalene-2-sulfonamide (22)

OMe OMe OMe OMe
Naphthalene-2-

sulfonamide (IDI
CH=—N—S
CHO Il

OMe OMe OMe OMe

5 22

2-Formyl-1,4,5,8-tetramethoxynaphthalene (5) 2.7 g (9.65 mmol)¥ naphthalene
-2-sulfonamide 2 g (9.65 mmol)& I &FE 69 FAAHIY & oz HbFA]A
Ag gl AA AN-[(1,4,5.8 tetramethoxynaphthalen-2-yl)methylenelnaphthalene
-2-sulfonamide (22) 4.14 g (73.6 %)< LA} .

'"H NMR (300 MHz, CDCly) & 890 (1H, s), 747 (1H, s), 727 (1H, d),
725 (1H, d), 6.89 (1H, d, / = 84 Hz), 465 (1H, d, ./ = 88 Hz), 3.95

(3H, s, ./ = 88 Hz), 394 (3H, s), 3.82 (BH, s), 3.22 (2H, t), 2.19 (2H, d)

2) N-[(14,5,8-Tetramethoxynaphthalen-2-yl)methyl]
naphthalene-2-sulfonamide (23)

OMe OMe OMe OMe
ﬁ LAH Q
CH=N— ﬁ CH—N— ﬁ
(0] H O
OMe OMe OMe OMe
22 23



NV-1(1,4,5,8-tetramethoxynaphthalen-2-yl)methylene]naphthalene-2-sulfonamide
(22) 38 g (817 mmol)= 3t¢E 109 FAAHA 22 WHOoE FAAA AT =
dA ol AR A-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllnaphthalene-2-sulfonamide
(23) 392 g (93.4%)S AU
'"H NMR (300 MHz, CDCly) & 7.30 (1H, d, ./ = 84 Hz), 7.20 (1H, d, / = 1.8Hz)

7.19 (1H, dd, / = 84 and 1.8 Hz), 7.06 (1H, s), 7.01 (1H, s), 6.87 (2H,
d), 4.82 (2H, s), 3.96 (3H, s), 3.88 (3H, s), 3.85 (3H, s), 3.81 (3H, s),
2.17 (1H, s)

3) N-[(1,4-Dimethoxy-5,8-dioxo-5,8-dihydronaphthalen-2-yl)
methyl/naphthalene—-2-sulfonamide (24), N-[(5,8-dimethoxy—
1,4-dioxo—1,4-dihydronaphthalen-2-yl)methyl/naphthalene-
2-sulfonamide (25)

OMe OMe
‘l?
CH>— ’T‘ ﬁ
OMe OM H O
e Me 23
CrO5 or CAN
O OMe OMe O
(0] (@]
[l + [l
CHNy N
H O H O
O OMe OMe O
24 25

N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyllnaphthalene-2-sulfonamide
(23) 941 mg (1.95 mmol)S 3TE 14, 159 FA W Ho| we} Hk3-4] T & A
A N-[(1,4-dimethoxy-5,8-dioxo-5,8-dihydronaphthalen-2-yl)methyllnaphthalene-
2-sulfonamide (24)3} X3 B34 ZA AM[58-dimethoxy-1,4-dioxo-1,4-dihydro
naphthalen-2-yl)methyllnaphthalene-2-sulfonamide (25)& At F o]Ad Ao tj
e e 14, 159 dAAH T U 1ol wek s e 4 F 6258 mg
(72.8%)& Aom, Wy 29 Aol 6125 mg (71.6%)s At



Compound 24

'"H NMR (300 MHz, DMSO) & 843 (1H, t, ./ = 5.6 Hz), 7.58 (1H, s), 7.45 (1H,
d, /=12 Hz), 725 (1H, d, / = 8.0 Hz), 7.00 (1H, dd, ./ = 8.0 and
1.2 Hz), 679 (2H, s), 467 (2H, d, ./ = 56 Hz), 3.79 (3H, s), 3.76
(3H, s), 276 (3H, s)

Compound 25

'"H NMR (300 MHz, DMSO) 6 828 (1H, t, ./ = 5.6 Hz), 756 (2H, s), 7.47 (1H,
s), 725 (1H, d, / = 80 Hz), 7.01 (1H, d, ./ = 8.0 Hz), 654 (1H,s),
444 (2H, s), 3.85 (3H, s), 3.81 (3H, s), 2.89 (3H, s)



