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Abstract

Synthesis and evaluation of naphthoquinone
der ivatives

Jong Jin Jeon

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

Graduate School of Chosun University

Quinone is a common constituent of biologically relevant molecules (e.qg.
Vitamin K1 is phylloguinone). Others serve as electron accepters in electron
transport chains such as those in Photosystems | & |l of photosynthesis, and
aerobic respiration. They are widely distributed in nature and play a
important biological part, but also happen as substances of potential
toxicological significance in environmental pollutants, and some are used to
anticancer drugs.

The compound which is consisted of a structure of naphthoquinone has an

antimicrobial and antitumor activity. The cytotoxicity of these quinone
analogues results from the inhibition of DNA topoisomerase-||.

In the study, 20 compounds with a naphthoguinone moiety were designed and
synthesized to investigate the cytotoxicity anti-cancer cell activity against
AML-2 /WT (leukemia disease) and A549 (lung cancer). 6- and 2-sunstituted
naphthoquinone derivatives were prepared and investigated in order to figure
out the relation between the position of dione and the cytotoxicity and
antitumor activity.

2-Formyl-1,4,5,8-tetramethoxynaphtalene, the key starting material, was

_iv_



synthesized from 1,5-Dihydroxynaphthalene via four—-step reaction which has a
methylation, bromination, methoxylation and formylation. The oxidative
demethylation of substituted 1,4,5,8-tetramethoxynaphtalenes by chromium (V1)
oxide and cerium (IV) ammonium nitrate yielded two different isomers: 6-
substituted and 2- substituted 5,8-dimethoxy-1,4-naphthoquinone derivatives.
Synthesized 6- and 2- substituted 5,8-dimethoxy—-1,4-naphthoquinone
derivatives showed a potent anticancer activity in MTT Assay against AML-2/WT
and A549 anti-cancer. Most 2-substituted 5,8-dimethoxy-1,4-naphthoquinone
derivatives showed much higher cytotoxicity in antitumor activity than
6-substituted 5,8-dimethoxy—1,4-naphthoguinone derivatives. We concluded that
1,4-dione functional group should be located at the right rather than the
left one for better activities. Moreover, introduction of benzothiazole and
thiazole side chain at the C-2 or C-6 position of 5,8-dimethoxy—1,4-naphtho
quinone showed much better anti activity than other 2-formyl-1,4,5,8-tetra
methoxynaphtalene and other substituted-A~((1,4,5,8-tetramethoxynaphthalen-2-

yl)methylene)thiazol-2-amine.
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1. Z1
1. Synthesis of 2-formyl-1,4,5,8-tetramethoxynaphthalene

1,5-Dimethoxynaphthalene (1) &Y% =& =2 ot methylation, bromination,
22 &6 naphthoguinone S =AM 2l &

u
=
s

methoxylation, formylation2 4
82 e ZS2U=SEQ 2-formyl-1,4,5,8-tetramethoxynaphthaleneS &4 otiCH.

(Scheme 4.) 4 CHH BtE = methylation (65.1%), bromination (bromine AFZ Al
70%, NBSAFE Al 80%), formylation (96%) =85 2 UL, methoxylation 2 55%
LEEFLH RACE.

fio

o =8Z 4H] Bt T OtE &2 ttsd

OH OCH, OCH, Br

OO (CH,),S0, OO Br, / CCl, OO
—_—

or NBS / acetonitrile

10%NaOH
OH OCH, Br  OCH,
NaOCH, , Cul
OCH, OCH, OCH, OCH,
POCI, / DMF ! l
! l CHO
OCH, OCH, OCH, OCH,

Scheme 4. Synthetic pathway of 2-formyl-1,4,5,8-tetramethoxynaphthalene
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2. Synthesis of substituted-A-((1,4,5,8-tetramethoxynaphthalen
-2-y|)methylene)thiazol-2-amine

Benzene=S Z0HZ 6t triethylamine =MotUHIA 2-formyl-1,4,5,8-tetramethoxy
naphthalene 2} substituted aniline (2-amino-5-methylthiazole, 2-amino—-4-chloro
benzothiazole, 2-amino-6-chlorobenzothiazole, 2-amino—-5-(methylthio)-1,3,4-thiad
iazole)2 PFESAIH & 70% OlAlS] &2 2 substituted-A-((1,4,5,8-tetramethoxyn
aphthalen-2-y|)methylene)thiazol-2-amine &4otRUCEH. 0 BIS2E2 SHISFO
ool 20l HMHEUJACH. O0I=2 lithium aluminum hydride (LAH)Z Xc2lat
diethyl ether2 THZ&EoIH 95% Ol&2 =2 =8¢ ZF Substituted-V

-((1,4,5,8-tetramethoxynaphthalen-2-y|)methy!)thiazol-2-amine & ULC}.

3. Synthesis of naphthoquinone derivatives

Substituted-M((1,4,5,8-tetramethoxynaphthalen-2-y | )methyl)thiazol-2-amine
o2 2H naphthoquinone S EME &&HGH <oiM &tSEHIZ chrominum (V1)
oxide2t cerium (I1V) ammonium nitrate (CAN)E AIESI™JA2M, Cr0:2= 6-X2HAll,
Jell CANSZ2E 2-XISHE FMHEE=2 22 =
+E22 6-XEAHI 2-XISMECH 22t =QULCH.

It

A

$Q on

Ct.
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4. SHIZEO0 CHE MTT &8
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i 1 2 3 4 5 B 7

Compound concentration (uM)

_— 4-thlurp- M-((1,4 5 G-tetramethoxmaphihalene-2-yimethylene) benzothiazol
re i A:EL?UT;TE-(H 4 5 B-tetramethoxynaphthalene-2-yiimethylben zothiazal
—— g — Elz_{'i;ﬁllrlt;uhe nzothiazol-2-yla mino jmethy-5-8-dimetho zynaphthalene-1 4-
s QLZ;-nEghlurnbenzmhiazﬂl-?- ylarnino)methyl5-8- dimathoxynaphthalene-1 4-

ane

Scheme 5. Cytotoxicity of 6(or 2)-((4-chlorobenzothiazol-2-ylamino)
methy|)-5,8-dimethoxynaphthalene-1,4-dione against AML-2 cells

6-((4-Chlorobenzothiazol-2-ylamino)methy|-5-8,dimethoxynaphthalene—1,4-dione
(7)3&8r=20l 2-((4-chlorobenzothiazol-2-ylamino)methy |-5-8-dimethoxynaphthal



ene-1,4-dione (8)3IE22CH AML-2(leukemia MIEZ) LAIZO0 CHGIH MESAO|
26HH UHEFGCH, 830 2-formyl—-1,4,5,8-tetramethoxynaphthalene 26 &4
4—chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y| )methylene)benzothiazol-2-am

ine (5) 2 4-chloro-M((1,4,5,8-tetramethoxynaphthalene—2-y|)methy!)benzothia
zol-2-amine (6) & YCIE St = U022 LIEHGCE.

