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WANWIKAR RUENSAMRAN : MICROWAVE - ASSISTED SYNTHESIS AND
ANTIMICROBIAL ACTIVITY OF HETEROCYCLIC NAPHTHOQUINONES. : THESIS ADVISOR :
WAYA PHUTDHAWONG, Ph.D., 108 pp.

In this study, the synthesis of heterocyclic naphthoquinones has been carried out

using irradiation in a modified commercial domestic microwave. The project was divided into 3
parts. Firstly, 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone was used as a starting material
for the nucleophilic substitution reactions with aniline derivatives on C3; and the C, position
was converted to amino group using sodium azide. Attempted cyclization with diethyl
malonate was unsuccessful. Secondly, 2,3-dibromo-1,4-naphthoquinone was used as a
starting material for the nucleophilic substitution reaction with aniline and p-anisidine.
However, attempts to intramolecular cyclization to prepare heterocyclic five-membered ring
indolonaphthoquinones under reflux method and microwave irradiation were unsuccessful.
Finally, 2-substituted amino-3-bromo-1,4-naphthoquinones (74b, 74d, 74e) were used as
starting materials for the synthesis of seven-membered ring fused naphthoquinones using the
Heck coupling reactions. The microwave irradiation gave the desired products in higher yields
and in much shorter reaction times than the conventional reflux method. The N-alkylation of
the azepine rings using various alkyl/aryl halides and K,CO3; under microwave irradiation gave
the naphthoquinone derivatives (76a-d). Selected compounds in this series were tested for
antimicrobial activities using the disc diffusions method and broth dilution method. However,
most of the tested compounds showed weak activity at the minimum concentration of
64 ng/mL.
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2
activity), Qg 1%051 (antifungal activity) °
O

OH O

A v - ) juglone (1)
g‘]J“VI 3 Taseasamaniived juglone



1131 2003 Ozgen, U. nazany’ Any1eanilsznouveaensannInNgIn Onosma
argentatum Hab.- Mor. (Boraginaceae) WU®15U52N0V naphthoquinones yialv Ao 5,8-0-
dimethyl acetyl shikonin (2) Lagd 1517]'3?518\1114[1’93}!,!,5}3 3 Wil deoxyshikonin (3), acetyl shikonin
(4) uag 3-hydroxyl-isovaleryl shikonin (5) Ia aﬁqw%dﬁugwﬁyeﬁum‘% gnolsn (antimicrobial

activity) tazlinnuamnsadueyyadaszNAuIn (high antioxidant activity)

OH O

OCH; O deoxyshikonin (3)
5,8-O-dimethyl acetyl shikonin (2)

OH O  acetyl shikonin (4) OH O 3-hydroxy-isovaleryl shikonin (5)

gﬂﬁ 4 thsilsgnoy naphthoquinones @NANIIN Onosma argentatum Hab.-Mor.

(Boraginaceae)

uaﬂmﬂfhmaqamm naphthoquinones TFeUfINMMILIUEY i3 5UT
gﬂﬂﬁﬂﬂﬂ;]t]ﬂ#ﬂﬂ%ﬂﬂﬁ"lﬂé %1 naphthoquinones MMFOUFLI tetrahydrofuran TuTuana
U0 eleutherinone (6) Wuasiszneu naphthoquinones yilaludanaldn Eleutherine
bulbosa(Miller) 1ag Alive taznae’ woNNSanueslsnoy eleutherin (7) isoeleutherin
(8) ez eleutherol (9) c?maﬁmmmué’a Tasansisenou naphthoquinones (7) a2 (8) 5IUD
P

Turana (9) Wil Tassadnadiendaiy  Tgniduduleswila Cladosporium sphaerospermum

1&au1n (strong antifungal activity, 100 pg/spot)

OCH,0  CHs
OCH, O CH OCH;OH
¢ o 3
(L e OO
Ro
o © o

eleutherin (7), R4=H, Ry,=CHjs
isoeleutherin (8), R1=CHj3, Ry=H

eleutherinone (6) eleutherol (9)

gﬂﬁ 5 a151senew naphthoquinones yiialvaaia'l4an Eleutherine bulbosa (Miller)



= 91 A 1w . 14
HAZDILUITN tetrahydrofuran %L%meﬂﬂmaqamm naphthoquinones A1UI
= (4 ' W IS) Qd IS) 1 8
muﬂuumimaf}aﬁlugﬂ 6 WUNYIAINGNTNNFININDY Tag Naoe, A HAZAMUE TIWITDUYN
1 d =) )
Cribrarione A (10) Fautuaslsenou dihydrofuranonaphthoquinone yialvi 90

P v
myxomycete Cribraria purpurea W“lJ’ﬂith]“I/l‘ﬁfJ‘U SuunNiFe ¥ia Bacillus subtilis

OCH O oy

3
(I
0]

eleutherinone (10)

517 6 Tnsead1amaniives Cribrarione A

o { @
1u3) 2005 Eyong, K. O. uazamz” Anwiesndszneumaniivesansiananin
] g
Newbouldia laevis(Bignoniaceae) Wua1s 11 newbouldiaquinone A (11) Fuluasilsznou
. . & A = Y Y A a = =
Uszinn naphthoquinone-anthraquinone saunsasimetiseau Budon 14 wiia Iﬂﬂlli]‘ﬂ‘ﬁ
o q’j dy A Yt N\ [ 3 d%l A
fl‘]JEJ\iL“])”[’)LL‘]JﬂT]LiEJLLﬂi?Jﬁ‘LIIlﬂﬂﬂ’ﬂ reference antibiotics (RA) MAZYUSUFDLUUANITYLUNTNUIN

Tahunas"

o
(L
0
° (I
HO

O
newbouldiaquinone A (11)

517 7 Tnsead1umuniivns newbouldiaquinone A
. A v d;
1.2 msdsznou naphthoquinones NAIUAIISHUYU
. Ay ¥ a o 4 a (=
U’e’)ﬂ%1ﬂﬁ1‘iﬂi$ﬂflﬂ naphthoquinones w"lmnﬂwammmmwsiwmm ARV
. (% d’d? Y Y a va o @ 1
’tfﬂiﬂigﬂflﬂ naphthoquinones mmﬂwmu“lﬂiuwmﬂgmmimmuum T@]EJG]’J’E]?JNﬂ1§

[

@ 4 . = dy
duasizvaslsenou naphthoquinones AU



o o
143) 1994 Knolker, H. Jutazane “1a51s01umsdansieiansdsznon hydroxy-
. { & . .
substitued benzo[b]carbozoloquinone cyanamide A Tnssaradluy N-cyanoindoloquinone ums
Y} v A e A & v Y
ﬂuW‘IJﬂ’ﬁﬂﬁ]iJ‘LlﬂNLliﬂaluﬂ . f. 1970 Feana lann Streptomyces murayamaensis Taenwy
. . 2~ <y J < . .. = o oa/' dy A A
Kinamycin (12) SfUNTAUEAANLSLII (antitumor activity) LAZHNDTIVYUFDLUUANLIULINTY
A . . . S0 o . . &£ A PR
UVINNANIN (strongly active antibacterial) UDNIINUEIN Prekinamycin (13) F9Uns il uen
an =2 o Y o a J A o (% J 1 dy
URaue i Inamansaulansgimsdunszviaislungy indoloquinone 1 Iy
o o A o
NMIAUATIEH hydroxy-substituted 5-cyano-5H-benzo[b]carbozole-6,11-diones 13 YAUAMIIM
ﬂﬁfaﬁm nucleophillic addition U84 arylamine (14) ny 1,4-naphthoquinone derivatives (15, 16)
A
v I 1 aaa
MnUUarutlu benzo[b]carbozoloquinones (18a-b) Iﬂﬁlmuﬂgﬂ‘ifﬂ palladium(II)-promoted
. . . o aan 1 9 . [ . .
oxidative coupling ﬂ1ﬂ§]ﬂi 819197 N-cyanation AU cyanogen bromide LIA¥ chemo selective
a o 4
ether cleavage Taels pyridine hydrochloride 1desmandaa N-cyanoindoloquinone

derivatives (20a-b)

0o CH;, 0]
CH3
EtOH
GGHE e ofhy)
OCH, 250 N
R O NH, Ry O 4 OCHjs
(15) R=H (14) (17a) R=H (61%)
(16) R=OCHj; (17b) R=OCH3 (23%)
Pd(OAc),, HOAc
l reflux

H
O‘ P O‘ o

0.3eq.DMAP,CH,Cl,

CN OCH; OCH;
(19a) R=H (97%) (18a) R=H (84%)
(19b) R=0OCH3 (87%) (18b) R=0OCH3 (59%)
pyridine.HCI
200°C, 25 min
O‘ 1
R CN OH

(20a) R=H (67%)
(20b) R=OH (13%)

pl ‘lJ 8 MIdunsIEH hydroxy-substituted 5-cyano-5H-benzo[b]carbozole-6,11-diones

U



113l 2006 Bernardo, P. H. uazamz” ladunizouiusues Calothrixin B 1oz
ﬁﬂ‘]&ﬂﬂ’Jmﬁilﬁuﬁf’izﬁjﬁﬁjﬂymziﬂ’Nﬂ’%jNﬁjiJﬂTi’é)fJﬂf]VI%( (structure—activity ~relationship)
fenfiu Calothrixin B @uiluaisnnnaafasisssumaainn Calothrix cyanobacteria W%
sl indolo[3,2-/]phenanthridine pentacyclic ring system Ta ﬂllﬁﬂﬁﬂﬁﬂi’)ﬂﬂﬂggﬂgﬂ
M3s Ay Tnveuwaauzs3 1iia human HeLa cell lines 14a310 (EC,, = 0.25 pM) Tagns
Fuasziouiusues Calothrixin B 13u@u91n1§A561 nucleophillic substitution 521314
aniline (21) ﬁﬂl,4-benzoquinones (22a-b) 139 1,4-naphthoquinone derivatives (23a-b) mmfu
ﬁwﬂﬁﬁ?m palladium(IT)catalysed cyclisation Yardldasnansdaa carbozolediones (24a-c,
25a-b) Lﬁiﬁlﬁﬁhihl‘]J‘l/]ﬂﬁ’B‘]Ji]Wﬁ‘l/]N%’JﬂiWW‘]J’h benzocarbazoledione (25b) 1l@¢ indolo-
phenanthrenedione  (25a) !Lﬁﬂﬂﬂﬁ’e]’e)ﬂt]‘lfl‘laidgl"iJgQﬂTiLiﬁqjla’lJIﬂ%@ﬁl%aﬁumgﬁ%ﬁﬂ human

HeLa cell lines 1A 1n&1A8anY calothrixin B (EC, = 1.5 uM 1182 1.8 uM A& 191)

O (0 QLI =

(21) " (22a) Ri=Rp=H (243) Ry= R2—

(22b) Ry=CHj, Rp=H (24b) R1=CHs, R=H
(24c) Ry=H, R=CHj

s¥eocFeVWeoRewoe

(21) (0] R4
(233) R1=R2=H (253) R1=R2=H
(23b) Ry, Ry=fused benzene ring (25b) Ry, Ry=fused benzenering

Reagents : (A) H,O-AcOH (49-62%)

(B)1eq. Pd(OAc),, AcOH
reflux (18-62%)