6. MTT Assay

Naphthoquinone F%#9 A Fo] W AETE=EAHST =HLES MTT [-(45-
dimethyl-2-thiazolyl)-2,5-diphenyl-2/4-tetrazolium bromide] colorimetric 7 % ¥ &
2936 BBATE. GAE diT AELF5HTS FASY A8 WP AHME(AM
L-2/WT)8 +5 &9 thg dsts F v 2 x 10° /ml¥ 7l media® 5235 A]
96 well flat bottom microtiterd 2+ wello]l 90 pl/well® HEFsta, 29 AAE
GA A ske] 10 w/well¥ HF st control> HAWA PBS [Ca*’, Mg*"
()18 HolF i blanke AAWA PBS [Ca’’, Mg’ (1)]E HolFi celltal
mediaZ® Yo+ % 37C, CO, incubatorol A 397+ wjokal gl wjofo] Fwt Fo
PBS® 5 mg/ml®] s %7} H=% 34¢ MTT €45 10 W 2 wellel #7tst
of 37C, CO, =xAstollA 4rzF sF wdd F= FAH cells 771 Aot
acid-isopropylalcohol®] HCl €2 Yol 0.04No] HA AT THEI R acid-iso
2 7} wellol 100 @& 99L& & & pipetting 39 Elisa reader (Molecular devices,
spectra MAX 340)2Z &3%% (0D 540 nm)E =435t EC, &S F3titl. vl
oFE 2 Cisplatin (TCD& AF&3taL, 7 A g2 33] oA wkEste] 1 Ht FE
T8I Th ECy 7t txw9 50% 5oz GA X A4S dAss =9 F
T (w/mh)E FolAH, nx oddAF 4 (NCI ; NationalCancer Institute, USA)2]
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A or =z 23 2 az

1. 2-Formyl-1,4,5,8-tetramethoxynaphthalene (5)¢ &A

1,5,-Dihydroxynaphthalene (1) &% &2 2 39 methylation, bromination,

methoxylation, formylation®] 4% 74 W8-S %3}9 naphthoquinone %2 A

S 93 F7E A 2-formyl-1,45,8-tetramethoxynaphthalene (5)& X% <o

40%=2 S F AUt (Scheme 2).4 .45 49 8% methylation, bromination,
formylationd] ¥F$<& 859% oAt vl FH &L

methoxylation< ¢ 60%2] &= 497 vb&F 71 22 w3 A4ES Yehd o
bromiation®] F7FA ¥F3 F step 19 WH$-o] step 29 W

= 7 A, wg oy e hdek sl

pud

OH OMe Br
OO (CH3)950, NBS or Brg
10% NaOH
OH
1

NaOCH, l Cul

OMe OMe

OMe OMe
CHO
OMe OMe OMe OMe
5 4

Scheme 2. Synthetic pathway of 2-formyl-1,4,5,8-tetramethoxynaphthalene



2. 6(or 2)-{[(Substituted 1,3-benzothiazol-2-yl)amino]

methyl}-5,8-dimethoxynaphthalene-1,4-dione (6~19)
o9 &4
OMe OMe Substitued OMe OMe R1
benzothlazole R2
CH—N—I\
CHO R3
OMe OMe OMe OMe
LAH /
¥
OMe OMe R1
R2
N
OO CH;—N |
| R3
H
OMe OMe
10~12
CrO3 or CAN |
O oM OMe O R1
R2
‘ CH—N—I\ I :[ CH— —L
N S R3
(0] OMe OMe O
14~19
No. of compd R1 R2 R3
6, 10, 14, 15 H H H
7, 11, 16, 17 H H CH,
8, 12, 18, 19 OCH; H H

Scheme 3. Synthetic pathway of 6(or 2)-[(substituted 1,3-benzothiazol-2-yl)
amino]methyl-5,8-dimethoxynaphthalene-1,4-dione



Benzenes $wlZ 39 triethylamine A 3tollA  2-formyl-1,4,5,8tetra
methoxynaphthalene (5)3} substituted 2-aminobenzothiazolesE ®F3-A]7# 90% ©]
Ao =& F&2 N[(1,45,8-tetramethoxynaphthalen-2-yl)methylene]substituted—
benzothiazol-2-amine (6~8)€ ¥& F UAoH, o]& LAHZ A skl 95% o]
Aol &R A-[(1,4,5,8 tetramethoxynaphthalen-2-yl)methyl]substituted-benzo
thiazol-2-amine (10~12)% ¥<& + UAH. 3FFE 10~125 CrO; =+ CANS
2 ASA o w2 6-XFA e 2-A A [4~195 S F AT (Scheme 3)
T ool AAY A= kst e wel Aoyt AT F CrOzE ASHAl =