(5
OCH, OCH, OCH, OCH,
I ) e wﬁi; * NJﬁ(;
OCH; OCH OCH, OCH
ED., (ug/m@) ND ND
(7
0 OCH,; O
O o NQQ ﬁ N@i;
0 OCH O
EDs, (ug/me) 0331 0.4683
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—a— Bl hlnlru:u-N-(ﬁ A 5 B-tetramethoxynaphthalene-2-ylimethylene)ben zothiazol
N - l52I:alﬁTu;I:::a M-((1 4 5 B-tetrameth oxynaphthalene-2-ylimeth yljbenzothia zol
S éi?ﬁr?gr];orubenmlhiazul-z-j.dam inaymethyl-5-8-dimethoxynaphthalene-1 4-
— iy Q-dg?ﬂﬂhlurnhenm:hiaznl—?- yamingymethyl5-B-dimethoxynaphthale ne-1 4-

long

Scheme 6.  Cytotoxicity of 6(or 2)-((6-chlorobenzothiazol-2-ylamino)
methy|)-5,8-dimethoxynaphthalene—1,4-dione against AML-2 cells

2-((6-Chlorobenzothiazol-2-ylamino)methy|-5-8,dimethoxynaphthalene—1,4-dione
(12)3t8t=20| 6-((6-chlorobenzothiazol-2-ylamino)methy|-5-8-dimethoxynaphthal

ene-1,4-dione (11)SE2SZCH AML-2(leukemia MIZE) L AIZH CHSIO MIIESAHOI
ZotAH LIEHSCH, BHHOI 2-formyl-1,4,5,8-tetramethoxynaphthalene®2H &&=
6-chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y| )methylene)benzothiazol-2-am

_‘I‘I_



ine (9) 2 6-chloro-A~((1,4,5,8-tetramethoxynaphthalene—2-y|)methy!)benzothia

zol-2-amine (10) & YCIE St 9= UO 2 LIEHGCE.

(9 (10)
OCH, OCH, OCH, OCH;8
‘ N a OO N|‘/©/ cl
O CH=N Jl\?/(j/ CHz—E J\S
OCH, OCH, OCH, OCH,
ED, (ug/m2) ND ND
(11) 12)
o och, OCH, O
Cl
Ul o MY S e AT
CHy—N JLS CHQ—EJ\S
O OCH, : OCH; O
EDs, (ug/m@) 0.7032 0.4541
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0.0 - nn .__j—;-¢q=_._:'__.—._-u-w¢;———u—-—-—--—-—¢:‘————¢
T T T T T T
1] 1 2 3 4 5 g 7
Compound concentration {ph)
——#—— 5. Methyk (1,45 B-tetramethosynaphthalen-2- yimethylene)thiazol-2-amine
R v S f- Methydk-M-((1 4 5 S-tetramethosynaphthalen-2- yWmethyl)thiazo b 2-amine
— e — = 6 B-Dimethony-6-(5-methythiazol 2-ylamino ) methy naphthalene-1 d-dione
—-=bho—o 5 B-Dimetha sy-2—(5-methyithizzol-2-vlamina) metfydinaphthalene-1 4-dione

Scheme 7. Cytotoxicity of

5,8-dimethoxy-6(or 2)-2-((5-methylthiazol-2-y|

amino)methy!)naphthalene-1,4-dione against AML-2 cells

5,8-Dimethoxy-2-((5-methylthiazol-2-ylamino)methy| )naphthalene-1,4-dione(16)
=0| 5,8-dimethoxy-6-((5-methylthiazol-2-ylamino)methy|)naphthalene-1,4-

sare

dione (15) 3t&t=2 2CH AML-2(leukemia MIZE) 2QMZH ol MIZSAE0| 26HAH
LIEFGCEH., BHHOI 2-formyl-1,4,5,8-tetramethoxynaphthalene®t 2-Amino-5-

methylthiazoleZ2 &A%l 5-methyl-A((1,4,5,8-tetramethoxynaphthalen-2-y|)meth
ylene)thiazol-2-amine (13) 2 5-methy|-A-((1,4,5,8-tetramethoxynaphthalen-2-

_13_



yl)methyl)thiazol-2-amine (14)2 ECIE S} Sili= 212 &0I6
(13) (14)
OCH, OCH, OCH, OCH,
OO CHEN S CH OO CHN—( 5~ CHs
R YA I
OCH, OCH, OCH, OCH,
ED, (ug/me) ND ND
(15) (16)
G OCH, OCH, O
S
_ CH S
.O CHs T\H—(j 3 “ CH—N \]CHS
O  OCH HoN H N
3 OCH, O
0.360

0.5495

EDsq (ng/me)
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AML-2 cell concentration

0.0 +

Compound concentration (pM)

—#——  S-(methylthia)-M-{{1 4 5 3-tetramethoxynaphthalen-2-ylimethylene)-1,3 4-
thiadiazol-2-amine

-------- Qe Befmethylthio]-M-((1 4 5 B-tetramethoxynaphthalen-2-yymethyl-1 3 4-thiadi
azal-2-amine

———y———  55-dimethoxyB-{(5-(methylthio)-1 3 4-thiadiazol-2-ylaminoimethylinaphtha
lene-14-dione