A o s v ..
g‘]J“V] 9 MIFUNITIZHOYWUS Calothrixin B



Tandon, V. K. wazaae ldmsdunsiew (1,4)-naphthoquinono [3,2-c]-1H-
pyrazoles Iﬂﬂﬁﬂ‘hﬂﬂ?mﬁ/ﬂﬁuﬁ,ﬁ$°Hﬁ1ﬁ§ﬂ‘]&lﬂ!$Iﬂﬁﬂﬁ%lﬁﬁjumiﬂ’e)ﬂim%d (structure—activity
relationship) wunesdszney 1,4-naphthoquinone derivatives (27, 28) mmmé’ugw'f‘:a
wuaiiseldun Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae MY
Streptococcus faecalis & mmzﬁa 15Usenou 1,4-naphthoquinone derivatives (31, 32) §1015D
R T R coli, Klebsiella pneumoniae wonnfiasisznou (27) &4
ﬁ1u1iﬂgﬂ§lﬂl§i’)i1 Candida albicans 8¢ Cryptococcus neoformans 18 Taemsdansizi
(1,4)-naphthoquinono(3,2-c]-1H-pyrazoles @uﬁu%mﬂﬁﬁ?m condensation 5¥%314 1,4-naphtho
quinone (26) N1 diazomethane ‘lﬁwaﬁﬁmcﬁtﬂumi pyrazoles (27) LaZd13 (28) Tul5ua 48%
Az 47% sy ;i pyrazoles (27) W1WHATe1TD substituted hydrazine 1A
Haafaan (1,4)-naphthohydroquinono-[3,2-c]-1H-pyrazole-3-carboxylic acid hydrazides (29)
LLﬁ%Lﬁﬂﬁiﬂﬁﬁ?ﬂ”ﬁU primary amine 1andnsas (1,4)-naphthohydroquinono-[3,2-c]-1H-
pyrazole-3-carboxylic acid amides (30) uamﬁ@ pyrazoles (28) N1ﬁ1ﬂﬁﬁ§81ﬁu substituted
hydrazine lanansuad (1,4)-naphthoquinon-[3,2-c]-1H-pyrazole-3-carboxylic acid hydrazide
31) LLﬁ%LﬁﬂﬁWﬂﬁﬁ?ﬂ”ﬁU primary amine ”lé’fwaﬁﬁmcﬁ (1,4)-naphthoquinon-[3,2-c]-1H-

pyrazole-3-carboxylic acid amides (31)

< Q
0 OEt R OH OFt
H
N2CHCO2Et N\ N\
_ /N ~ /N =+
benzene N N
H H H

(0] @) R OH
(26) (27)
H/N—Ph
Q Q
OH NH OH OEt
o\ H2N-NH-Ph \ H2N-CH-CH=CH
,N - /N E—
N EtOH N EtOH
H H
OH
29) O 27)
H/N—Ph
Q Q
0 NH 0 OEt
N\ H2N-NH-Ph \ H2N-CH2-CH=CHz
,N - /N E—
N EtOH N EtOH
H H
o) o}
(31) (28) (32)

3 U 10 msduns wzﬁ@uﬁuﬁ (1,4)-naphthoquinono [3,2-c]-1H-pyrazoles



13 2001 Ferreira, V. F wazaae” ddunsizviansdszney  3-hydrazino-
. = & Y4 A J a o 4 Aada =
naphthaquinones (37a-e) Gﬁﬂlﬂu@lgwu‘ﬁsll@\‘l lapachol (38) mﬂuNa@ﬂmmmﬁummmuqmmq
FININ Guﬁ'ui%ﬁwﬂﬁﬁ?m nitrosation U84 lawsone (33) & nitroso-quinone (34) TGEALR
Y
U501 reduction ldensdsznou (35) mmiuRlnsen diazotization lAa151lszno 3-diazo-
o a a o I
naphthalene-1,2,4-trione  (36) ué”rmmimu 1,3-dicarbonylenolates hlé]}ﬁﬁ Nammcﬁmu
. . A o A o U = =
hydrazine-1,4-naphthoquinones  (37a-¢) LiJE]‘LnﬁTi“VI?NLﬂiw‘l/ﬂﬂllﬂﬂﬂﬁﬂﬂfm‘ﬁﬂN%"JmW
4
wunmsdszney 3-hydroxy-2-hydrazino-1,4-naphthoquinone derivatives (37e) LRPTRERIILE

4
9 v 1
WRUUARISULNTUUIN Staphylococcus aureus WMANNE15152NOU lapachol (38) 2 1M

* NaNO,, HC HCI NaBH4/MeOH or
e Na S,04/EtOH
2924 NH2

(33) (34) (35)
NaNO,, HCI
o]
R

£ i

OH 1) R2 o)
r‘\ KZCO3 acetone

Ny

o
(36), 68%

(37a) R1=R2=Me, 58%

(37b) R1=Me, R2=OFEt, 55%
(37¢c) R1=Me, Ro=0t-Bu, 68%
(37d) R1=R2=0CMe>0, 58%
(37e) R1=R2=OFEt, 55%

1 o 'd
319 11 Myduns12ra31/52no 3-hydrazino-naphthaquinones
0
O
N
o)

(38)

A o ~
?j‘]JVl 12 Tﬂi\‘lﬁi'l\iﬂ’]\cllﬂﬂsll@\? lapacol



o 4
Wang, X. L. uazaaz'® lddanseviasisenon 4,5-dihydro-1H-1,4-napthoquino
R 1
[b]-benzole][1,4]diazepines (40a-f) Gd]f%ﬂuﬁﬁﬂi%ﬂ’f]‘]ﬂuﬂquﬂlﬂﬂ benzodiazepine-naphtho
v 4
quinones Taoansilsznoy benzodiazepine uuﬁim‘ﬁ%N%’JﬂTW‘HMEJE]EJN 19U anti-convulsant,
. . . . . S 9 Y Qs: Ya v KR ' 1 49’
analgesic, anti-anxiety, i1 anti-depressive wudu muuﬂmz@,’mammﬂ’nmiﬂizﬂwﬂquu
= = = Aad o 7 a . .
SUYNITNNFINTNNAUVU I@Iﬂfﬂiﬁ\uﬂi13WL53J§]1ﬂET’]i°]J§$ﬂE)‘U 2,3-diamino-1,4-naphtho-
quinones (39a-g) ﬁiﬂﬁﬁ?fﬂ Pictet-Spengler cyclization A1 alkyl 130 aryl aldehydes 93]
3 Y] 1 Aaaa 9 Aa o 4 . .
BF,.OEt, Huansalfnsen lamswaadms 4,5-dihydro-1H-1,4-napthoquino[b]benzo[e][1.4]

diazepines (40a-f)

— R
N@ R3CHO y = R
(1] O (YU )
—_—
CH3CN, rt.
iN— \ T N
o) <X 0\ Rs

Ro /
(39a+) /\’ (40a-f)
Ro
(a) R1=H, R2=4-Cl (e) Ri=Ro=2-Me
(b) R1=H, Ro=4-OEt (f) R1=H, R2=2-Me
(¢) R1=R2=4-OFEt (9) R1=NO2, Ro=H
(d) Ri=R2=H

:Jj‘ﬂﬁ 13 Msd amtnzﬁ' 4,5-dihydro-1H-1,4-napthoquino[b]-benzo[e][1,4]diazepines (40a-f)

T3l 2003 Van, T. N. uag Kimpe, N. D."” ladunsizia1s1szney 6H-naphtho
I A I R v
[2,3-cIchromene-7,12-diones (42a-e) tHua1sniilnseairuilu tetracyclic Fuiluoywusves
. A I Aa o 4 AAa = s Y] ogj o
pentalogin (43) MIUATHAANUNTTINANUYNTNIT I Tasordoduneudianylums
[ 4 Aaaa
FUATIEH Ao ﬂgﬂﬁfﬂ palladium-catalyzed intramolecular cyclization U943 2-bromo-3-

aryloxymethyl-1,4-naphtho quinones (41a-e)



Ry O
seGavs
Br
(0]
(41a-e)
(a) Ri=R=H  76%

(b) R1=H, R2=F 74%
(c) R1=H, R=CI 71%

10

0.1 equiv. Pd(OAc), R, (0]

0.2 equiv. PhyP
3.0 equiv. K,CO4

1096
I

Ry

toluene, 80 °C
reflux
(42a-e)

(d) Ry=H, R,=OMe 70%
(e) R1=OMe, Ro=F 31% +41e 50%

51 14 msduasigriarsilseneu 6H-Naphtho[2,3-c]chromene-7,12-diones

0]
(LI
F
@)

= v = .
§1J°I/l 15 TAseasnemaniuey pentalongin

(43)

18 Y o J . @ aaa
Vargas, M. D. HagAue ladanameansiseno azepines Iﬂﬁl@1ﬁ8ﬂ§]ﬂim

intramolecular Prins cyclisation 31n815U52n0U 2-(2,2-dimethoxyethylamino)-3-(3-methyl-2-
butenyl)-1,4-dihydro-1,4-naphthalene-6,11-dione) (44) cﬁqgﬂuauﬁuﬁ'ﬂlm lapachol (38) "1
ﬂﬁﬁ?mma”léf hydrolytic conditions Iensnansaaiily diastereomeric mixture YO azepines

(45a-b)-(48a-b)

o 0 0

O‘ o~ OR O‘] OR
—_— +
SN 2
(44)
Condition ; (A) 88% HCOH, 2h, rt (45a) R=R =H  (45b)  (7:3 76%)
(B) aqHoS Oy, rt, MeOH @6a) R=HR,=CHs; (46b)  (4:1,66%)
(C) (AC);0, pyridine, DMAP,CH,Cly, 24h, rt. (47a) R=COCHs Ri=H (47b)  (7:3, 69-78%)
(D) 88% HCO,H, 2h, 0°C @8a) R=H R,=CHO (48b)  (7:3 58%)

~ o d .
JUN 16 M3dunszriansiszney azepines
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Tandon, V. K. tazame” ldduasieiarstsznouisdisnusvoanun Inad Tuu
1,2,3-trisubstituted-1,4-dihydrobenzo[g]quinoxaline-5,10-diones (52a, 52b) Tﬂﬂ!éh&jumﬂ 2,3-
dichloro-1,4-naphthoquinones (49) ﬁ1ﬂ§]ﬁ§mf°ﬁJ L-o -amino acid ethyl ester hydrochlorides
(50a, 50b) laensnanduad (S)-N-(3-chloro-1,4-naphthoquinon-2-yl)-a-amino acid ethyl esters
(51a, 51b) mﬂ&uﬂﬂﬁﬂﬂﬂﬁ1ﬂﬁﬁ§mﬁﬂ primary aliphatic %30 aromatic amines 19eN3 (52a)
az  (52b)  MUAIN Tﬂmﬁ'aﬁﬂmmmﬁuﬁuﬁﬁminé’ﬂymzTﬂiqa?Nﬁ’umsaaﬂqwf
(structure—activity relationship) WUNMH15UsZNOU (S1a, 51b) Saansadudutes
Candida albicans, Cryptococcus neoformans, Was Sporothrix schenckii wazasdsznou (52a,

v 9
52b) HANNAWNTOEVIUYBLUANS 8 Klebsiella pneumoniae Wag Escherichia coli
0 o)

H
c CH* HN._ Ry K2COs N\rR1
+ \r EtOH COR
CO;R c

c
(51a) R=C2Hs, Ri=H

(49) (50a) R=C2Hs, R1=H Ro/Ar-NH; (51b) R=C2Hs, R1=CH3
(50b) R=C2Hs, R1=CHs O
* e ol
(52a) R1=H, R2=C(CHa)3
(52b) R1=H, Ar=4-OH-CsHa4 Rz/Af

d' [ 4 an Iy 4 a
319 17 mydansizransiszneuraddisiusveaun Inad Tuu (52a, 52b)

v 4
INIUITeNINsAnEIautANIsTeengNIN1NTInINUIE1TUsEno
. 1 9 A g aa o JA o o’dgl 1 =
naphthoquinones WU Iasaas WIluasRusnduaiziauin vl asdszneuuieaii
¢ ‘d -4 = Q‘{ 1 { a o :l)
ANTNNTINNNATY uazignFani1a15152noY naphthoquinones NMVIUTITUIA AU

[ 4 an o 4 a qu o 1 a ld‘
msduasiziaslszneuniisiusvesunInad Tumivemi ligeasdsenourialnin

=\ a a o 09;’ dy A &g a anyy A [
Hlszansamlumsesngnidudusegainduiluauvguesmsinalind laniashiioglu