SRS Aols T oA T 6-ABATE oF 0% FEE 2-AFARYG =
UERd wh CANS AFS S Aol ol ok w2 2-A&A7F 319 °F 70% ©]
Fel FER 6-AFARY =A eyt



3. 6(or 2)-[(2,3-Dihydro-14H-inden-ylamino)methy!l]-
5 8-dimethoxynaphthalene-1,4-dione (20, 21)°] A

OMe OMe OMe OMe
2-Aminoindan @
CH—N
CHO
OMe OMe OMe OMe
LAH
OMe OMe
*CH_NJC@
OMe OMe
CrO3 or CAN |
OMe O
“Cw@@ *—D@
H
OMe O

Scheme 4. Synthetic pathway of 6(or 2)-[(2,3-dihydro-1//~inden-ylamino)methyl]-
5,8-dimethoxynaphthalene-1,4-dione

2-Formyl-1,4,5,8-tetramethoxynaphthalene (5)%} 2-aminoindan& 4F-$-AlA 85%
o] Ao F=& & AN-[(145.8 tetramethoxynaphthalen-2-yl)methylenel-2,3-dihydro-
1/-inden-2-amine ()& ¢& F UAALH, o]& LAH=E Hst] 90% T&=
N-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyll-2,3-dihydro—-1/~-inden-2-amine
135 95 F JdA 33FE 135 CrO; & CANO = 23Az] o2 6-% 35k
A 207 2-A A 215 & F AUt (Scheme 4)
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4. N-[(14-Dimethoxy-5,8-dioxo-58-dihydronaphthalen-2-
yl)methyllnaphthalene-2-sulfonamide (24), N-[(5,8-
dimethoxy-1,4-dioxo-1,4-dihydronaphthalen-2-
yl)methy!lnaphthalene-2-sulfonamide (25)2 &4

OMe OMe OMe OMe

Naphthalene-2-
sulfonamide
CH=—N—
CHO Cl)
OMe OMe OMe OMe
5

LAH
OMe OMe

l CrO; CAN l
(@] OMe OMe O
O I
CH—N S CH;—N—S
H Il
O (@]
(@] OMe OMe O
24

Scheme 5. Synthetic pathway of A-[(1,4-dimethoxy—5,8-dioxo—5,8-dihydronaphthalen-
2-yl)methyllnaphthalene-2-sulfonamide (24), N-[(5,8-dimethoxy-1,4-
dioxo—1,4-dihydronaphthalen—-2-yl)methyllnaphthalene-2-sulfonamide (25)



2-Formyl-1,4,5,8-tetramethoxynaphthalene (5)2} naphthalene-2-sulfonamide&
HES A1 A 90% o] Aol &= AN-[(1,45,8 tetramethoxynaphthalen-2-yl)methylene]
naphthalene-2-sulfonamide (22) @& Ao, o5& LAHZ A3t 90% 5
&2 MN-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllnaphthalene-2-sulfonamide
23) 4& 5 AAT. FFE 23& CrO; T CANLZ AN o2 M 6-2 34
24 3 2-A%8A 25 & 45 7 At (Scheme 5)

CrO; & AStAI 2 ALR3t A S Ao F ol AlT 6-A&A 7 oF 72% ©] 49
FER 2-AFA R A YEhta, CANS AFEE Aol 2-28A7F oF 70%
o] FE&EE 6-XFARY =A e



5. MTT Assay

1) Substituted-N-[(1,4,5,8-tetramethoxynaphthalen-2-yl)
(methylene or methyl)benzothiazol-2-amine (6 ~8, 10~12)

Substituted-AV-[(1,4,5,8-tetramethoxynaphthalen-2-yl)(methylene or methyl)]
benzothiazol-2-amine (6~8, 10~12)+= AML-2 A X o3l s o] A7
HolA gkttt (Table 1)