—-—=-—- 5 G-dimethoxy-2-((5-(methylthiol- 1,3 4-thiadiazol-2-ylaminoimethylinaphtha

lene-14-dione

Scheme 8. Cytotoxicity of 5,8-dimethoxy-6(or 2)-((5-(methylthio)-1,3,4-thia
diazol—- 2-ylamino)methy| )naphthalene—1,4-dione against AML-2 cells
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5,8-Dimethoxy-2-((5-(methylthio)-1,3,4-thiadiazol-2-ylamino)methy | )naphtha
lene—1,4-dione (20) SI&F=22 5,8-dimethoxy—-6-((5-(methylthio)-1,3,4-thiadiazo
|-2-ylamino)methy| )naphthalene-1,4-dione (19) 2Ct AML-2(leukemia MIZ) Al
IOl CHoltd MEZSH0l 2otH LIEFGCH. SHXI2H 5-(methylthio)-A-((1,4,5,8-
tetramethoxynaphthalen-2-y | )methylene)-1,3,4-thiadiazol-2—-amine (17) 5-(meth
ylthio)-M((1,4,5,8-tetramethoxynaphthalen-2-y|)methy|-1,3,4-thiadiazol-2-ami

ne (18) 2 & OI&4&M ECH EUE2 activitydl 9= 22 S0lgALt.

a7 (18)
OCH, OCH, OCH; OCH,
o S TPUIEN ¢ &I
CH=N—" J—"cH, 2 1 Q_ﬁ CH,
OCH, OCH, N OCH; OCH,8
EDs, (ug/me) ND ND
19 (20)
eI ¢ ¢ P
SRR e
0O OCH, : OCH, O
ED, (ug/me) 1375 0.234
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Scheme 9. Cytotoxicity of cisplatin against AML-2 cells
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EDsp (ug/me) 16

14
12
08 - 0.7 0.75
06

D.46 0.45
04 | 033

D.!-I
0 -

7 a 11 iz 15 16 19 20 Cisplatin

Mo, of compd

Scheme 10. The relationship(EDsy) between naphthoguinone derivatives compounds

and cisplatin in AML-2 cells

Hnt=0l Cisplatin@ MIT Z 1 EDsegt0l 0.756 wg/méZ LIEFGCH. Cisplatin
EDsoat2 (19)SESELE e NMESHS EU2H (11)JIES EDseatdt HO
SAtet g2 20 MO =Z  6-substituted®t 2-substituted

naphthoguinone S&X S22 HIWU2 HIWGIAS [ AML—2 anti-cancer AIZ0

2 EX 26 ZIUE JIESCE. 48 naphthoguinone |SEM SHEE2S2 HIWUF=0!

Vinblastindt Paclitaxel HIoH G =2 EDxp af= JHKIO] AB46 MO CHEH £E2 A £
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EDg (ug/me) 70
5873

48.83
50 o
42,67

10 4 38.26
30 +
20 | 17.71

9.26
10 +

l 223 263
o4 : : : : N

7 8 11

Vinblastine Paclitaxel

No. of comod.

Scheme 11. The relationship(EDsy) between naphthoguinone derivatives compounds

and Vinblastin and Paclitaxel in A549 cells
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1. Synthesis of 2-formyl-1,4,5,8-tetramethoxynaphthalene

1) 1,5-Dimethoxynaphthalene (1)

OH OCH,
(CH.),S0,
OO 10% NaOH OO
OH OCH,
1,5-Dihydroxynaphthalene (1)

1,5-Dihydroxynaphthalene 100 g (0.62 mol)& mechanical stirrer2 10% NaOH
== M 600 MmOl =010, dimethyl sulfate 182 ME A20A <& 3B/HE SO &I}
O 6AI2E SOt WG CH MHE M FNES 5% NaOH =EEHCZE K Al
st ok 80 COIAM 12 Al2t Ol& AEGHH ZAIRACH. 80 T QLUAMEHMA A
g= ethyl acetateOil &&aol =0 48 OJI0l active carbonES Jtotd <F

£ Buchner funnel 2 O{tst OIS HHHZS H2AIHA

taol AA 1 5-dimethoxynaphthalene (1) 23 g (65.1 %) 2L RUC}.
ield : 65.1 %
"H NMR (300 MHz, CDCls) & 7.84(2H, d, J = 8.7 Hz), 7.37(2H, t, J = 8.7 Hz),
6.86(2H, d, J= 7.8 Hz), 3.99(6H, s)

02 =2t uWetotALCt. Ol

T M
>_

N Mo
T ow
w S

H
[

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

OCH, OCH, Br
- LI
_ =
LD —
OCH, Br OCH,

Step 1

4,8-Dibromo-1,5-dimethoxynaphthalene (2) 40 AIEEH= 2RE ZXNEB= AHAX
Jl 100 CTUHIA 12 A2 Ol&F HAZGI0H AFESHALCH. 1,5-dimethoxynaphthalene (1)
23 g (0.12 mol)S AHZX= three—neck round bottomed flaskOll €10, AIESIEFA
350 MmOl JFE S0 =RACH. Bromine 12.6 M (0.24 mol)E AMEFEA 38 Mt &
gct, 0] S8 8UZ2 B2 GtUA 45652 SOt HIb otUCH. 2 1AI2F Set2 o
B2 A2 F BISgdHs W2HAI|D OUSHRUCH. BHS22 TLCE 20l 5id 10 0l
=AMOl Z2H 4,8-dibromo-1,5-dimethoxynaphthalene (2) 31.5 g (70 %) ZUACt
Yield : 70 %

"H NMR (300 MHz, COCls) & 7.92(2H, d, J = 8.5 Hz), 6.75(2H, d, J = 8.4 Hz),

3.95(6H, s)

ocH, OCH, Br
= O
_—
D ==
ocH, Br  OCH,
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Step 2

1,5-Dimethoxynaphthalene (1) 23 g(0.12 mol)S acetonitrile XN E2 US
0 C AEHOIA NBS(Mbromosuccinimide) 45 g2 &&o|l €0 wWBHGHULCH. BHS20]
ZHAHALER O] SEHSH MEHO Ol22 St CHS acetonitrile2t methanolZ Oi2d HH
MOZECH. 50 CTOHIA HAZXZAIH BHAHO] 2 X 4 8-dibromo-1 5—d|methoxynaphtha|ene
(2) 36 g (80 %) LRACE.
Yield : 80 %
"H NMR (300 MHz, COClg) & 7.90(2H, d, /= 8.5 Hz), 6.70(2H, d, J = 8.4 Hz),

3.91(6H, s)

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

OCH, Br OCH, OCH,
OO NaOCH, / Cul OO
Br OCH OCH, OCH,

3

(2) (3)

), copper(l) iodide

4,8-Dibromo—1,5-dimethoxynaphthalene (36 g, 0.104 mo
ol)= DMF 50 % methanol
o)

(67.6 g, 0.36 mol) sodium methoxide (19.3 g, 0.36 mo
200 750 me0fl =010, 2F 28A12F S0 70 T AMEHOIAM &=
S WaAIZ2I OS2 22 FIlolo MHEL =
SAFE22 80 CTOUHIAM 2F 12 Al2E Ol&F HAXAI2I &, methylene chloride 1 LO
E2SS R0l st HIHst UOS Mg 2 ==Hol g2 M
benzeneC = THZ Ao DIZ2HS| ZAH 1,4,5,8-tetramethoxynaphthalene (3) 14
AALE.