1 3 9
Pagtiudailulse Temiadratadomaiann lihfuninulsa uenainiifligiiumsszina

=

dy = < o w
f’ummmawgﬂuﬂmwmm ﬂ’e)mwuwmﬂiwmmmm@u uag ﬂﬁiﬂ‘lﬂl"liiﬂ@ﬂlsb'ﬂiﬂﬂ
v

o o Y a d d = 1 Aan Y] 4
mﬂ%mmmawﬂm Hu MIRNan1sA0e1T1 19Maa15U5no NI ITN LTV

J

ad
2hil
&
NI

sun Inad Tuuidansies m“lwJJm%m'lﬂﬁmﬁGvu@1wummmmwwm"lﬂu,ﬂumum

uAtlymidenan'la
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U

d av
ﬂ@ﬂi%ﬁx‘iﬂﬂli’)ﬁﬂ‘l—ﬂﬂﬂ

1INM3ANEITYAMeINUE151/52n0 naphthoquinones WUNTNGUITNITBT LU

k4 Y
v A

YR Y] F) 1 dy A A a a o =
n lddnyuaziann Inseadwvesmsnquil werinilszanimmlumsmsdudusogadn
[ 1 < = [ 9 A J ana v 73 ~
HADEHI 15 NA mMsanmIanyas Iasaas iy Iswus damasuveaaisilszney
. v 9 o 3 awv dyd ) =2 o 9 o 1
naphthoquinones 898uoen1n At lunuIdetdsagulommsAneidnyas Iasaainewanan
yw Y o [] [ J 1 [ d v J
wonnnideIar luTasnvingelumsdunsziasdsznouaisg Taoliiaglszasaaail
4 9 [ 4 aa @ 4 a
1. eld lu Tasnddunsiziansiszneu93d ssiusvo s Tnad Tuu
d' = ~ an [ o an @ 4 a
2. 1isnlSeunevIsmsduns iz aslseneu93 s usvosuun Inad Tuu Tag
M3 14 luTasnWduassssuannlana i
A = o o 4 1 9 an o 4
3. MO ANHIANUAUNUFIZH I T3 19v09a15 U5 2nD VI IBTWU S VDAL U-
a d‘w Y o a"’ [} 3 dy =1
TnadTuuiduned Idnumseongns lumsduiuieradn

%Juﬂﬂusllﬂ\'iﬂ"liﬁﬂﬂ"l

9: F) [ A o Aaaa ~
FAveldnaumumsnaasuiiu 3 uwumsnaaes wazfulguniesilfisouad

Taosad luTasi (Domestic Microwave Reactor)

4 [y d aa o d a
Lmumsmamﬁ 1: ﬂ1§’d\1!ﬂi1$‘ﬁﬁ1iﬂ§$ﬂE]iJ'N'J'JﬁW‘I»!ﬁ‘IJ‘JZ!ﬂTI diamides ﬂlﬂ@!!uﬂiﬂﬂ’)
Tuuw’mﬂﬁﬁ%m Nucleophilic substitution

v

ﬁmH‘WU‘ﬁﬂJﬂ\‘I 2,3-dihalogen-1,4-naphthoquinone MWﬁWﬂﬁﬁ?fﬂ nucleophilic

v J

substitution AUOYWNUTUDY primary amine lagiAalPATAA MU 2 HT0 3 VoI 1,4-

a

. Y = ' A A PR . . o o a
naphthoquinone umgﬂaﬂuwy halogen Mmanliilu primary amine nnduiimsdaielagms

o 4 ] aan ) v J .

TAIIEN diamide muﬂ;]ﬂifﬂ nucleophilic substitutions w?amauwuﬁmm 2,3-dihalogen-
o aaa . . . Y v . .

1,4-naphthoquinone iﬂ‘mﬂgﬂ‘iiﬂ nucleophilic substitution AUBYWUTUDI primary amine Tag
Y a aan :/I ) ] { . :JI o a\

Ay liinalRATeied MU 2 uag 3 e 1,4-naphthoquinone NIUNINITAITAY

o I . . ' aan e1e . .
NITTIATIEY diamide muﬂgmm nucleophilic substitutions
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- RTDCH, R NH, N—C
R—— - g~ 7
s i ~

OH O N—

R 0 0 R o 1K

{ @ J aa o d a ]
719 18 Mydunszranssznon1adIsWusszan diamides yoaun Inad Tuumuy

ﬂf] n3en Nucleophilic substitution

Y Y

. o d aa d ! X
!lwuﬂ]ﬁﬂﬂﬁﬂﬁﬁ 2: msmm51311%11‘5ﬂi%ﬂ‘ﬂ’;ﬂ’;ﬁwuﬁ?’nmﬁﬂmm!mﬂiﬂﬂ’ﬂuu iﬂﬂﬂ‘lﬁ

v

MansenNueUNUEVDI aniline 4az1)AI0VY intramolecular cyclization
y

Q

g

) 4 . o Aaaa . . . [
HUIDYWUDUDN  1,4-naphthoquinone 111‘1/]1‘1J§]ﬂ5fﬂ nucleophilic substitution N

@ 4 . A . . Y o Aaaa d‘o oA A
OUNUTUDY aniline NY primary amine mmﬂgmamm;mmm 2 Bio 3 vy 14-
3 = < aa o J . a o
naphthoquinone MMiNarauduasiszneviadisiusimasuvewun Inad Tuu Taserds

aaa a . Y Y Y A 91
UPATeUNARIY free radical 1T0M31HANNTOUAIITMS reflux tazms 19 luTasow

7z
Lo O
Br HoN Br AN
. | —R
- - A
Br Nucleophilic substitution H
o (e}

cyclization
o
X
LI
N
(e}

~ @ J aa o JY A a o
gﬂ“l/] 19 MsdansznaslsenouIsnusivasuvoswun Inad Tuu Tagnsi

@ v 7

UPnIeiueyusye aniline 1az1lAI911V Y intramolecular cyclization

Q
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d' [ d aa v dJdg d' a
UAHNIINAA0IN 3 : ﬂ1§ﬁ'\1!ﬂ§1$“r‘iﬁ1§‘l.lﬁZﬂﬂ‘iJ'NTJ'Jﬁ‘Wuﬁlﬂﬂ!ﬂﬁﬂﬂlﬂlﬂﬂlluﬂiﬂﬂﬂiuu Iﬂﬂ
o aaa Y] Y . a . . .
msmﬂgﬂsmﬂuauwuﬁmm Tryptamine 1aza29uvY intramolecular cyclization
o Y4 . o aan e . . Y]
HIDUNUTUDY  1,4-naphthoquinone m‘mﬂ;]ﬂiﬁﬂ Nucleophilic substitution N1
. ] . o o . S o & aa o &
secondary amine Taely Tryptamine UATOUWUTUDI Tryptamine 1nUUYA1uTUIIFWUT
< ~ o .. IS o aaan A . Y a ] A
Ay Ingo1dy Transition metal Lﬂl&ﬁ’)!iiﬂgﬂiMﬁi@Wl& free radical HAUANHPYLUNUN
9 EJ 9
vuTisaouveslulnsnuezaoulaoldlfnser alkylation #3o arylation Meiiluduaouns

[ ana . . . 9 Y Jax = = @ Y
NN intramolecular cyclization 3¢ 1¥ANUToUTAYIHITNT reflux 1l3sumennumsly

TuTasn
R, ©O
X NucIeophlIlcsubstltutlon
*O‘ x ly | *
R O
(

Tryptamlne derivatives)
R; =H,OMe, OH

Ry = H,OMe, OH
R3 = alkyl, aryl
X =H,Cl,Br, |

cyclization

~ o 4 aa o Jd ~ a o
E‘IJ‘V] 20 ﬂ’li’tff\'lLﬂ'fl'13Wﬁ’lﬁTJ53ﬂﬂU’N'J'J“ﬁWu‘ﬁﬁ]ﬂlﬁaﬂﬂﬂl@%iuﬂi‘ﬂﬂjiuu Iﬂﬂﬂ’]ﬁ‘ﬂ’l

@

Aaaa Y] 4 . IS . . .
ﬂgﬂi YINUVIUNUTUDN Tryptamine 1azlA291UY intramolecular cyclization

Q
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msUSulgenseninjnseuniilas3sdlulnsnvl (Domestic Microwave Reactor)

o av Y dyo v A d?l A o Y 9 a aaa
ﬂi]i!ﬂuﬂ'lujfﬂﬂ@]1uuﬂ1a\‘lim1ﬂﬁl]u L‘L!E]\i"lﬂﬂ‘ﬂﬂﬂﬂﬁl"]ﬂﬂaﬂuﬂWiLﬂﬂﬂQﬂim

' 1 < a @ 09.;‘ 4 o aaa o ] o
tesnin ualinledidudnanangs dufuaiosinlgisouniidrslulasnveensimitenily

9
%

A Y [ v Y a S & A
nanaruaulaglsjuaiugy uazniuguon Tulia Taslsszuuaouiimes §alsInmng

CEM ./
Mgpegpat”

3 191 21 Commercial Microwave Reactor

A =] = o aaa a & g Y
!ll@!,‘llﬁfJULVIfJUﬂ']ﬁVIT]JI‘]ﬂifJ']IﬂfJﬂ'ﬁ reflux HUDANFUT UMTHIANTOU

. . Y a 4 a Aa o ' Y} Y} A 9
(conventional heating) IﬂfJﬂ'Nlliﬂuﬂ%[ﬂﬂ"’lluﬂ']ﬂ‘ﬂﬁL?ﬂ!ﬂﬁﬂﬂﬂllﬂuiﬁﬂ?'\ﬂiﬂutu’ﬂﬂﬁNﬂﬁ’ﬂ\‘]
@1&85’3ﬂﬂ1@1uﬂ1§w1ﬂ'}1ﬂ%}@u VOITGlﬁ}ﬂ']ﬁﬂﬁgflnﬂ@ah"ll@\iﬂ'l'm%}@ullliﬁﬂ’llﬁﬂﬂ ﬂlm$ﬁﬂ15ﬁ1
aan 9 9 a Ad? d' v o d‘
dpnsenTasldlulngnml (microwave heating) AMUFoUINATUITDININAIRIAZA109AATY

] I . o g o
LlﬂlﬁﬁﬂHlWﬂﬁli’Nﬁnﬂ microwave reactor ‘Vl"Ialﬁlﬁﬂ"liﬂigfl]']fl@]'m]@\‘lﬂ'ﬂll%}'ﬂu?fllHﬁllf’]l,l,agﬂg

= a

a Y dg’ 1 <3 o { A~ o Y A
NAAIMUIDUUVYUBDYNIIALTY ﬂ\illﬁﬂ\iﬁluﬁ‘ﬂﬂ 22 IUDALUANLAANTSAUAITNIDUNGUN YU

u

Y v [
uaz@iituuaasszauanuiounguugiia

. o Rilaoe: 52
Time=60 Surface: temperature (T) Time=60 Surface; lemperalure (T)
T T

0.0372 -

sqo 00372

=]

350 B93mL
=0.0372 -

B84

309 .pos P
Miin: 288 -GIN0ASTONIEFBES Mif: 315

BABEr
-0.0272

BEaE9 -

Microwave Heating Conventional Heating

3 U 22 Wssuiisuszauaus o microwave heating L1 conventional heating
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b4 1 1
Tums et IdiaumiesluTasnfhuuiiuniesinlgasouaiidae luTas
TagihmssaudaumevluTasndildluasafounaly  dwenud 245 GHz  Feorde

vanmalasundsau i diduadumiman ldihitianwdgs uasiindanugeild
i1
i1

@ ! § J
IﬂfJﬂﬂll‘]Jﬁ\‘]LT?)']ﬂ?uﬁ%ullﬁ')ﬁiﬂﬁ@’]ﬁ’]i@@ﬂ LﬂTﬁUTﬁﬁg HAZIEVUNBABIVIINUNYUDON