Table 1. Substituted-A~-[(1,4,5,8-tetramethoxynaphthalen-2-yl)(methylene or methyl)]
benzothiazol-2-amine (6~8, 10~12)2] EC;, (ug/ml) %k

OMe OMe R1 OMe OMe R1
R2 R2
O Y X e, LY
CH=N CH—
S R3 2 H S R3
OMe OMe OMe OMe
6~8 10~12
NO. of Ecso (,Ug/n’ﬂ)
R1 R2 R3
Compd. AML-2
6 H H H ND
10 H H H ND
7 H H CH, ND
11 H H CH, ND
8 OCHj; H H ND
12 OCHj; H H ND




2) 6(or 2)-{[(Substituted-1,3-benzothiazol-2-yl)amino]
methyl}-5,8-dimethoxynaphthalene-1,4-dione (14~ 19)

6-218A 91 6-[(substituted-1,3-benzothiazol-2-yl)aminolmethyl-5,8-dimethoxy -
naphthalene-1,4-dione (14, 16, 18) % 2-x 3 A2 2-[(substitutedl,3-benzothiazol
-2-yl)amino]methyl-5,8-dimethoxynaphthalene-1,4-dione (15, 17, 19)%] 5 ©°]A
Aol vt e A= Table 29 30 22 e AT o]E F o] AAE 6-
% 8kA| (Table 2) Xt} 2-x2A (Table 3)7} {2 oz AML-2 Ao ot
ekt ol AeAl yEkutth

6-2 A= HuFE 2 A3 cisplatin Bt} ZE FGSAS YER A
H, ddSAds Hustd 18, 16, 14 sFE cow APAes & F 9
(Figure 1) 2-A &A= 15, 19 33 =o] cisplatin Bt 73 44 S e

24

g s vlustd 17, 19, 15 9 E o= I

Table 2. 6-{[(Substituted—-1,3-benzothiazol-2-yl)amino]methyl}-58-dimethoxynaphthalene-
1,4-dione (14, 16, 18)2] EC;, (ug/ml) %k

(@] OMe R1
R2
PO
CH,—N
2 H S R3
O OMe
(14, 16, 18)
NO. of EC;y (ug/ml)
R1 R2 R3
Compd. AML-2
14 H H H 1.51
16 H H CH, 2.94
18 OCH, H H 5.61
Cisplatin 0.82




—8—— Cisplatin

Aborbance (A senm )

(eRu} . : T .
o.Q 2B 1.0 1.2 20

Compound (ug/ml)

Figure 1. 6-{[(Substituted-1,3-benzothiazol-2-yl)aminolmethyl}-5,8-dimethoxy
naphthalene -1,4-dione (14, 16, 18)



Table 3. 2-{[(Substituted-1,3-benzothiazol-2-yl)amino]lmethyl}-5,8-dimethoxy
naphthalene—1,4-dione (15, 17, 19)2] EC;, (ug/ml) %t

OMe O R1
R2
(I ., T
CH,—N
2 H S R3
OMe O
(15, 17, 19)
NO. of EC50 (ﬂg/ml)
R1 R2 R3
Compd. AML-2
15 H H H 0.41
17 H H CH, 1.63
19 OCH; H H 0.64
Cisplatin 0.82

%\ . 2 Cisplatin

dbocbance (4 senm )

00 0.5 1.0 1.5 20

Compound (gg/ml)

Figure 2. 2-{[(Substituted—-1,3-benzothiazol-2-yl)amino]lmethyl}-5,8-dimethoxy
naphthalene-1,4-dione (15, 17, 19)



3) N-[(1,45,8-Tetramethoxynaphthalen-2-yl)(methylene or
methyl)]-2,3-dihydro—1/H-inden-2-amine (9, 13)

N-[(1,45,8-Tetramethoxynaphthalen-2-yl)(methylene or methyl)]-2,3-dihydro-
1/A-inden-2-amine (9, 13)= AML-2 Ao o3l stotdAlo] A3d Holx &k
t}. (Table 4)

Table 4. MN-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)(methylene or methyl)]-2,3-
dihydro-1/4~inden-2-amine (9, 13)¢] EC,, (ug/ml) %k

OMe OMe OMe OMe
e D) Oy [0
H
OMe OMe OMe OMe
9 13
NO. of EC50 (ﬂg/ml)
Compd. AML-2
9 ND
13 ND