Yield : 55 %

'H NMR (300 MHz, CDCls) & 6.93(4H, s), 3.98(12H, s)

)
[w)
<
00
Qo
ol
2

—

2
(=]
o

rr
1]
r
0
1o
=)
[
>
Y
ol
<4
~ 0

0x
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4) 2-Formyl—-1,4,5,8-tetramethoxynaphthalene (4)

OCH, OCH, QCH; OCH,

O O POCI, / DMF OO
CHO

OCH, OCH, OCH, OCH,

(3) (4)

250 m¢ three-neck round bottomed flaskOl DMF (8.15 m¢, 0.1 mol)2t POCl;

9.78 M, 0.1 mol)E €0 &&Sst TS OJI0ll 1,4,5,8-tetramethoxynaphthalene

4) 5.1 g (0.02 mol)= chloroform 45 ml0ll =01 202 S92t MASl &Jist & &

OtUIA < BAIZ2E S0oF WBIGIRAULCEH. BtS =2 Y2AIZ2l s €82 100

=), methylene chloride2 2~33] F=Z0IJULt. Methylene chlorideS=2 20t

= EM0tOdUIs22 22 MHost U2 22 HX0t12, benzenedt n-hexane2 2

Z4ot €& [l= gM9 Z2F 2-formyl-1,

(4) 5.3 g (96 %)= LAULCt.

Yield : 96 %

'H NMR (300 MHz, CDCls) & 10.89(1H, s), 7.26(1H, s), 7.05(1H, d, /= 8.7 Hz),
6.94(1H, d, /= 8.7 Hz), 4.0(3H, s), 3.99(3H, s), 3.92(3H, s) 3.91(3H,

s)

P—

_|>

Z 40 v Ju

,5,8-tetramethoxynaphthalene
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2. Synthesis of 6(or 2)-((4-chlorobenzothiazol-2-ylamino)
methyl)-5,8-dimethoxynaphthalene-1,4-dione (5~8)

1) 4-Chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y|)methylene)benzothiazol
-2-amine (5)

OCH, OCH, OCH, OCH,
2-Amino- N
4-chlorobenzothiazole |
e
CHO S
OCH, OCH, OCH, OCH, cl
(4) (5)

Dean-Stark trapOl &==l 100 ml 2 Z2A A0 2-formyl-1,4,5,8-tetrameth
oxynaphthalene (4) 2 g (7.25 mmol)Z} 2-amino-4-chlorobenzothiazole (1.34 g,
7.25 mmol)& €1, OIZ benzene 20 MmOl =0l Ct& OGIDI0 triethyl amine 1.03
ml (7.25 mmol acid & 300 #2Z pH 450t SI&8 %UE O3S
O] M &= TLCZ =QIoHALCH. Bt 0l

Aoz W2AA2l Os 84& & et
oo 3=5t, HeE 2y EF8H Ch3 methanol2 MZBEHGIH A
4-chloro-M-((1,4,5,8-tetramethoxynaphthalene-2-y | )methylene)benzothiazo|-2-
amine (56) 2.2 g (69 %) UL},
Yield : 69 %
'H NMR (300 MHz, DMSO) & 9.43(1H, s), 7.74(1H, dd, /= 8.0 and 1.0 Hz), 7.65
(1H, s), 7.49(1H, dd, J = 7.8 and 1.0 Hz), 7.04(1H, t, J = 7.9 Hz),
7.03 (1H, d, J = 8.7 Hz), 6.94(1H, d, J = 8.7 Hz), 4.04(3H, s),
4.00(3H ,s), 3.93(3H, s), 3.92(3H,s)

=
o

=2
S
o
=

Bl

o
0y
0 R 0

=
|0

|D:l
=
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2) 4-Chloro-A~((1,4,5,8-tetramethoxynaphthalene—2-y|)methy|)benzothiazol
—-2-amine (6)

OCH, OCH, OCH, OCH,
_—
O CH= N—I\‘/Q “‘CH—N‘CQ
OCH, OCH, OCH, OCH,

(6)

4-chloro-M-((

amine (5) 2.17 g (4.90 mmol )2t THF(tetrahydrofuran) 30 mlES 100 ml S22 flask

wWEHSHHAM LiAlH, (195.7 mg, 4.90 mmol)2 MAGI Ji8t & A20A <

OF LIBIGIALCH. BHS 22 methylene chlorideE2 = A0 AUS2=Z

+22 HNAS T ZLSFot, Diethyl ether2 MAXOH0 HSH Mol AH

4—chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y| )methy|)benzothiazol-2-amine

(6) 1.93 g (89 %)= LAULH.