Aaan a dgl 1 < Y s 3 o a Y o A Y o
Ansennavuedsa ez Iilesiduanananga uaz laaaulasiveliamnsoi
30110875 Reflux moldaniizlulasnulddantauaenlulnsn Sumsung M1932

Y Aaa 2 A A o Y Aq Y v
lla$1%@@]uluauu1!lmuwu1aﬁ$ IFDUNANUAIINTY  Elastomer Vlullw ﬁ“ﬁﬁ]ﬂi{’lﬂlﬂu

agiiflonuny mizdeanmsli Magnetic Stirrer a& Magnetic bar 11 Reaction Flask mgu"l@gf

£
] Y

A A . Vw v A . Y
wosnnmnndulave Magnetic Bar ve livdume AMuDUvYeUATEI Microwave Reactor 1@

1123 Wield Condenser FsopnuuuIiey THaunsoas lAwedny Reaction Flask n1eTuian

TuTasn

517 23 m3dsvilgunsesinlnsouaii Tassed luTasu (Domestic Microwave Reactor)



UNN 2

a d
ANANIINAABILUAS AUNIICHNANIINAADY

d' [ d aa o d . . a v
2.1 aouN 1 ﬂ"lﬁﬁx‘i!ﬂ‘51%1’1@715‘1]igﬂi’)ﬂlﬁllﬁwuﬁﬂiglﬂ‘ﬂ diamides ﬁumuumﬂmiuumu

ﬂﬁﬁ%m Nucleophilic substitution

Lémﬂﬂm‘i Funsizans &519: AU 2, 3-disubstituted-5,8-dihydroxy-1,4-naphthoquinone
(55a, 55b) M'laTaenin maleic anhydride (54a) 130 2,3-dichloromaleic anhydride (54b) UM
ﬂﬁﬁ?fﬂﬁ"u 1,4-dimethoxybenzene (53) Iﬂﬂ@Wﬁﬂﬂﬁﬁ?M Friedel-Crafts Gdlﬁﬁ aluminium
chloride 8% sodium chloride Lﬂuﬁamﬂﬁﬁ?mmlﬁ 5,8-dihydroxy-1,4-naphthoquinone (55a)
waz  2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b) luil5una 13 uag 70% yield
awddy dalasaadvesssnansusiinaesansonoudfoniuineiinenu 3’
manaaesinlafdudHaAHAATDS 5 8-dihydroxy- 1 4-naphthoquinone (552) 1 A3 e
971N maleic anhydride (54a) 1 electron density meluaunnn 2,3-dichloromaleic anhydride

aa

(54b) A1l chlorine atom (Hunyasdiannsou 117 1,4-dimethoxybenzene (53) 111ilfA501

U

9 =2 9y a o Y 1A = ~ @ . .
1dennddldasnansusitosniudenlSeuiouny  2,3-dichloro-5,8-dihydroxy-1,4-naphtho
quinone (55b) FaiuMINeaeeiivalsy 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b)

< A
Wuasaaau

OCH, OH O
R

ACI;, NaCl O‘
170-180 °C R

OCHs OH O
(53) (54a) R=H (55a) R=H
(54b) R=Cl (55b) R=Cl

3 Ui 24 mdunsz 5 ,8-dihydroxy-1,4-naphthoquinone (55a) 1a& 2,3-dichloro-5,8-dihydroxy

1,4-naphthoquinone (55b)

17
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!,fliﬂ”lg]}’d ﬁﬁy«?fu 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b) mﬁwﬂﬁﬁ?m
) aniline (56a) 30 p-anisidine (56b) 1 ethanol Taoniuaisazaeiiumar 16 $2Tus @
GIIMRFTRER seTnznouduaaindy donsnsewmzneuas ldes (572) uaz (57b) lu
1518 82 uaz 78% Mua1ay @11SUET (57a) Lﬁaﬁﬂﬂmnﬁaﬂmm%ﬂﬂﬂ“l%’si’fay,a 'H-
NMR WUdQa 19l broad singlet 494 1 11/500ou NH #i 7.84 ppm wudgauvedllsnouuu
aromatic ring W multiplet 1UIU 7 Iﬂi@ﬂu“ﬁl 7.09-7.40 ppm uazﬁtgtymiﬂmeumm —OH
U 2 NQU 1 11.90 1az 12.86 ppm tazans (57b) WUTYQ 1% broad singlet ¥4 1 Tisnou
NH ‘ﬁ 7.80 ppm W‘Uﬁﬁlﬂlﬂﬂ!ﬂl@ﬂﬂ‘iﬁ@ﬂﬂﬂ aromatic ring U 6 Tilspou uazﬁﬂgﬂunm

T1lsmouwued —OH $112U 2 AQu N1 11.90 1A 12.90 ppm

OH O OH O

Cl EtOH Cl R

—_—

90 - O Y
Cl H

OH O N OH O

(55b) Hz (57a) R=H
(56a) R=H (57b) R=OCHj
(56b) R=OCHj

gﬂﬁ 25 ‘]Jf] n3en nucleophilic substitution ’t’)lgﬁuﬁ{‘llﬁlﬁ 2,3-dichloro-5,8-dihydroxy-1,4-

naphthoquinone

1 < [ J aa o d a
@iﬂ\‘lhliﬂ@]WﬂJiuﬂWﬁﬂ\iminﬁ?ﬂi diamine (58) VOIS NUTLUN INAI Tuy

=

o & a ] : . { . % @ 3 )
mgﬂu&'mmwggmuﬁ amino group WILLNUAN chloride BA¥TIIDzADY AANUINIAT (57a) 1N
‘ﬁT]Jf]ﬁ?EJ”I nucleophilic substitutions Tudmian 2 Taegly primary amine Tudriazae
12 a [ d a dgl ==} ng 9 ] 09/’ J A . o 1
EtOH Ul‘JJ‘JJﬁ']iNﬁ@]ﬂﬂl“ﬂlﬂﬂﬂluwLWENﬁ"IiGN@]UWHUL! ATAIUUDIVINHAUDY amine “lumamm
4 A A ¥ Y o 1 9 . = . <
7 3 NUenMHoITAT NANUNENZUAITIdINa 1119 naphthoquinones U electron density g4UU
dawa’lyt nucleophiles laianansaunun ludwmiiah 2 1asn
OH O OH

O
[ H
cl N—/R'
40 wag@

NH Et NH

(57a) (58)
3 U 26 ﬂf] N380 nucleophilic substitution YD primary amine A1 2-chloro-5,8-dihydroxy-3-

phenylamino-1,4-naphthoquinone (57a)
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{4 A 1 o < ) . .
o vedu sz auanudusavariiens 2-chloro-5,8-dihydroxy-3-phenylamino-
1,4-naphthoquinone (57a) 1481 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphtho-
. a ] . o aaa @ . . 22 o A 4
quinone (57b) WUANNY amino 1A8I1RNTEINY sodium azide™ Auaaslugin 2.4 wazli

Y aaa an am I { < )
anwfounuilfnsen 2 35 Taedsusmilumsldnnudou reflux 01 80 °C Hunar 3 #1Tug

an A <

uagdsh 2 WumsldanudeuTlaeld microwave irradiation 1 DMF Tumsldnnuioulae

an 1A = a 492} A a
7% reflux WUNIAZNOUTLAUNATY NTBILBAAZABY 92 1AE1T (59a) Az (59b) TudTuna

o @ 1 1 ~ ) VoA o M Y A

38% 1Az 86 % MWAIAY Tasmadmavesrgunui ludwmian 3 ildladsnavesans

a o A 1 o & 2 1 A g .. a .
NANAUNNUANANNU HIN1T (57b) uwyjtmumﬂu p-anisidine N3 DLNA electron delocalized

1 a o o a 1 1 { g e
1INWY methoxy 1@Av9 laasnaafmat lulSunamnnims (57a) Tvjunuiilu aniline
911nYo1an1 'H-NMR 04 (59a) 11az (59b) WU 1121 T1)5AouLY aromatic ring Y04 aniline
(56a) LT p-anisidine (56b) 110 l11eg19az 1 @7 Tae 'H-NMR spectrum U84 (59a) 1A
aunng wunquuesdya s Tsaeusiuiu 2 Tsnouunig aromatic Y99 naphthoquinones
HaZNAWKUL 7.50 ppm 1AZBN 2 NQUUBY 4 11/5@OUUY aromatic ring NAMHUI 8.11-8.12
1 % a g1 a
1ag 8.52-8.53 ppm Laz IUWL broad singlet 1 11/5AOU ¥4 NH $991AMIAATILHUNLINA
a al g A o 4 B o Aa 922 1 1

Mstaanaduaisnandan (59a) Fansanunisieau3? @ 'H-NMR spectrum 109
(59b) AMEAU (59a) Annuassiauanasmiell Jeildnguuesllsaouduou 2

Y
Tsaoutiuuensonaindy diuvesasazalsnnmsnisainnaiaalslanas Isimuy uag

s, ' v
o a =

TlﬁJiQ"V]‘ﬁIﬂEJL‘VIﬂﬁﬂ column chromatography Asdinansdaduty 2-chloro-5,8-dihydroxy-3-
phenylamino-1,4-naphthoquinone (57a) wuﬁ’ﬂgmmmm broad singlet Ty 'H-NMR spectrum
YDIHY NH, N1 4.69 ppm Hag broad single Y99 NH 91 6.56 ppm UonINHIINUTyg1a1ves
T1ls@ouuY aromatic ring 912U 7 Tsaou wazdinudyanaldsaouves -OH 1w 2

1 ~ = ' 9 a o SN Y A & v A
ngu 0 12.14 1ag 12.50 ppm Hma Inseaswvesasnannmain Id Ao (60a) FIATINVAT]
510013 ualunsainansdaduilu 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino -1,4-
naphthoquinone (57b) MIWU@15 (60b) AIAIUHOININMTNAATT (57b) WU electron

. ] o Ay Y J Yy a d? Y =) ~ a

delocalized Y941 methoxy A47 Idnaumaniadu ladwdanuiieaas (59b) TuilSumgs

aaa

1 Aan A Y 9 [ 9y . . . e 2"} ! =
qAIUITN 2 ﬂ”lﬂ“l/iﬂ’nui’ﬂuﬂ‘uﬂgﬂiﬂﬂﬂﬂi% microwave irradiation uu‘luwmzﬂaummq

v 9

A o Ay Y ~ ° Y a = ]
sazmndloimsazaeh lananaale lanae Islimunaziliusgns laold column

chromatography WU Juileasdadudy  2-chloro-s ,8-dihydroxy-3-phenylamino-1,4-naphtho

quinone (57a) $11U{3611U sodium azide 92 14615 (59a) 11ag (60a) TuilTuras 39% wag 38%
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audey  uaiield  2-chloro-5 ,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone

(57b) un 92 14a13 (60b) TudlSunar 24% e nden Tag lunuamswandunnllalrunaau

OH O OH O OH O
Cl _ NeNs DVF Ij/ N*'j@/
H MW 850w, 4 min or
Reflux 4h., 80 °C OH O
(57a) R=H (59a) R=H (60a) R=H
(57b) R=OCHs (59b) R=OCH; (60b) R=OCHs

A aaa ' v J [
3191 27 173813219199 WUFYDI Naphthazarin 11 Sodium azide 11 DMF

Nt (60a) t1az (60b) ¥1111HNTNV diethyl malonate wﬂumiﬁdafj
ludeslfiams  ilewSowestsznon  diamide uanmzlnirnndariazars  Taerh

aaa

Y v
‘]Jg]ﬂiﬂﬂu pressure tube WUIURWIZATY amino group mmuﬁﬁﬂgﬂﬁmnu diethyl malonate
@9 secondary amine lihilgnseniiosainanuieslalumsinl§isenves secondary amine
] { a Aaaa [ { 3
aatipgadde luannsonagmal§isenmsudala agmanlagu secondary amine 191y
. d‘d o aan [ 1 o Y A’ o AaaAan Y
nucleophile 718 Tagigasenuwd liaunsaimla wesmnwaee: hlvinlgisenn —cH,
{ I 1 o :/l
U094 malonate NHANMUTIY acidic proton ¥INNI1TUTADUYDY secondary amine AIHUAIT
{ o aaa | . . . o oA d .
nlasuannzlumsiilgnsemsen)asuanld dicthyl malonic acid n3eeyWusNIY acid
. A o = aaa A o a I an o IR o
chloride tWeIIMIANEIINTEIMIINBIINMTTaruluaslsenon193 s HUT BTN