4) 6(or 2)-[(2,3-Dihydro-14H-inden-ylamino)methyl]-5,8-
dimethoxynaphthalene-1,4-dione (20, 21)

6-218A 2l 6-[(2,3-dihydro-1/4~inden-ylamino)methyl]-5,8-dimethoxynaphthalene-
14-dione (20) 2 2-X3A A 2-[(2,3-dihydro-1/-inden-ylamino)methyl]-5,8-
dimethoxynaphthalene-1,4-dione (21)¢] = ol Al it AML-2 rAlxol djgh
g Ay Table 50 HeEFH T o5 F oA A= 6-X A Bt 2-4 3HA]
7F Ao gokgAd o] kAl dErRt

6-2] gk ] 2- ]—E‘r ] =5 BlaeFEQl cisplatin® vt} @ gdE A o] A ERYE

4, 159 Ax5A A3 Aol vus
stgE9o A7 AML-2 Aol 3t Aol FalkA el

Table 5. 6(or 2)-[(2,3-Dihydro—1/~inden-ylamino)methyl]-5,8-dimethoxynaphthalene-
1,4-dione (20, 21)°] EC;, (ug/ml) %k

O OMe OMe O
() ey T O g I

2 H cH, H

O OMe OMe O
20 21

EC;, (ug/ml)
NO. of Compd.
AML-2

20 1.38

21 1.12

Cisplatin 0.82




Aborbance (& sanm )

0.0 T T T

Compound (zg/ml)

Figure 3. 6(or 2)-[(2,3-Dihydro-1/~inden—ylamino)methyl]-5,8-dimethoxynaphthalene—-
1,4-dione (20, 21)



5) N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)(methylene or
methyl) naphthalene-2-sulfonamide (22, 23)

N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)(methylene or

methyl) Inaphthalene-
2-sulfonamide (22, 23)= AML-2 %A >0 tfgl s+ o] dd Ho|A

Ele=
(Table 6)

Table 6. AN-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)(methylene or methyl)]
naphthalene-2-sulfonamide (22, 23)2] EC;, (ug/ml) 3t

OMe OMe OMe OMe
(Lo i
CH=N-S CHZ—N—g
I H I
(0] (0]
OMe OMe OMe OMe
22 23
NO Of EC50 (ﬂg/ml)
Compd. AML-2
22 ND
23 ND




6) N-[(14-Dimethoxy-5,8-dioxo-5,8-dihydronaphthalen-2-yl)
methyl/naphthalene—2-sulfonamide (24), N-[(5,8-Dimethoxy—
1,4-dioxo—1,4-dihydronaphthalen—-2-yl)methyl/naphthalene-
2-sulfonamide (25)

6-2134121  A-[(1,4-dimethoxy-5,8-dioxo-5,8-dihydronaphthalen—2-y1)methylInaphthalene—
2-sulfonamide (24) 2 2-x3kA)¢1 AN-[(5,8-dimethoxy-1,4-dioxo-1,4-dihydronaphthalen-
2-ylmethyllnaphthalene-2-sulfonamide (25)2] F o] Ao ojg FA4S&A A=
Table 70 YEATE olE F oldAE 6-x3A BTt 2-X8A7F AML-2 ¢A
o gk o] AskA yErwkt

6-2 g A = 2-X%A] BT v oFE cisplatin® o} FGTAL FPA g 2-%] g

Ao A5 waekE st B2 dddds Ho] Fov. (Figure 4)

b

Table 7. M-[(1,4-Dimethoxy—5,8-dioxo—5,8-dihydronaphthalen—2-yl)methyllnaphthalene-
2-sulfonamide (24), M-[(5,8-dimethoxy—-1,4-dioxo-1,4-dihydronaphthalen-2-y1)
methyllnaphthalene-2-sulfonamide (25)2] EC;, (ug/ml) 3t

(0] OMe OMe O
0 7
CH,—N—S CH,—N—3
H I H Il
(@] (0]
O OMe OMe O
24 25

ECs, (ug/ml)
NO. of Compd.
AML-2
24 3.28
25 0.85
Cisplatin 0.82




—a— Czplatin
-— bran@ries Pl
= —y— 35
g o,
=] g,
v Sr -
=1
= o
[=F]
(]
=
]
= S
_g -
i
o oz LT
- H e
‘x\x‘h\_\—_‘,
o1 4 --h_-
oo T T T T
0,0 0.5 1.0 1.5 a0