Yield : 89 %

'"H NMR(300 MHz, OMSO) & 7.43(1H, dd, J/ = 7.8 and 0.6 Hz), 7.29(1H, dd, J =
8.0 and 0.6 Hz), 7.18(1H, s), 6.96(1H, t, J = 8.2 Hz), 6.96(1H, s),
6.82(2H, s), 4.70(2H, d, J = 5.8 Hz), 3.94(3H, s), 3.86(3H ,s),
3.80(3H, s), 3.78(3H, s)

1,4,5,8-tetramethoxynaphthalene-2-y|)methylene)benzothiazo|-2-

3) 6-((4-chlorobenzothiazol-2-ylamino)methy|)-5,8-dimethoxynaphthalene-1,4-
dione (7)

4—chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y|)
amine (6) 861.1 mg(1.95 mmol)S acetone 20 m¢ & = 4 mLe} &8st CS W Btol
HA 4 C OIBHUIA Cr0s 203.2 mg (1.95 mmol)S 201 =012, Ol Al HS0s 164

methy| )benzothiazol-2-
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¢ (2.93 mmol)Z MAIGI HIbEH £ HZ5H0] A20IH 1AIZ SO REHGHACH
iSOl AWHETE TLCE QI ELSHO0I O 014 LIEHLIX 2 S8 sS2
s & 24 010

£ methylene chloride2 F&ot11, R

H&s2z =22 HHGIH LS

ether2 HZHGIH &M 2H

,8-dimethoxynaphthalene-1,4-dione (7

Yield : 75 %

'H NMR(300 MHz, DMSO) & 8.86(1H, t, J = 5.8 Hz), 7.69(1H, s), 7.66(1H, d, J =
7.8 Hz), 7.30(1H, d, J = 7.8 Hz), 7.00(1H, t, J = 8.0 Hz), 6.81(2H,
s), 4.70 (2H, d, /= 5.8 Hz), 3.85(3H, s), 3.82(3H ,s)

gt & B &
2 acetonedt diethyl
—((4-chlorobenzothiazol-2-ylamino)methy!)-5
) 600 mg (75 %) LALL.

4) 2-((4-chlorobenzothiazol-2-ylamino)methy!)-5,8-dimethoxynaphthalene—1,4-
dione (8)
4-chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y|)methy|)benzothiazol-2-
amine (6) 861.1 mg (1.95 mmol)= acetonitrile 15 mee} E&SH (IS WEHSHEHA
4 C Olotol A CAN(ammonium cerium (IV) nitrate) (2.72 g, 4.87 mmol)S
mol =0 XS MMSI HIt SIACH. vrSe MNHHEETE TICZ EQIotH =
&0l O Ol& LIEHLERI 22H &I BHES =22 methylene chloride2 F=Z0t1
g0 = Z NES & 22 24 0IOUs2Z €010 2ASF ot
& gt £ acetoneldt n-hexaneZ MZZol( S Wt e Z2F
2-((4-chlorobenzothiazol-2-ylamino)methy|)-5,8-dimethoxynaphthalene-1,4-dione
(8) 490 mg (61 %) LALCH.
Yield : 61 %
'"H NMR(300 MHz, DMSO) & 8.64(1H, t, J = 6.0 Hz), 7.66(1H, d, /= 7.7 Hz ),
7.55(2H, s), 7.30(HH, d, J = 7.9 Hz), 7.03(H, t, J = 7.9 Hz),
6.63(1H, s), 4.47(2H, d, /= 6.0 Hz), 3.85(3H, s), 3.82(3H ,s)

nio
Wo o

010
o
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OCH, OCH,

OO N
CHZ—N—I\|
| S
H
Cl

OCH, OCH,

l CrO, or CAN

O  OCH, OCH, 0O
N| . N|
O I g
H H
O  OCH, cl OCH, O C
(7) (8)
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3. Synthesis of 6(or 2)-((6-chlorobenzothiazol-2-ylamino)
methyl )-5,8-dimethoxynaphthalene-1,4-dione (9~12)

1) 6-Chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y|)methylene)benzothiazol
—-2-amine (9)

OCH, OCH, OCH; OCH;
2-Amino-6-chloro- N Cl
benzothiazole
O O e 1T
CHO S
OCH, OCH, OCH, OCH,
(4) (9)

chlorobenzothiazole 1.34 g (7.25 mmol)2 3t&2 59 S4B 22 Ygo=z Bt

SAA =M 2EH 6-chloro-A((1,4,5,8-tetramethoxynaphthalene—

ene)benzothiazol-2-amine (9) 2.96 g (93 %) L AL}.

Yield : 93 %

'H NMR(300 MHz, DMSO) & 9.45(1H, s), 7.90(1H, d, J = 8.8 Hz), 7.81(1H, d, J =
2.0 Hz), 7.63(1MH, s), 7.43(1H, dd, /= 8.6 Hz and 2.0 Hz), 7.04(1H, d,
J = 8.7 Hz), 6.94(1H, d, J = 8.7 Hz), 4.04(3H, s), 4.00(3H ,s),
3.93(3H, s), 3.92(3H, s)

2-Formy|-1,4,5,8-tetramethoxynaphthalene (4) 2 g (7.25 mmol) 2} 2-amino—6-
2_

y1)methy!|

2) 6-Chloro-A~((1,4,5,8-tetramethoxynaphthalene—2-y|)methy!)benzothiazol
—-2-amine (10)
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OCH, OCH, QCH, OCH,

O I * NATCV

OCH, OCH, OCH, OCH,
(9) (10)

6-Chloro-M((1,4,5,8-tetramethoxynaphthalene-2-y|)methylene)benzothiazo|-2-

amine (9) 2.17 g (4.90 mmol)2 3t&= 62 LYY 22 &Po=z HJAAA O

BHANOl HAH 6-chloro-#((1,4,5,8-tetramethoxynaphthalene-2-y|)methy|)benzothi

azol-2-amine (10) 2.03 g (93.7 %) ZRULCt.

Yield : 93.7 %

"H NMR(300 MHz, DMSO) & 7.52(1H, d, J = 2.0 Hz), 7.40(1H, d, J = 8.4Hz), 7.20
(1H, dd, J=8.4 and 2.0 Hz ), 6.91(1H, s), 6.85(2H, s), 6.18(1H, s),
4.81(2H, d, ~4.8), 3.96(3H, s), 3.87(3H ,s), 3.87(3H, s), 3.83(3H, s)

3) 6-((6-Chlorobenzothiazol-2-ylamino)methy|)-5,8-dimethoxynaphthalene-1,4-
dione (11)
6-Chloro-#-((1,4,5,8-tetramethoxynaphthalene-2-y|)methy|)benzothiazol-2-ami
e (10) 867.1 mg (1.95 mmol)S 3t&t=2 72 SHBH WMt BFSAIA20 acetone
It n-hexaneL =2 MZ&EotH etaiol 2H
methyl)-5,8-dimethoxynaphthalene-1,4-dione
Yield : 71 %
"H NMR(300 MHz, OMSO) &8 8.29(1H, t, J= 6.0 Hz), 7.45(1H, d, /= 3.0 Hz ),
7.24(1H, s), 7.02(1H, d, /= 9.0 Hz), 6.88(1H, dd, /= 8.6 Hz and 2.0
Hz), 6.46(2H, s), 4.35(2H, d, /= 6.0 Hz), 3.46(3H, s), 3.42(3H ,s)