Anuee

OH O o o OH O Q@ 9

NH NH/U\/U\OEt
N a0 o )
pressure tube NH
OH O 130°C,12h OH O
(60a) R=H (61a) R=H
(60b) R=OCH; R  (61b) R=OCH,

§ Aaan 1 4
51 28 ﬂ;]ﬂﬁfﬂ Nucleophilic substitutions 3¢+ 314 primary amine Y9391 W5 Naphthazarin

U

1 diethyl malonate
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d' (Y] d ana v JdY d' a o
2.2 aoui 2 MadunsizrasdszneuladIswusvuvasnvaawuInadluu laansm

% v d

U n3enNuay U5 V04 aniline 18z 9VY intramolecular cyclization

15U91NMIFUATIZH 1 4-naphthoquinone (15) 114 Taso1fo§ATen oxidation Vo9
A . . . <3 e . o Aaaa A
msdsznou naphthalene (62) Tasdl chromium trioxide 111 oxidizing agent Iﬂﬁm1ﬂ§]ﬂ5€ﬂ‘ﬂ
Ao 4 a Aaaa . . 1 . I
guHANANToIINNALRNTe1 oxidation NFUNTI 1A14-naphthoquinone (15) 1Hlunanddu
[ ~ I~ 4
35% yield 11n90yan1e H-NMR Wudaah 6.99 ppm 11U singlet 1199910 1n5903 19009

. A o = = S 223
1,4-naphthoquinone (15) NANHUSAUNINT "]5\3@]5\3@']111/“?’13]11518\1114!“13

o)
CrOs, ACOH O‘
—_—
o)
(62) (15)

51/#1 29 Msduns1YH 1,4-naphthoquinone (15)

9w A A ' g ° A
°V]1\1ﬂﬂ!$Ejﬁ]ﬁlﬂ']ﬂj']lmﬂuwu‘lllﬂucﬂlﬂu halogen Glu@nllﬁu@‘ﬂ 2 1ag - 3 Uy

aan

2 ] Y a a Y d? T o .
1,4-naphthoquinone e linamstale lddevy hlﬂJ’ﬂi]zEﬂﬁﬂﬂ;]ﬂiEﬂ free radical

4
v &K o (4

g . . N . . . [ 4
nucleophilic substitution H50M5IAIVY intramolecular cyclization AIUUINNINTHAUATICH

2,3-dibromo-1,4-naphthoquinone (65)24 1910 1,4-naphthoquinone  (15) ‘ﬁ1ﬂ§jﬁ§fﬂ

a ' <

[ % I Aaa a
bromination 11 Br, 1u AcOH Guiluilfnseniiiadie 52152 1dars 2,3-dibromo-2,3-dihydro-
. d! d‘ Qy 91::‘ a9y a Y d! d‘ o Y o
1,4-naphthoquinone (63) 80% Fuilons ANgaungiidounadatsdr Fuierhliszmedai
9 v o N Yd =2 A A Y Yy A a A o
azarweenmeldannuaudi @i unantivasady dodsudy ethanol tieiloamsaaieda
Y o Y 9 9 . Y o PR Y =\ A
wah i 1danudeudis microwave reactor Hd IHEUE ldnznoudvaninnadun ning
9
ATNOULLVAAANNAUIL]A 2-bromo-1,4-naphthoquinone (64) 81% yield 1NHUIINTH
aaa . . 3‘ = 3 £ Y . . a
ﬂgﬂiiﬂ bromination $19nATINiLe 1Aas 2,3-dibromo-1,4-naphthoquinone (65) 85% (gﬂ‘ﬂ 30)

FailonsvaevInseadialagly 'H-NMR uag mp 218-220 C wunasenunseau'ls™
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(6] (6]
0‘ H Bromination Br
H BI’2, AcOH Br
(e} (6]
(15) (63)
MW 850 W
EtOH, 4 min
(e} (0]
O‘ Br Bromination O‘ Br
Br Br,, AcOH H
(6] (@]
(65) (64)

3 1/ 30 msdans 131/?' 2,3-dibromo-1,4-naphthoquinone (65)

03 2,3-dibromo-1,4-naphthoquinone (65) ﬁﬁ Qlﬂi1$ﬁ1ﬁ}u1ﬁ1ﬂﬁﬁ§ﬂ1
nucleophilic substitution 1) p-anisidine (56b) 111 cthanol Tasnuasazaioniung 24 $37u4
%ﬁmﬂaué’mmgﬁﬂﬁu Lﬁ'flﬁmﬁﬂimﬁ%ﬂ@u%qﬁlﬁﬁ 2-bromo-3-(p-methoxy)phenylamino-
1 4-naphthoquinone (66) 85% (gﬂﬁ 31) Lﬁeﬁﬂﬂmmﬁ@uTmm%’wﬂﬂﬂ%’%’ey‘a '"H-NMR W1
ﬁmumUWm singlet V94 3 Tsmou methoxy‘ﬁ 3.86 ppm WUﬁ@Nﬂﬂ!‘U@QIﬂWﬂMUU aromatic ring
i{lu doublet 2 nau $1uau 4 Tilsneu il 6.90 uaz 7.09 ppm tazdyanuvesTsaouY

o % I
aromatic Y94 naphthoquinone $1u2u 2 Tdsaou Foununudyamldsaouves NH 1ilu

multiplet A 7.67-7.83 ppm 1azdn 2 Tasaou i1 doublet 2 N 1 8.12 182 8.21 ppm

o} 0]

Br EtOH Br OCH3;
_—
98 -GS UO]
Br H
(0] 0]

(65) N (56b) (66)

3 Ui 31 mdansiegd 2-bromo-3-(p-methoxy)phenylamino-1,4-naphthoquinone (66)
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11 2-bromo-3-(p-methoxy)phenylamino-1,4-naphthoquinone (66) Alduilvine

a . . . Y aa o JdY A . .
M31A29UVY intramolecular cyclization Talue I siusH unasueg indolonaphthoquinone
£ 2 KX o o 7 v . L. Y
%4 Knolker, H. Juazaniz” F9imsdansiei 1aely palladium(IDcatalysed cyclisation 1@

indolonaphthoquinone TudSina 84% yield é’]}’JEﬁ%miﬁ'N@] Tﬂfjéﬁﬁﬂmﬂ’jmmﬁﬂymz

Y

Taseadramanii luaiuves p-methoxy phenylamino group U 1 electron density gu9E

a . Y v Ao A I ' . &£ g
AWNTUAAMT electron delocalized 10 Usznouiundwmian 2 iy bromine iy

leaving group a WmAI19znansUalauy  intramolecular cyclization etims 1w

%

WasuRuRnTe Gunnmstianudoulaveids microwave reactor Tan1eith

azawmmnmaﬁ’u Ul@l,l,ﬂ Toluene, THF 1taag DMF LLG]W‘]J’NMlSJLﬂﬂ’]JQﬂiEﬂﬁQ 3 40172 A9

1 d! Y o w d‘ . d' o aaa 9 :JI 1 Aa 1=} o
TIUNUIDTIVITUIINUDIINAVDIUAT O microwave ﬂﬂWﬂgﬂiﬂ1hlﬂﬂiﬁa$lliJlﬂu 8 UIN 81N

Trlgasenlasuwasauanudou limsamenezinalgasen’ld (i 32)

u
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T oo
N N
0]
(66) (67)

~ @ J an o JdY A a) .
E‘]J“I/] 32 MSNAYINTUATIZTHATUTZNOUIITHUFH UKW AsUTAIWVY intramolecular

cyclization Tag01Fe microwave reactor

oa/l ~ ag Y o ) @ & A . I o
’l]']ﬂul‘ll‘]_laﬂu?ﬁﬂ"lﬁGlﬁWﬁQQ']uﬂ'Nllﬁf’]LlIﬂfJ@']ﬁfJﬂ"lﬁ reflux 3N mesitylene wWuan

a

o o Aaaa ~ ° I o 1 1" Aa Aa o o
Nnazay ‘Vnﬂ;]ﬂ’iﬂmqmﬁﬂu 140 C Wuan 24 ‘IﬂIlN WU?T“NLﬂﬂﬁTﬁNa@]ﬂm“ﬂLﬂu

Y

v
=

asszneura I sRuS T masy 1dans 3-(p-methoxy)phenylamino-1,4-naphthoquinone (68)
. S 4 = . 4 ~ [

42 % yield 1] reduced product FIWNUN bromine A28 hydrogen BAON (31N 33) MAN
4 o o o I o . o : {
1o nasasau (66) Tasuwasaugadunaiu ¥1l% bromine ¥uily leaving group 7

=2 Ay Y
ANGABBNLIAZHNUNUNAIY hydrogen ’e)gﬁﬂﬁ\l]lﬂ
o

Br OCH3 OCH3
O‘ /©/ me3|tylene /©/
H reflux 140 °C, 24 h
O
(66) (68)

~ [ 4 aa o Y = o .
gﬂ‘ﬂ 33 ﬂ'li‘W‘(’J'IEﬂiJﬁ\'ll,ﬂ‘ﬂgﬁ’ff'l‘iﬂ‘igﬂ’f]‘]J'N'J'JﬁWHﬁ’I’THﬂaﬂllﬂﬂ’NlﬂJ“lJ intramolecular

cyclization 1A891A8ITN5 reflux
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Y

DRLIIGEEN 2-bromo-3-(p-methoxy)phenylamino-1,4-naphthoquinone  (66) 11971

aaa Y { a o < o A o '
U507 pyridine Tae reflux Ngavgh 140 C 1funar 24 $1Tue Tagaazditoaan
pyridine verglumstanlag nitrogen atom U pyridine 3¢ coordinate 11 bromine YDA

oa.:l Y & =~ Y .. Y o aan A A . 1Ta &
fadu Fumetisieauin pyridine %3&%1%1ﬂ§]ﬂifﬂ‘ﬂ carbon NN bromine Lmzagmmﬂu
iminium salt’ uagieInA electron delocalize YUAIU p-methoxy phenylamino group 3 ® 1N
=

1A intramolecular cyclization 18 Tasmsvia pyridine @aﬂmﬂimaﬂa LLGIWU’Jﬁﬂﬂ“IJ;]ﬂ‘iEﬂdﬂJ

Nesas 3-(p-methoxy)phenylamino-1,4-naphthoquinone (68) 96% yield G]NL‘]JL! reduced product

0]

Br OCH; OCHs
cedon e e do;
O

H reflux 100 °C 24 h

(66) (68)

~ [ 4 aa o Y = a .
gﬂﬂ 34 ﬂﬁWEﬂﬂHJﬁ\‘lLﬂﬁZ?i’ﬁTi“]JiZﬂf]“]J’J\‘l’J’J‘ﬁWH‘ﬁWHWﬁEI?J“]J@]’NLL“U“IJ intramolecular

cyclization IﬂﬂﬂﬁﬁWﬂﬁﬁ?mﬁU pyridine

Y
vinudve laneewiil§iser intramolecular cyclization Y94 2-bromo-3-(p-
methoxy)phenylamino-1,4-naphthoquinone (66) TagodonIsIna  free radical HIAIAINE
{ o ] 1 Hp)
015D generate free radical ﬁmzmm C, ul@a]} mel]"lﬂNaﬂWiﬂﬂﬁﬂQWUmWWSﬁWiﬁlﬂu reduce
& A . 9 A & 1 ] a A~
product HIUNUN bromine #IY hydrogen atom (gﬂ“ﬂ 35) GIMAINUIISLNAIINLNDUNIT
v Y [
generate free radical AR WMWY C, 11&7 free radical # l/5SuT)smounnunadu 39lumans

o 1Y) ) 3| 1 I a o 4
#319W UL aromatic ring tadarautluans (67) ua 1A reduced product Huanswandaad