Compound (rg/ml)

Figure 4. A-[(1,4-Dimethoxy—5,8-dioxo—5,8-dihydronaphthalen—2-yl)methyllnaphthalene—
2-sulfonamide (24), MN-[(5,8-dimethoxy—-1,4-dioxo-1,4-dihydronaphthalen-2-yl)
methyllnaphthalene-2-sulfonamide (25)



AV A&

2 AFoAE AFAEES Tt 2089 Al vEAE
9] naphthoquinone FAsH e, FAS s E

st o
—Al= 9
AEES st FLBAS T 549

qergen, 1 F 10%
of WhslA AML-2 %

2

1. Naphthoquinone %A 4

Naphthoquinone 3}3&-2 2-formyl-14,5,8-tetramethoxynaphthaleneE &% =
A2 A FeAd & &3 A& AlA FAS AT AbsRkg-o] Abs)
AZ CrOy ¥ CANS Ab&stdorm, CrOsE AFESHH 6-X8A7F 70% +&=
¥ CANS Ab&std 2-A A7 70% &2 A4 9.

dAE =S 59 2ok
@ NM-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-2-amine (6)
@ N-1(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyllbenzothiazol-2-amine (10)

@ 6-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene -1,4-dione (14)
@ 2-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene -1,4-dione (15)

Hr

o

® 6-Methyl-AV-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methylenelbenzothiazol-
2—-amine (7)

6-Methyl-V-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllbenzothiazol-2-
amine (11)

@ 5,8-Dimethoxy-6-[(6-methyl-benzothiazol-2-ylamino)methyllnaphthalene-
1,4-dione (I6)

5,8-Dimethoxy-2-[(6-methyl-benzothiazol-2-ylamino)methyllnaphthalene-
1,4-dione (I17)

© 4-Methoxy-/V-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methylene]benzothiazol-
2—-amine (8)

@ 4-Methoxy-MV-[(1,4,5,8-tetramethoxynaphthalen-2-yl)methyllbenzothiazol-
2-amine (12)



@ 5,8-Dimethoxy-6-[(6-methoxybenzothiazol-2-ylamino)methyllnaphthalen-1,4-
dione (18)

@ 5,8-Dimethoxy-2-[(6-methoxybenzothiazol-2-ylamino)methyllnaphthalene-1,4-
dione (19)

B M-[(1,4,58-Tetramethoxynaphthalen-2-yl)methylene]-2,3-dihydro-1/4-inden-2-
amine (9)

@ N-[(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyl]-2,3-dihydro-1/4-inden-2-
amine (13)

® 6-[(2,3-Dihydro-1/4-indenylamino)methyl]-5,8-dimethoxynaphthalene-1,4-
dione (20)

® 2-[(2,3-Dihydro-1/4-indenylamino)methyl]-5,8-dimethoxynaphthalene-1,4-
dione (21)

@ N-1(1,4,5,8-Tetramethoxynaphthalen-2-yl)methylenelnaphthalene-2-
sulfonamide (22)

NV-1(1,4,5,8-Tetramethoxynaphthalen-2-yl)methyllnaphthalene-2-
sulfonamide (23)

© AN-[(1,4-Dimethoxy-5,8-dioxo-5,8-dihydronaphthalen-2-yl)methyllnaphthalene-
2-sulfonamide (24)

2 AN-[(5,8-Dimethoxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)methyllnaphthalene-
2-sulfonamide (25)

| naphthoquinone T+%%& 7F#/A X3 A= AML-2 3¢
2o ik aer&EA ol §lil, naphthoquinone Al Arnt &9k A4 E B &
5k naphthoquinone F=A Fol 6-X A H} 2-23A o dFokdA] o]
e AddTh
ALg3  cisplatin®. tF  2-[(benzothiazol-2-ylamino)methyl]-5,8-
dimethoxynaphthalene-1,4-dione(15) ¥ 5,8-dimethoxy-2-[(6-methoxybenzothiazol
-2-ylamino)methyllnaphthalene-1,4-dione (19)2] s +&Alo] &35 &35t AT)
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32 oo
i oX
: o

o

off j?—‘{l
e ot
il

=7
ol
2

o
dlo
o
°
3{_5

R
=
2
i
il



© X N O e W N

10.
11.

12.
13.
14.

15.
16.
17.

18.

19.
20.
21.
22.