6-(
(

(6-chlorobenzothiazol-2-ylamino)
11) 571.3 mg (71%) LRUC}.
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4) 2-((6-Chlorobenzothiazol-2-ylamino)methy!)-5,8-dimethoxynaphthalene—1,4-
dione (12)

6-Chloro-#((1,4,5,8-tetramethoxynaphthalene-2-y|)methy|)benzothiazol-2-amin

e (10) 867.1 mg (1.95 mmol)S &S 82 MY et BFSAIZA2M acetone

din-hexane2Z IHZ A G0 2ZMol Z2AH 6-((6-chlorobenzothiazol-2-ylamino)meth

y1)-5,8-dimethoxynaphthalene—1,4-dione (11) 486.3 mg (61%) L ALt.

Yield : 61 %

'"H NMR(300 MHz, DMSO) & 8.53(1H, t, J = 6.8 Hz), 7.81(1H, d, /= 2.4 Hz ),
7.55 (2H, s), 7.36(1H, d, /= 8.1 Hz), 7.23(1H, dd, /= 6.9 and 1.8
Hz), 6.56(1H, s), 4.45(2H, d, /= 5.1 Hz), 3.86(3H, s), 3.82(3H ,s)

OCH, OCH,
Cl
|
CHZ—NAI\
|l| S
OCH,; OCH,
‘ CrO, or CAN
O OCH OCH, O
OO oy LT *47@

0 H, OCH, O

(11) (12)
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4. Synthesis of 5,8-dimethoxy-6(or 2)-((5-methylthiazol-2-yI
amino)methyl )naphthalene-1,4-dione (13~16)

1) 5-Methyl-A-((1,4,5,8-tetramethoxynaphthalen-2-y|)methylene)thiazol-2-amine
(13)

OCH, OCH, OCH; OCH,
OO 2-Amino-5-methylthiazole OO s
CH= N—‘ CH3
CHO Q,J/
OCH, OCH, OCH, OCH;Z

(4) (13)

2-Formy|-1,4,5,8-tetramethoxynaphthalene (4) 2 g (7.25 mmol) 1} 2-amino—5-
methylthiazole 827.7 mg (7.25 mmol)S &I&= 59 &Y 22 UHOZ B

AlH =0 HA 5-methyl-M((1,4,5,8-tetramethoxynaphthalen—-2-y|)methylene)

thiazol-2-amine (13) 2.47 g (91.2 %) UL},

Yield : 91.2 %

'H NMR(300 MHz, DMSO) & 9.28.(1H, s), 7.45(1H, s), 7.38(1H, s), 7.10(2H, d, J
= 4.2 Hz), 3.90(3H, s), 3.88(3H ,s), 3.79(3H, s), 3.76(3H, s), 2.46
(3H, s)

2) 5-Methyl-A-((1,4,5,8-tetramethoxynaphthalen-2-y|)methyl)thiazol-2-amine
(14)
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OCH, OCH, OCH, OCH,

LAH OO S
S B ——
CH—_N‘(J/CH?, CHz—N \J/CHs
N N

H
OCH, OCH, OCH, OCH,

(13) (14)
5-Methy|-A-((1,4,5,8-tetramethoxynaphthalen-2-y|)methylene)thiazol-2-amine
(13) 1.82 g(4.90 mmol)S St&t2 62 SHHY 22 LHZ SHFAH HEH =M
o ZA 5-methyl-A((1,4,5,8-tetramethoxynaphthalen-2-y|)methyl)thiazol-2-
amine (14) 1.69 g (91.7 %) S AL},
Yield : 91.7 %
'H NMR(300 MHz, DMSO) 8 7.73(1H, t, /= 6.0 Hz), 6.96(1H, s), 6.92(1H, d, J =
9.0 Hz), 6.85(1H, d, J = 9.0 Hz), 6.65(1H, s), 4.53(2H, d, J = 6.0
Hz), 3.83(3H ,s), 3.74(3H, s), 3.73(3H, s), 3.65(3H, s), 2.17(3H, s)

3) 5,8-Dimethoxy-6-((5-methylthiazol-2-ylamino)methy!)naphthalene—1,4-dione
(15)

5-Methy|-M-((1,4,5,8-tetramethoxynaphthalen-2-y | )methyl)thiazol-2—amine (14)

730.2 mg(1.95 mmol)= St&E2 72 E4Y0H WOt BFSAIH2M acetone 1t

dimethyl ether 22 MZ Aol 22 QXM 22X 5,8-dimethoxy-6-((5-meth

ylthiazol-2-ylamino)methy|)naphthalene-1,4-dione 423.1 mg (63 %)< AUL}.

Yield : 63 %

'"H NMR(300 MHz, DMSO)& 7.83(1H, t, J = 6.0 Hz), 7.57(1H, s), 6.80(2H, s),
6.65 (1H, s), 4.52(2H, d, J = 5.7 Hz), 3.79(3H, s), 3.73(3H ,s),

3.18(3H, s)

4) 5,8-Dimethoxy—2—-((5-methy|thiazol-2-ylamino)methy!|)naphthalene-1,4-dione
(16)
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5-Methy|-M-((1,4,5,8-tetramethoxynaphthalen-2-y| )methy|)thiazol-2—amine (14)

730.2 mg(1.95 mmol)= SI&2 82 E&AHYN WMt BFSAIH2M acetone 1t

dimethyl ether 22 TMZAGINH & =Ml ZH 5,8-dimethoxy-2-((5-methy

thiazol-2-ylamino)methy|)naphthalene-1,4-dione 396.3 mg (59 %) ALt.