Br OCHj; OCHj
AIBN, BugSnH /©/
H reflux 110 °C 24 h
(66) (68)

o Y

{ @ L4 aa { a
zﬂﬁ 35 MINNUTUATIZHATUTZNOVIIITWUTH WaeNTA19UY intramolecular

cyclization Tago1fun15ina free radical
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d' (Y] d ana v da d' a o
2.3 aouil 3 MaduaszriasUszneuladIsiusidamvasuveaunInadluu Iaansm

% v d

ﬂﬁﬁ%ﬂ]ﬂﬂ@gwuﬁﬁui’)d Tryptamine uazUa29uuY intramolecular cyclization

Tumsiimsnaasanonil ssnaduiil4ae 1 4-naphthoquinone (15), 2,3-dibromo-
1,4-naphthoquinone (65) !la¢ 5-methoxy-2,3-dibromo-1,4-naphthoquinone (72) G?;Qig]}ENﬂﬁ‘m
MIFUATIZH UL 5-hydroxyl-1,4-naphthoquinone (69) ¥11A3e1 bromination 11&21%
ANU5OUAIY microwave reactor W ethanol lAang (70) mmfmﬁumgﬁmﬁ"u ﬁig: hydroxyl
A2013 methyl Tao% methyl iodide 1azil silver oxide 1Hludn3 91§51 I8Tu 5-methoxy-2-
bromo-1,4-naphthoquinone (71) 98% mm‘fummﬁwﬂﬁﬁ?m bromination $18nA3aNiTa 14ans

5-methoxy-2,3-dibromo-1,4-naphthoquinone (72) 77% (3 19 36)

o o
[ — .
2. EtOH,
H MW 850 W, H
OH ©O 2 min OH O
(69) (70)
1. AgO, CHQC|2
2. CHyl
o )
B T —
Br H
OCH; 0 OCH;0
(72) (1)

3 17 36 MIdans 1$ﬁ 5-methoxy-2,3-dibromo-1,4-naphthoquinone (72)

1o 1@pYWuTU0Y 1,4-naphthoquinone (15, 65, 72) MWABINT Wunhlfnsen

nucleophilic substitution 3T] tryptamine (73a) 5D 5-methoxytryptamine (73b) Tagms ¥

Yo A

9
$oUAY microwave reactor WiJTlmil,ﬂﬂﬂJ;]ﬂifn nucleophilic substitution winavu laaloas

Y
v 9

I . . 9 J 2 4 a ' A qazl
Aaauily 2,3-dibromo-1,4-naphthoquinone (65) Taglvin)osiuanananganinlunsainaisag

12

3 4 Aa A : ad )
Auillu  1,4-naphthoquinone  (15) HipInINdNFWAvE TusHuFuTungdBdnasouiild

v
= aaa

a ° v d . o a
electron density luaauunInadluud uazduilu leaving group Md shliinalfasen

<3 L 4 Aa v
nucleophilic substitution 1&5905mazIflosidud WAaNAAGININ 1,4-naphthoquinone (15)
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Taoiiiai1l§3e17 tryptamine (73a) I@wansaal (74a) uag (74b) 40% uag 89% MUAINY
nAMIasnlnseaselaeld 'H-NMR 1ag mass spectrometry W11 'H-NMR spectrum

A

anvagIndifeaiy fe Ndynna wiplet vos 2 Tisaeu CH, uazdannal quartet Y99 2
Tilsmou CH, ﬁegjﬁﬂﬁ’u NH lunsfivesans (74a) 9 singlet ¥04 1 T15a0u% 7.09 ppm
uagas (74b) lunudnyaam singlet Tilsaouil u@ﬂmﬂﬁywuﬁaumunm broad singlet V04 1
Tsnou NH uaz singlet v0q 1 Tusaeuii C, ¥0934 indole waziidamnangu Tulsaeuumy
aromatic ring Y9N indole (18¢ naphthoquinones pd19az 4 Tsaowily triplet of doublet 2 ﬂtj'll
18 doublet of doublet Bn 2 NQY LA WUFY M broad singlet ¥4 1 T1/sA0U NH @10 910
Joya HNMR awnsoszyimaulilsaoulddaou ez mass spectrometry Wuiinaa
Tuana 317.12514ag 395.0428 A3INU G13HNIAY (74a) 1A (74b) ANEIAY Hoansda
AU (15) uaz (65) ¥11Rn3017D S-methoxytryptamine (73b) IAenIHAATaIAT (74c) LA (74d)
38% WAz 75% MNaey 1amMIasinlnseasielaely 'H-NMR wud1 'H-NMR spectrum
dnvazlndifedy RN Uas (74a) Laz (74b) GiNﬁuﬁﬁ’nquumﬂ@:ﬂﬂimuuu aromatic
ring Y94 indole 11 T1/30@UF 112U 3 Tl50U 1]1 doublet of doublet 2 AW HATsinglet $1UIMU 1
Tilsaou Lmzwuﬁ’@mm singlet UBN 3 Tlspou methoxy A% mass spectrometry NUNLNIA
Tutana 347.1396 118y 425.0561 A3INY A1IHINBIAY (T4¢) LAz (T4d) MUAIAL waziiiorhans
(72) AR50 tryptamine (73a) A5 (74e) 53% 1imnasdnInseasialaoly 'H-NMR
wudayaa tiplet vos 2 Tlsaen CH, 7 3.15 ppm Fayayia singlet v8a 3 TUsaow methoxy fi
3.98 ppm AyQIM quartet Y99 2 Tilsaou CH, ﬁagjﬁﬂﬁ”‘u NH i 421 ppm oy broad
singlet ¥4 1 TUsA0U NH 71 6.34 ppm vazdyuveanguIUsaoulY aromatic ring V04
indole 1182 naphthoquinones 31421 7 TUsaou tazdyaal broad singlet 403 1 1i/snou NH

1 7.61 ppm 1AZ91N mass spectrometry WLIUWIA TN 425.0501 ASINVANTHUBIAY (T4e)

Rs
| R O 4
- Cx
CH:Cl,, EtOH R, ¢ Rs
MW 850 w, 4 min 0 HN
(748) R1=R2=R3=H
(15) Ri=R,=H (73a) Rs=H (74b) Rs=H, R,=Br, R;=H
(65) R1=H, R2=Br (73b) R3=OCH3 (74C) R1=R2=H, R3=OCH3
(72) R1=0OCHgs;, R,=Br (74d) R4=H, R,=Br, R;=0OCH;

(74e) R1=OCHjs, R;=Br, Rs=H

@

! aaa J 4 @ 4
31091 37 17381 nucleophilic substitution 31319011 FUD naphthoquinones AUOYWUT

VD tryptamine
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A
Y] o Y 14
NUUUIDYNUTUDI 2-substituted amino-3-bromo-1,4-naphthoquinones (74b, 74d,
74e) 1111511]5]5?811 Intramolecular cyclization Phl.lﬂf]ﬁ?ﬁﬂ Heck coupling reaction GRL(d
I @ 1 aaa { a aaa [ A
transition metal 1 u@nswnsen’” (317 38) Taedina lnmsinadfnsedanaaslugali 39 Tu
qu a o A o 1 Y
TUABULSN palladium(0) 1N oxidative addition 111U palladium(I) NWUFLIZHIN carbon NU
i & a Yy AAd o o v o = A o
bromine atom $43¢LAA 19ANINTH MY URUTE carbon AU hydrogen atom AJUUIUNDNTITAI

Y A ] { ) oA I . o aaa . .
aunivyununludwmnian 3 1y bromine atom 111RATET Heck coupling reaction
Y 1

NAINUUAANT insertion L%Hﬁﬁu‘ﬁzfjﬂlﬁm tryptamine (73a) 1&2AA carbon rotation tWe 1

' Y 4 a <
palladium 8% hydrogen atom @g@hmﬁmﬂu e liing syn B-hydride eliminations 1aituens

a o 4 v o

a I 1 oa/'
Hanf N 1ad palladium(II) 9&4NA reductive elimination 1wy palladium(0) leght’fﬁﬂﬂiﬂj‘]i]ﬂi

E1)

' v
A Y

) o o 09/’ ! aan . .
o 11 lumsdunsizvionase (U 39) Taelfsen Heck coupling reaction 4 9214
I 4 Qd’dd‘ = o 1 o ld'9/o Aaaa [ 1 Aaaa
o FUANANAANATBIINNANUT UL IR AToveId 13 11 RATen
d' 9 dy =l =1 Y 9 U aan ad A am 9
nly wennintaznlFeumeumslianusouungnier 2 35 A 35M5 reflux tazmsly
. ' Y Yy . ) o aaa ]
microwave reactor W1131113 11HANTBUAY microwave reactor 151381 lumsvingnsenioy
1 Y J I J a 1 an A Y 9 .
nImazlilesIFuANaNangINIITMI  reflux  H0I9INMIIHANNIoNTAE  microwave

F4
a =

I [ A A U o 1 Y (aaa =}
reactor 1lumserdemsganaunanlulnsnivesdrhazarvdanaliilfnsenlioamglgeiy

u

1 < Aas 3 @ 9 v o = 1 Y
0019599157 TUAUENITMIT reflux  1TUMTOIFAINTNIANNIDUVDIAIT Az 10T INa ¥

Re

v
a ll v o [ L4

aaa =\ aa o I \
ﬂaﬂiﬂWquWﬂNﬁﬂﬂluﬂﬂWﬂ%ﬁﬂ ﬂ\iuuﬂ’]ﬁﬁﬂlﬂﬁ’lgﬁﬁ’]ﬁﬂigﬂﬁﬂﬁ\iﬁj‘ﬁwu‘ﬁmﬂlﬂaElil"U’E'N

U U

lLHWTﬂﬂ%THH%’Jﬂﬂﬁﬁ?M Heck coupling reaction 19 microwave reactor 32 191 lumsh

Aaaa 1 J <3 4 a 1A 2 o ~
Ufnseniesnimaz InnlesisudnanangininI5ms reflux 9 1dnadan1s19 (15199 1)

R, O R, O
1 H 0.1 equiv. Pd(OAc), 1 H
0.2 equiv. P(Ph), N
O‘ 3 equiv. K,CO3 O‘
Br & R2 Mw 850 w, 6 min, DMF or =
O HN Reflux 6 h., 110 °C, DMF O HN
R,
(74b) Ri=H, R,=H (75a) R;=R,=H
(74d) Ri=H, R,=OCHj (75b) Ry=H, R,=OCH,
(748) R1=OCH3, R2=H (75C) R1=OCH3, R2=H

A @ 4 aan o JIa A a @ aaa
?j‘ﬂ‘i/l 38 ﬂ?iﬁﬂlﬂﬁ”Igﬂﬁ15ﬂ§$ﬂi’)‘]J’N’J'JTIWI!‘ﬁL‘UﬂLWﬁEJIJGUE’NLLUWI‘V]‘?YJIHHI@ﬂ@?ﬁﬂﬂaﬂifﬂ

intramolecular cyclisation
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Pd™ or Pd(® complex

b

ducti R™X
reductive L PO o
elimination n oxidative
base adition
X X
ang(u) L,Pd™
“H
Rt R H>_<R4
>=< R2 — R3
R2 R3 ’
migratory
syn B-hydride insertion (syn)
elimination H  PdiL X 1 diDL, X
N 7 4 N D
R R2 RS R \_/ H RZ RS R4