Gilman, A. .Sczence, 1946, 103, 409-415.
Gilman, A. Am. J Surg, 1963, 105, 574.
Hurley, L. H. /. Med Chem. 1989, 32, 2027-2033.
Reynolds, C. A. J Am Chem. Soc, 1990, 112(21), 7545-7551.
Khalil, M. A.; Habib, N. S. Arch. Pharm.(Weinheim, Ger.), 1990, 323(8), 471- 474.
Lin, H. C.; Chang, W. L.; Chen, G. L. ZZwonghua Yaoxue Zazhi, 1991, 43(6)
Schally, A. V.; Janaky, T.; Juhasz, A.; Bajusz, S. EP 450461 AZ2.
Tandon, V. K.; Vaish, M.; Khan, Z. K. ./ Chem, Sect B, 1993, 2B (4), 445-448.
Buzzetti, F.; Brasca, M. G.; Crugnola, A., Fustinoni, S.; Longo, A.; Penco, S.;
Dalla Zonca, P.; Comoglio, P. M. Zarraco, 1993, 48(5), 615-636.
Lin, H. C.; Chang, W. L. Zong/ua Yaoxue Zaz/i, 1993, 45(1), 85-87.
Cheng, C. C.; Dong, Q.; Liu, D. F.,; Luo, Y . L.; Leroy, F.; Chen, A. Y.;Y u, C,;
Savaraj, N.; Chou, T. C. /. Med Chem., 1993, 36(25), 4108-4112.
Moullet, O.; Dreyer, J. L. ./ Brockern., 1994, 300(1), 99-106.
Reynolds, C. A. 7t /. Quantum Chem., 1995, 56(6), 677-687.
Attardo, G.; Barbeau, F.; Breining, T., Courchesne, M.; Emmerson, D.; Krasik,
P.; Kraus, J. L.; Labrecque, D.; Lamothe, S. Book of Abstracts, 211th ACS
National Meeting, New Orleans, LA, March, 1996, 24-28.
Halinska, A.; Belej, T.; O’ Brien, PJ. Br. ./ Cancer, Suppl, 1996, T4(27),s23-s27.
Ahn, B. Z.; Kim, Y.; Baik, K. U. PCT Int. Appl.,, 69 pp.
Portugal, Samira da Guia Mello, Herrera, Juan Omar Machuca; Brinn, I. M. Zu//
Chem. Soc. Jon., 1997, 70(9), 2071-2076.
Kwon, K. S.; Choung, S. Y. Zes Comnum Mol Fathol Fharmacol, 1997,
97(2), 215-228.
Orrenius, S., Zrends FPharmacol Sci., 1985, 6, S16-S20.
Miller, M. G.; Rodgers, A.; Cohen, G. M., Brochem Fharmacol, 1986, 35,
Pan, S. S.; Pedersen, L.; Bachur, N. R. Mo/ Fharmacol, 1981, 23,3934.
Lown, J. W.; Sim, S. K; Majumdar, K. C.; Chang, R. Y. Arochem ZFiophHys.
Fes. Commun., 1977, 76, 705.



23.
24.
20.

26.
217.

28.
29.

30.

31

32.

33.

34.

30.

36.

Bachur, N. R.; Gordon, S. L.; Gee, M. V. Carncer Fes., 1997, 38, 1745.

Hertzberg, R. P.; Dervan, P. B. Brocherristry, 1984, 23, 3934.

Silverman, R. B. “The Organic Chemistry of Drug Design and Drug Action
"Academic Press, Inc., 1992, 255-258.

Kappus, H. Zrochem. Fharmacol, 1986, 35, 1-6.

Gant, T. W.; Rao, D. N. R.; Mason, R. P.; Cohen, G. M., Chemn. -Fiol Interact,
1988, 65, 157-173.

Powis, G.; Appel, P. L., Brochern FPharmacol 1980, 29, 2567-2572.

Hertzberg, R. P. Agents Interfering with DNA Enzymes “Comprehensive
Medicinal Chemistry” Pergamon Press: Oxford, 1990, 2, 753-791.