Yield : 59 %

'"H NMR(300 MHz, DMSO)& 9.72(1H, t, J = 6.0 Hz), 7.57(2H, s), 7.08(1H, s),
6.58(1H, s), 4.40(2H, s), 3.86(3H, s), 3.84(3H ,s), 2.23(3H, s)

OCH, OCH,
S
OO CHz—N \J/CHs
H N
OCH, OCH,
’ CrO5 or CAN
o ocH, OCH, O
S O‘ CHy—N—( > —CHy
e )M N
H N
H N
O  OcH OCH, O

3

(15) (16)
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5. Synthesis of 5,8-dimethoxy-6(or 2)-((5-(methylthio)-1,3,4-
thiadiazol-2-ylamino)methy| )naphthalene-1,4-dione (17~20)

1) 5-(Methylthio)-M((1,4,5,8-tetramethoxynaphthalen—-2-y|)methylene)-1,3,4-

thiadiazol-2-amine (17)

OCH, OCH, OCH, OCH,
OO 2-Amino-5-(methylthio)- OO s
1,3,4-thiadiazole — S
19y CH_N ~—
CHO i&l_z/ CH,
OCH, OCH, OCH, OCH,

(4) (17)

2-Formy|-1,4,5,8-tetramethoxynaphthalene (4) 2 g (7.25 mmol) 2} 2-amino—5-
(methylthio)-1,3,4-thiadiazole 1.06 g (7.25 mmol)2 SIS 52 YN 22
SOz BISAIH FEMO ZH 5-(methylthio)-#((1,4,5,8-tetramethoxynaphth
alen-2-y|)methylene-1,3,4-thiadiazol-2-amine (17) 2.76 g (93.9 %) L AL}.
Yield : 93.9 %
'H NMR(300 MHz, DMSO) & 9.07 (1H, s), 7.36 (1H, s), 7.14 (2H, d, J = 8.4 Hz),
4.02 (3H, s), 4.00 (3H ,s), 3.83 (3H, s), 3.81(3H, s), 2.78(3H, s)

2) 5-(Methylthio)-A((1,4,5,8-tetramethoxynaphthalen-2-y|)methyl-1,3,4-thiadi

azol-2-amine (18)
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OCH, OCH, OCH, OCH,

- LI ey
OO CH:N_E_SNW/S\C"% - CHz—E—ﬁ_N)/S\CHs

OCH, OCH, OCH, OCH;

(17) (18)

5-(Methylthio)-M((1,4,5,8-tetramethoxynaphthalen-2-y|)methylene-1,3,4~thia

diazol-2-amine (17) 1.99 g (4.90 mmol)2 SIE= 62 SHEY 22 Hdgo=z

EHRAAIH DMl AA 5-(methylthio)-A((1,4,5,8-tetramethoxynaphthalen-2-

yl)methyl-1,3,4-thiadiazol-2-amine (18) 1.76 g (88.1 %) UL}

Yield : 88.1 %

'H NMR(300 MHz, DMSO) & 8.18(1H, t, J = 6.0 Hz), 6.95(1H, s), 6.91(2H, d, J =
11.4 Hz), 4.59(2H, d, /= 6.0 Hz), 3.83 (3H, s), 3.76 (3H ,s), 3.75
(3H, s), 3.64(3H, s), 2.64(3H, s)

3) 5,8-Dimethoxy-6-((5-(methylthio)-1,3,4-thiadiazol-2-ylamino)methy!)naphtha
lene-1,4-dione (19)

5-(Methylthio)-M((1,4,5,8-tetramethoxynaphthalen-2-y|)methy|-1,3,4-thiadiaz
ol-2-amine (18) 793.6 mg (1.95 mmol) &= 72 AU Ot BFSAA2H
acetone It dimethyl ether 22 MMZEHoIH &2 L-etol AEH 5,8-dimethoxy-6-
((5-(methylthio)-1,3,4-thiadiazol-2-ylamino)methy| )naphthalene-1,4-dione
512.3 mg (69.6 %)X UCE.

Yield : 69.6 %

"H NMR(300 MHz, DMSO) & 8.27.(1H, t, /= 6.0 Hz), 7.52(1H, s), 6.81 (2H, s),

4.59 (2H, d, /= 5.4 Hz), 3.82 (3H, s), 3.74 (3H ,s), 2.57(3H, s)
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4) 5,8-Dimethoxy—2-((5-(methylthio)-1,3,4-thiadiazol-2-ylamino)methy!|)naphtha
lene-1,4-dione (20)

5-(Methylthio)-M((1,4,5,8-tetramethoxynaphthalen-2-y|)methyl-1,3,4-thiadiaz

ol-2-amine (18) 793.6 mg (1.95 mmol) 2 3t&t= 82 AN et BHSAA2H

acetone O 2 MHZ Aol W2tAHO| AX 5 8-dimethoxy—-2-((5-(methylthio)-1.3

4-thiadiazol-2-ylamino)methy|)naphthalene-1,4-dione 488 mg (60 %) ALt.

Yield : 60 %

"H NMR(300 MHz, DMSO)& 8.09(1H, t, J = 6.0 Hz), 7.54(2H, s), 6.53(1H, s),
4.32 (2H, d, /=6.0 Hz), 3.84 (3H, s), 3.82 (3H ,s), 2.50(3H, s)

OCH, OCH,
|:ill"llii CH S\ s
N 77/ “CH,
H N—N
OCH, OCH,
J CrO; or CAN
0) OCH, OCH, O
(T2 5 s UL L yytys:
CH;—w—T( o S=cH, 7 N Vs CH,
H N—N H N—N
o) OCH, OCH; O
(19) (20)
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BIASIEI2Ol B0l ABN AIRE #XDI2ZY 22| (H NMR)= JEON-jNM-AL300
(300 MH7) S AIESICH, WREFESE=Z hy e (TMS)E2 AtEdH(
& (chemical shift) g2t2=2 HAIGRULH. £ &elotd| A8t TLC plate
= Silica gel 60F 254(Merck, 25 TLC plastic sheets) % RP-18F 254S (Merck, 40
~ 63 un)2 AIZoIACH. NEZSHAEN AIESH JIJI2= €0, incubator (NUAIRE),
Deep freezer(llIshin), Nitrogen freezer (MVE, XC34/14), Elisa reader
(Molecular devices, spectra MAX 340), Microscope (Olimpus, CK2), 96 well
(Falcon), Conical tube (Falcon) S0| AFZEZIACEH.