C-C bond rotation

gﬂﬁ 39 ﬂahlﬂmi!,ﬁﬂ‘ﬂf]ﬁ§m Heck coupling reaction

A = ~ -4 a o 7 aa o o
AT NN 1 L!ﬁﬂ\‘lﬂWiﬂJﬁEﬂJmﬂUL?ﬁWlLaglﬂflilcﬁuﬁW'ﬁWﬁGlfni’c’f\‘llﬂiWﬁﬂﬁWiﬂi%ﬂ@‘U?\i’J’JﬁWUﬁ

< A a P4 an 9 .
mﬂmaﬂmaugumwmiuummﬁmi reflux uazmﬂﬂf microwave reactor

Reflux Microwave
Structure
Time (min) % Yield Time (min) % Yield
360 34 6 94
360 18 6 72
360 15 6 49
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QSJ’ o aan . aa o I3 { a
MNTUINIYATET N-alkylation 29N FHUTIIAMABNVOUN INAT TUUYBI1,5,6,7,
8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-blindole-9,14-dione  (75a) lasvinlgnsefua
. Y a . 9 Y Y £ A
potassium carbonate 4L8UAY alkyl halide waz Iinusou Taeld microwave reactor F9921a0N
Y o aaan ~ . 1 09: A ~ . = S 2
[WM1RATEN NH 29 azepine 111171 1159491091 115001904 indole NH §A1ilunsngana
limalfaserny K,co, sainlfnseniios 8 wiil 9ndeyanis 'H-NMR doyaiaiueq broad

A o

singlet 1 115a0u 71 7.13 ppm ¥o3 NH ve 1)) naglidyana 'H-NMR ¥091y alkyl fiauaala)

g 9

R
o 4 o} f
N N
1. 3 equiv. K,COg,
DMF,05°C
— —
2. 2.5equiv. R-X
O HN Q MW 850 w, 8 min O HN Q
(75a) (76a) R=-CHj

(76b) R=-CH,CH,CHs
(76¢) R=-CH,-CH=CH,
(76d) R=-Bz

3 17 40 ﬂf] n3e1 N-alkylation U84 1,5,6,7,8, 14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]

indole-9,14-dione (75a)

Tag N-alkylation AN nitrogen atom MMy C, Y94 naphthoquinones mﬂsﬁ’aga

1 o A 1a o A < . == Pl

9 'H-NMR dyaaiwed CH, fiogaany NH 1nlaouain quartet 110 triplet 39u0n 1871

k4 1
selective N-alkylation NATURR LML RINa1 Tag hydrogen UU nitrogen atom INA hydrogen
@ . A v | Y A A

bond AU oxygen UDI naphthoquinones Nanvaztluisduvasn Tuwaen hydrogen UU

nitrogen atom U®N indole 1N hydrogen bond 11 oxygen U®N naphthoquinone BnAInile 1l
@ < { 1 = Y a

anyazurnviagy Tﬂammmamm steric effect HAZANULFADYTVINANHUSNITINAVD

Ao qud 4 A A g Yy A . Y a .
hydrogen bond amdursvamasuiiunn el inasuaawalina N-alkylation

= o ] S
NI UL YA

3 17 41 Hydrogen bonding U9 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]

indole-9,14-dione (75a)
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mInageugNEMsdudaregarnvesmsiszneununinalumy

Qd QU g’J A" A A a
3.1 ﬂ‘li‘nﬂﬁ@‘uq‘ﬂﬁfn5?]']JElQ!‘lfE)l!1JﬂTllﬁﬂmﬂ@ﬁ‘liﬂigﬂﬂﬂlluvﬁﬂﬂ'ﬂuu
) o a A o Y o s
mmgwu‘ﬁﬁumLLuWi‘nﬂﬂuuﬂmLﬂiwﬁ"lﬂmmmum‘immiWHﬂ 3unagoy

Q‘{ Q/ g}’ dy A A ad
qwﬂumwumwaummiﬂ 217%

3.1.1 Agar diffusion test

9
Ay A o

Tua3duii 19375 Disc diffusion method wanmsna il A msildashgnead
2 9 v Y
ABAUNTEAIENTEY  (paper  disc)  Fu 1 luevnsideadenldnszaede’ld  udily
4 Y

a a U [ ] -4

mzidedliiFonsydula  swnamsnadenTaemsiavaduAiIgUINaI1ues  inhibition
= < o3| A A 1 . v & dil

zone Fziiuduaelaliiilnlatiiosous unu paper disc ANVENT0 luMsdudaFous
I \.[1) an dy v 9 3 = :ﬁy Y
AIUUUIAUBY. inhibition zone 5msH lava I lsilumsasrndevgnivesansludiosdu

9 v o a Ay Y I o 1 Y
uonMnYINAveIdUrIguInavesusnalan InezitludadiuTasassnuanueansalu
@ qul dil A Y @ dgl [RY] @ 1 A
msdudurennageundd  Genvuedivilteratssznms 1wy vinaluanavesdsn
nagey anvawnsalumsazars anvasalumsunsnszae wsemssululuermis

g d,; A [ 9
QUUBDUDINITINNATOU L‘]Jumu

IBMsuazHamInaaey
= @ 4 a dlsl YA 9y 9 [ @ dy
MIBNOYNUTVDIUN INAT TuuNasImInaaeu InUANUTLTIUAING A9l
I ) . !
2000, 1000, 500, 250, 100 pg/ml az 1% DMF Wudiazane 1dmeaad paper disk urvay
=~ ] . A A A 9y A = 1A [ 3 dy
50 pl UAZIATONUNY paper disk MU DMF e ldnlTeumeuniinalumsduduse
A A A [] z ] . A 9 a 9 dy dy
nuafiersela INTUNGUAY paper disk NveAE1s Y asuuAIMTIo MIsReuYe 1.5%
{ 2 o ] Aa [
Nutrient agar NA9@1a2 Taelu 1 pad 1auAU paper disk voees 1 ¥ila lunnszaunny
Yy 9 Aq Y = P & & Aa aa .
Wudutag DMF AlmiudnSouney aniunauseuunnsonaesly Nutrient broth 100
ul 71 1% Nutrient agar 9.9 mL #sguldazatondan 55°C maslu pad Nauru paper disk
Y ) VoA a o I o [ 9 ] 4 a
uda i lduunguvgidl 37°C Wluna 24 91T asrama lagiavnaduigudnaiausno

9y
v W

. g ey A a dg‘ = o 3 dy A A a Y 1
gV (inhibition zone) NMNAVYU I@fJ‘V]ﬂ’cT’E]TJE]‘V]‘ﬁﬂ'liEJ\TENL‘]f@LL‘]Jﬂ‘I/ILiEJLLﬂﬁJTJ’Jﬂ 3 ¥UA 1dun

30



31

Y
Staphylococcus aureus, Bacillus cereus W& Micrococcus luteus waz¥euuAisounsuay 2

wiia 1A Escherichia coli wag Salmonella typhimurium léwadaanluaisia

A <y dy A gy ad . .
ATTNN 2 WANITNATDUYNIATULTDUUANLTIAIYIT Agar diffusion test

Minimum Inhibitory Concentration (MIC) (mg/ml)
Structure
B. cereus M. luteus S. aureus Salmonella E.coli
O
N
O‘ 1.0 >2.0 1.0 >2.0 >2.0
u 7
© 74y N
O H
N
O‘ . 7 1.0 1.0 2.0 >2.0 >2.0
o HN
(74b)
Oy
N
O‘ >2.0 1.0 >2.0 >2.0 >2.0
W/ OCH
2.0 2.0 2.0 >2.0 >2.0
>2.0 2.0 >2.0 >2.0 >2.0
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M15199 2 HaMINATIUYNIAFoLUATIS8A287F Disc diffusion method (#10)
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Minimum Inhibitory Concentration (MIC) (mg/ml)
Structure
B. cereus M. luteus S. aureus Salmonella E.coli
>2.0 2.0 >2.0 >2.0 >2.0
0.25 0.1 0.25 >2.0 >2.0

ajdwaminaaey
Q{ [ g dy A A a Y an .
luminageugnimsdudurenuanGsvosaisdsnounu Inad Tuna1e3F Disc
diffusion method ALY 2000, 1000, 500, 250, 100 pg/ml wunaislsznounum Inai
k4 Y
TuudmIngjizduduseuuaiiSounsuuan 1&un Staphylococcus aureus, Bacillus cereus 1102

£ Il [ :/1 di} ~ A A a 9 =
Micrococcus luteus GINVlll’ﬁﬁﬂiﬂﬂﬂﬂﬁl%ﬂllﬂﬂﬂliﬂllﬂiuaﬂ mawmimwmﬂimqﬁiwmmu

=

1 v 7 a I os/' Y [ o an v = =
WU?T@HWH‘E%@QLLHV‘IIW?]’JI‘HMVILﬂuﬁ”li@]ﬂ@]ucluﬂ'liﬁ\ﬂﬂi?%ﬁ’)\?’n‘ﬁwu‘ﬁ (74b, 74d) UOND

o o A A A [V ] AA g aa o o ' A °
msdudureunaiiseldaninnsdinturdisius (75a-b) Taenuinas (74b) a1 MIC
[ ] ° 1 g aa o o
A @13 (752) wazals (74d) UA1 MIC @11 @13 (75b) uazansndiuieddsiusudai
aan . =\ = o o’/’ dy a A d‘dd? A = =1 1] A I
U381 N-Alkylation @15 (76a) NansmsdudursuuanGenavuieneumennuasnily
an @ 4 Y . = 1 QOJQJ &’f 491 A A 1
WIFHUTET (752) 919W0a 51 1871 nitrogen atom HwasomsoengniduduForuaiize ua

1 <} a A o dyd 14 )
efm"l'iﬂmuﬁ"ﬁﬂizﬂam!,uvﬂmmTuuwummﬂﬁauuuﬂtymmummzmﬂuﬁmmzma

Y
¥ @

Y 9 Y v
97 e lueansounsnszae luueviis@euise1d dauiudedenaliar Mic 7ldds

T lFa1nunasa
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3.1.2 Broth dilution test
=% 1Y g Ay a A dY ad . . 3
MINAdaUNG luMsduduteaunsddies Broth dilution test 1umsnadoulu
v v Y Y
WalSina aunsansusanudududigavesmsiannsadudimsnigueuie  MIC
Y
(minimum inhibitory concentration) 11@9]) Tagaruddeiinmsnaaon 1y microtiter plate 96-well
Taei1M519991985NADININAABUAIY Nutrient broth LULABUNT (2-fold serial dilution)
Y Y ] Y

nminldiendesmsnadovaslunaazvqu udnh llvumme lviyensayanla s MIC

1 Y 1 A 9 1 ~ 1 dy Aa dil Y A Y
Tasganuaudeanlamie o1 ldmsunediannsatsimaniyveuie ldmelieu

1 Y d?
A ladeau

IEMsuazHamInaaon”
F4 [
171 Nutrient broth 83 1UNANQY ¥iguaz 100 ul MNTUHGUN 1 VOWAAZUDD 1A
astlsznounu Inad Tuuanududu 512 ug/ml Usmas 100 pl ndrnhimsenauuaes
[l 9 [

11 (2-fold serial dilution) Taudlavgui 11 udagana 100 ul uazlurquil 12 9z 1lddi
a = ~ A A Y1 A =% [ &’f Ay =) 1 o
azaeUTANBUNUAIINadey Mogravesdsazaleldnlgnslumsiudurenseli

a [~ Z a g
Tannrquiialsunassaudy 100 pl 9011WAN Nutrient broth ¥iguag 100 ul laziFenguaz

=

Y o gl ) ] a o I o
20 ul Tawans 1 @1 i 2 dni hduufgavad 37°C Wunat 24 s2Tus Tumsutlanams

]

~

a 12 a ; ~ =5 Yy 9 dyd 13 1
‘V]ﬂﬁ'E]“]J’HQll‘1/]13J3Jﬂ15ﬁ]5iy6]]®%‘]501lﬁﬂ1ﬂﬁﬂﬂ$ﬂﬁﬂym81ﬁ' ﬂ’J'IiJHJiJﬂIuﬂJ’ENW@iJHﬂ@’JH‘]Juﬂ1
= [ :/1 ; @ A A a Y