Carmichael, J.; DeGraff, W. G.; Gazdr, A. F.; Minna, J. D.; Mitchell, J. B. Carcer
Lesearch, 1987, 47, 936-946

Park, J-E., Kramer, B. S.; Steinberg, S. M.; Carmichael, ], Collins, J. M,
Minna, J. D.; Gazdar, A. F. Carncer Fesearch, 1987, 47, 5875-5879

Scudiero, D. A.; Shoemaker, R. H., Paull, K. D., Monks, A., Tierney, S.
Nofziger, T. H.; Currens, M. J.; Seniff, D.; Boyd, M. R. Carnicer Fesearch., 1988,
48, 4827-4883

Rubinstein, L. V., Shoemaker, R. H.; Paul, K. D.; Simom, R. M.; Tosini, S.;
Skehan, P.; Scudiero, D. A.; Monks, A.; Boyd, M. R. ./ Nat /ns., 1990, 82(13),
1113-1118

Alley, M. C.; Scudiero, D. A.; Monks, A.; Hursey, M. L.; Czerwinski, M. ],
Fine, D. L.; Abbott, B. J.; Mayo, J. G.; Shoemaker, R. H.; Boyd, M. R. Cwcer
Kes., 1988, 48, 589

Carmichael, ], DeGraff, W. G.; Gazdar, A. F.; Minna, J. D.; Mitchell, J. B.
Cancer Fes., 1987, 47, 936

Scudiero, D. A.; Shoemaker, R. H., Paull, K. D.,, Monks, A., Tierney, S.
Nofziger, T. H.; Currens, M. J.; Seniff, D.; Boyd, M. R. Carcer Fes. 1988, 48,

37. Nationl Cancer Institute USA : Cell culture technical procedures, 1972

38.

Goldin, A.; Venditti, J. M., Macdonald, J. S.; Muggia, F. M.; Henney, J. E.;
Devita, V. T. Zurop. /. Cancer, 1981, 17, 129-142

39. Kallmann, R. F. Carcer Fes. 1985, 45, 6541-6545

40.

Martin, D. S.; Balis, M. E.; Fisher, B.; Frei, E.; Freireich, E. J., Heppner, G. H.;



41.
42.
43.
44.
45.

Holland, J. F.; Houghton, J. A.; Houghton, P. J.; Johnson, R. K.; Mittelman, A.;
Rustum, Y.; Sawyer, R. C.; Schmid, F. A.; Stolfi, R. L.; Young, C. W. Carcer
KHes. 1986, 46, 2189

Benthey, W. H.; Robinson, R.; Weizmann, C. / Chem. Soc., 1907, 104-112.
Carter, A. H.; Race, E.; Rowe, F. M. /. Chem. Soc., 1942, 236-239.

Zweig, A.; Maurer, A. H., Roberts, B. G. ./ Org Chem., 1967, 32, 1332.
Bacon, R. G. R.; Rennison, S. C. /. Chem. Soc(C), 1969, 312-315.

Godgrey, 1. M.; Sargent, M. V.; Elix, J. A. /. Chem Soc, Perkin 7rans.,

1974, 1, 1353.



'H NMR Spectra
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6-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene—1,4-dione (14)

2-[(Benzothiazol-2-ylamino)methyl]-5,8-dimethoxynaphthalene—1,4-dione (15)
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5,8-Dimethoxy—-6-[(6-methylbenzothiazol-2-ylamino)methyllnaphthalene-1,4-
dione (16)
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5,8-Dimethoxy-2-[(6-methylbenzothiazol-2-ylamino)methyllnaphthalene-1,4-
dione (17)

[wd]
(ap -



) . 1 I
_JILT,T;WU L JHL_ .JJ!L_

T e e =T — — - g - = — — = —— T =
T S N [
B B 4 2

5,8-Dimethoxy-6-[(6-methoxybenzothiazol-2-ylamino)methyllnaphthalen-1,4-
dione (18)
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5,8-Dimethoxy-2-[(6-methoxybenzothiazol-2-ylamino)methyllnaphthalene-1,4-
dione (19)
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6-[(2,3-Dihydro-1/~indenylamino)methyl]-5,8-dimethoxynaphthalene-1,4-dione (20)
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2-[(2,3-Dihydro-1/4~indenylamino)methyl]-5,8-dimethoxynaphthalene-1,4-dione (21)
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MN-[(1,4-Dimethoxy-5,8-dioxo-5,8-dihydronaphthalen-2-yl)methyllnaphthalene-2-
sulfonamide (24)
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N-[(58-Dimethoxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)methyllnaphthalene-2-
sulfonamide (25)
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