AN AIES HHREEZ2 AIY2 Acroset Aldrich HMIEZ2 AIE5t%2, 2LE S0H
= AN 22 AME0tUCH. FBS (Fetal bovin serum), RPMI medium 1640, OMEM

medium, Antibiotic-antimycotic, Hepes, L-Glutamine, D-PBS (Dulbeco's

<
0l
10
a
ol

phosphate buffer solution), HBSS (Hanks' balanced salt solution),
Trypsin—EDTA solution S2 Gibco HE2 ASotA 204, DMSO, 0.4% Tripan blue

solution & Sigma MSZ ASotALEH.

7. HIEZHH S

NEZIEAS SZXH AMA2E SSHER AIL-2/WTS QA0M MZESH Al ZHHZLH X2
AZ2BIH MIZo X=X AHZ (exponential growth)E |AStE=E= 37 T, 5 % C0,
incubator Al 2~32 2t BHSH = conical tube (Falcon)Oll 24 1,500 rpmOlAl 5

Z2t 24 Zelot MEENMESE Zelottt. ZelE MEEXEZ2S CHAl D-PBSO
FRAA JAY Zolst U3 45 HS MAHGIH HEZSHS FotALH sLst S
T BtE NES = L2E Fot0 0.4 % trypan blueE Jtot0 A X L2 A0t
e NIEZZE haemocytometer2 AI0I 5 x 10° cells/mle SEJF IE= M22 Y
Kol 2FAIH BHLSIACH. 2= AIEZQl A549= I0IA HMZESH MIEZBHHHXIE At
ot 37 T, 5% C0» incubatorOlAl monolayerJt EA&E DAl HHAIZI = i
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2= el £EE MEN &FSt MEBHZEHXE MIASH| ?I5t0 D-PBSEZ 2
3l M=s C+S Trypsin-EDTA solution (0.05 %, 0.53 mM EDTA - Na)22 XclIdot
1, D-PBS HES Jiot ©E MEZ RRAI2! TS conical tubelOl 24 1,500
rome 2 522t 4l Zeldt ME 2 ZC2IoIALH. =elE NEZEFESZ CHAl
D-PBSOl 2=AIH & Zelotl, A4S HS MAHGHH HIZLHS H
HHOZ Bt NEHSH = ARE FHSIKW 0.4 % trypan blueE Jtat
2 &0tA= MEZE haemocytometer2 MOl 5 x 10° cells/mlQ STt T== M
=

2 HHXIO 22 AIZ4 BHLSHRUCE.

e

0z

0 H

8. MTT Assay

Naphthoquinone S ZHMe AMZN OF HMZESHEs =SHS MT[3-(4,5-

Dimethy|-2-thiazolyl)-2,5-dipheny|-2H-tetrazolium bromide] colorimetric 23
HO2 ASBIUCEH. ZHEZN e NESHdssS =ZHoH)| ol SHEHME(AM
L-2/WT) @ H AHIXE(A549 cell)S countingdt OIS {ots 2 S AML(2 x 10°

/ ml), A549(6 x 10° /100 #L)TH mediaZ 3BIAGHA 96 well flat bottom
microtiter 2t wellOfl 90 ul/wel % &HE5tLD, 222 AME A A5 10
ul/wel [#! ®Z StCH. controle ZMOHAl PBS[Ca*", Mg>" (+)] €031 blankes
2XCHAl PBS[Ca®", Mg*" (+)201F1 cel L&l media® EO0I=E = 37 C, C02
incubator Ol A 32t HHLSHACH. BHOl 24 =0l PBSZ 5 mg/mle =&JF &%
£ SlMst MITT XS 10 4 2 wel [0l IIGHH 37 T, €02 Z2AGHUIA 4AI2¢
Sot giYst = EHE cel|lE MII IGHH acid-isopropylalcohol 0l HCI ZEHS

20 0.04NOI Il BtCH. BHSO & acid-isoE 2 wellOfl 100 ul® 2 = &
pipetting ot0d Elisa reader (M lecular devices, spectra MAX 340)2 &&%
(0.0 540nm)E =TS0 EDspat= FotRUCH. BlRASES AL B cisplatin
A549= Vinblastine2t Paclitaxel 2 22 AIESIUH 2 A& 33 04
SHES 4=

(TC1),
BIE26I0 1 BatS PoIACH EDspat2 X2 50% £=F2 =2
AHole 429 =% (ug/m)2 =O X0, O AR A (NCI ; National Cancer

| =
Institute, USA)2| manual &0 2ol Z2X™olUCH

_38_



2 A7 M= 1,5-dimethoxynaphthalene®2E 5JtXI2| aniline “AE Jt& Al7
4oIUCH MEHS Sot0 = 8IHKQ €2 £= -6 |IXE 2= nap
SHE HGtACEH. 2-formyl-1,4,5,8-tetramethoxynaphthalene0l
Oled DXl XISHE S ot, 0IE ASHICl Cros £= CANSZ XMeldte 6(or
2)-substituted-5,8-dimethoxy-1,4-naphthoquinone& 2 & OI8&EME & AGIUCEH.
Ol CrOsE AtEBotU2 R0 & Ol8&EMe MHHIES 6-substitutedIt & 1.0
~ 1.44 BHEE O & 20| MEZASH, CANS AMESIUS 220 XISl T
ct 22 X0I1E ERUCH. S48 s =0 UolA JI=Hel SLAIES otACH. &
S A2 SO0 At&=eHel MOl SHE S (AML-2/WT) 2t IH & (A549) Al I
active siteE +#%otld, -4 ZHHE ZEHEEN ME22 StH1XE A=
% S

StOPHIE HESHOA MESA MTT Assay

o)
hthoquinone

oo ﬂJ|ﬂJ

=
=5 (ug/ml)JF 1.6581 EJA20 (12, 16), & 5.958HIF =2 naphthoquinone
H (200 UCH. BHH B-substitutedIt 2-substituted2CH 2F 1,481 B2 £2 &
HE IJFMBCE. 48 naphthoguinone S &M = 7 StE=0l HWS=
Cisplatin 2Ct SJt W EJA20 S0l 5,8-dimethoxy—2-((5-(methylthio)-
1,3,4-thiadiazol-2-ylamino)methy|)naphthalene-1,4-dione (20)2F AML-2 AMIZZ

HEES AHGl=e & £ naphthoquinone2 2 EUHE=RULCTH.
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