MIC (ug/ml) TaglumsnagevgnimsivdausenuuuaiGounsuuin 2 wia  laun

Y
Staphylococcus aureus ATCC25932 & Bacillus subtilis ATCC6633 waz¥euuAisounsuay
Y
1 wile '18un Escherichia coli ATCC10536 wagt¥031 Candida albicans ATCC90028 ‘l@nasa

uanaluasg

d' Q’QJ dy A 9 as . .
A1T19N 3 WAaNMINATDUYNTATULIBDLUANITENIYIT Broth dilution test

Minimum Inhibitory Concentration (MIC) (pg/ml)
Structure
B. subtilis S. aureus E.coli C. albicans
Oy
N
I I H 7 256 128 128 128
o HN
(74a)




= <y dy A g ax . . 1
MTNN 3 HANITNATDUYNTANUYBUUANLIYAIYID Broth dilution test (A1D)

34

Minimum Inhibitory Concentration (MIC) (pg/ml)

Structure
B. subtilis S. aureus E.coli C. albicans
O H
N
*‘I& J 256 128 256 128
o HN
(74b)
QO H
594
*H Vi OCHs >512 64 128 128
o HN
(74c)
128 128 128 64
256 128 128 128
256 128 128 128
512 128 128 64
>512 >512 >512 >512




= <y dy A g ax . . 1
MITNN 3 HANITNATDUYNTAUUFBUUANLIIAIYIT Broth dilution test (D)
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Minimum Inhibitory Concentration (MIC) (pg/ml)
Structure
B. subtilis S. aureus E.coli C. albicans
256 128 128 64
256 128 256 128
256 256 256 128

asilwamsnaaey
= [ qﬂ;} dy A A a F) ad
lumsnageugnimsdudureuvanGeuesaslsznounun Inad Tuuae7s
Broth dilution test Tagiu@unAMMdNIU 512 pg/ml wazivovauvaeu (2-fold serial
9 [l
dilution) W335 1WA MIC A§1N913F Disc diffusion method Taadulngilia1 MIC o
1 4 A v o
Tur9 64-512 pg/ml waziiioNarsananuduius InssasmanivesaislsznounumIn
a o = Y nszl § qg/’ 1 1 @ ' v o w 1 ] <
aa Tuunumseengnimsdudusonuaiseriu liuanasiuedeiiiodinny uavdalsna
ad dyw a d’ v A
Bmstdsnanuilymmsazaevesansdsznounun Inad Tuniesnndadiasanaznouas

Y Y Y
WEIU aaiua MIC vaimstsznovuun Inad Tuulumsduduzouuanisen 1@ 1ulsd

v
1T

AMNLND39
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3 4
3.2 mynageugnEA ez svesmsszneununnadluuy

S ) a { o = s <
giverhasdsenounun Tnad Tuuidunsizd ldumaaeugnidiuwaduzsa

o J a
(anticancer activity) Tagnagounuwaa 3 wila

3.2.1 NCI-H187-Small cell lung cancer
o [ 4 a a o = Y J <
WeynusvowunInaiTuu 4 wila Tagiimnaaeugndlumsdiusaanzis
a { R a
(anticancer activity) ¥HA NCI-H187-Small cell lung cancer ﬁﬂuﬂwuﬁ IAINTIULAY
ma TuTa8BI0 M@ (National Center for Genetic Engineering and Biotechnology) Fafien
< <
Ellipticine {t81¢ Doxorubicine 11l positive control 1azdl 0.5% DMSO 11u negative control LQig
1933 Resazurin Microplate Assay (REMA) lumsaamuwanmsnasdeudeldnadananalu

A
MITNN 4

A15199 4 Wamimﬁauqm%ﬁmwaﬁmL"?q NCI-H187-Small cell lung cancer

Structure IC,,(ng/ml) Structure IC,(ug/ml)
CHs
N
O‘ 29.1 42.8
Br 4
Oap) HN
Q H
N
1.4 16.8
O HN
(75a)
Ellipticine 0.441 Doxorubicine 0.061

= s a v o
mﬂwamimﬁauqméfmmaamm NCI-H187-Small cell lung cancer UBIDYWUD

uu Ina Tuune 4 wila WuNes  1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]

[

. . Aa 9 I Aan Y] a’qﬂj = ] 3
indole-9,14-dione  (75a) Ny e Inseas 1w snusiulanveawso lumsduds

J 3 aa = <3 Y Ao 10 o a
adNzIsAngalian IC, 14 pgml uazzwiulanes (74b)  wdaludiimstladdl

anvansalumsdumaduzisalddiniens (75a) Taelien 1C,, 29.1 pg/ml tazans (76a) f

= AA [ ' =~ v o J g o A ~
HAYUNUNN nitrogen atom L“]J“L!‘Vill" methyl Mﬂ’JﬁJﬁWNﬁﬂiuﬂﬁﬂ‘UﬁNL%ﬁﬁm%tiﬁﬂWﬂﬁIﬂ Tagil
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1 o 1 H o [y} [ [ Qo, 4 <

1 1C,, 42.8 pug/ml MlEnsw -NH ddurdsdainaninadeomsesngnidumadugi
dy A o 9 I aa o o = [ ) VoA

UONIINUET (75b) NTANBUL TAT IS 1uTlu19II WU Has INY methoxy THAMMUAN 5 ¥B9
. = o o J 2 o ' A

tryptamine HANUAMII0luMsdudusaduziSdiInaas (75a) Taelian IC,, 16.8 pg/ml a31)

FIR A 9 I~ ana v a =\ Q’QJ 4 <

1@ narsitlaseaaduraddsiusvesuun Inad Tuniignidusaduzis NCI-H187-

Small cell lung cancer laani1laseasrendslutlareas -NH v049 azepine Hnashliniseen

q‘f 4 S o 1 A -4 [l { [ a"'
INEAUFAANLITIAINATUANTY LAZHAYDINYUNUNDY aromatic ring NHAADNITOONYNT

Y} s g <& o = '
Gﬂlll“]fﬁﬁil&Lﬁ\‘l“]N%%VHﬂ'liﬂﬂ‘]ﬁﬂ@llﬂ

3.2.2 Easy Hep 2 cell line (human laryngeal carcinoma cells)
o v a A o k4 [ P o
weyiusvowu Inad Tuuiduaszd ldamuusumsdunsizdn 3 Tagiims
= J <

nag auqmiumi AuLEAaNLIS (anticancer activity) Easy Hep 2 cell line (human laryngeal

{ a S A a 4 a v a

carcinoma cells) 111AIH1PAFIINGT AL INOMANT VKI1INBIAeAaINT Tagd 2.0% DMF

g . = g " 27q Yo a

i1l negative control LAl 20% DMSO Sy positive control 1935 MTT Assay Tumsaani

d! 9 [ d‘
Wﬁ‘ﬂﬂﬁ@ﬂcﬁ\illﬂNﬂﬂ\mﬁﬂ\iﬁluﬁﬁNﬂ 5

{ = J <
ﬂ']ﬁ'Nﬁ 5 NaﬂWiﬂﬂﬁ@UﬂﬂﬁﬁTUL“BaaﬂﬁLﬁ\i Easy Hep 2 cell line

Structure IC, (Ug/ml) Structure IC,(Lg/ml)
Q H
N
) " 07
P
(74a) © HN
Q H
N
H Vi ocHs| 241.7 -
O HN
(74c)
Q H
N
(LX) |
G
(75a)
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{ = J <
ﬂ']ﬁ"l\?ﬁ 5 Namiﬂﬂﬁammﬁ?ﬁuwaamliQ Easy Hep 2 cell line

Structure IC, (Lg/ml) Structure IC,(Lg/ml)
o fhs
31.2 85.7
2934 29.4
71.8 81 Adriamycin 0.08+0.1

= s 3
mﬂwamsmﬁ@uqmﬁ’mmaaumq Easy Hep 2 cell line (human laryngeal
A, I a o
carcinoma cells 1081435 MTT Assay Wumsinszd laely 3-(4,5-Dimethylthiazol-2-y1)-2,5-
. . . < Y . = P
diphenyltetrazolium bromide (MTT) {Wums a5 tetrazolium salt m%zgmaullmﬂu"lﬂ@
= A I =N A ] g’ . A J o Y
aowasaaswiunanduaei luazaieii (violet formazan crystal) Tunsaliwaanivazin i
o a S a

ulailuluTanewesudoaamlddie FJeamsamdiinaveuradnsensinla Tasms
a31viadesazaty formazan crystal udniliiananuenau 540 nm (U7 42) Tagwum

4 a A o N ¥ A A A o 1 o Y

GH‘WH‘EGUENLLLW\II‘V]ﬂ’Jqu‘V]'ﬁ\?!ﬂﬁTgﬂhlﬂi‘]Jﬂ'JUﬂ15ﬂﬂﬂﬂul!ﬁﬂﬂﬂ’ﬂﬂﬂTJﬂﬁuﬂﬂﬂa131/]111(7

AN Yo A 19 o Y1 AN Yo Qg 1 a & o

wami‘ﬂﬂaam"lﬂﬂmmmammﬂaauag‘lJN Vl'lclcﬁﬂ'l IC50 ﬂhlﬂﬂqulusl%ﬂWﬂiqcﬁﬁfﬂgﬂWﬂ'ﬁ

= A ana 1
ﬁﬂy1lW@ﬁ13ﬁﬂlﬁu1gﬁuﬁ@1ﬂ
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/N\N mitochondrial
4[11("9 reductase N/NH
N ” I
S S

YN/ NéNYN
B \g\ s\%\
Tetrazolium (MTT) Formazan

=).

7U7 42 URATo ANV MTT assay
3.3.3 L929-Murine epithelium cells
o v 7 a A o N Y [ P o
MW?JHWU‘HSU’GNLLL!WIVI?I’JIWL!“V]ﬁ\‘llﬂiW%‘Hllﬂ@lTNLLNuﬂTiﬁﬂLﬂiTzﬁVI 3 Taediims
3 a 1 a { a
nageuaNnuuivdoadlnd (Cytotoxicity) 1.929-Murine epithelium cells ﬁmm%”ﬁ;a
S A a J a v a a <3 . =
¥ AuINeIEas urnIneaedaling lagll 2.0% DMF 11Ju negative control LA
3 . 27 yas N &y o
20% DMSO 1ilu positive control az 1975 MTT Assay lumsAamuramsnadouds ldnans

tanaluaisg

H 4
A15199 6 wami1/1ﬂﬁauqmmmﬁluwymmaéﬂﬂﬁ (Cytotoxicity) L929-Murine epithelium

cells
Structure IC, (Lg/ml) Structure IC,(Lg/ml)
(e}
(0] H
“ N
105.3 O‘ 24.77
O‘ H J Br 4
(74a) 4 HN (74b) O HN
QO 4 oy
N N
(] e 1500
4 OCHj a & OCHj
(749c) HN ((7)4d) HN
447.0 66.9
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1 = 3| a 1 o a
3NN 6 wamsnagougniaNudunsasiraalnd (Cytotoxicity) L929-Murine epithelium

cells (GI'E])
Structure IC, (Lg/ml) Structure IC,(Lg/ml)
113.1 604.2
293.4 157.6
133.5 81 Adriamycin 0.08+ 0.1

I a 1 Aa
mﬂwammﬂﬁaummgﬂuwmmcﬁaﬁﬂﬂm (Cytotoxicity) 1.929-Murine epithelium

a 1 1 =S d! 1 1 d’ld
cells voamstsznovuunInad Tuy wunamlngin 1C,, gedanmeanuNasmaIiy

anuiluivdeadi Taammzals 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d] azepino[4,5-5]

]
AA

indole-9,14-dione (75a) NUaNY

Yy J aa o da =y s 3
ﬂ!%Iﬂi\iﬁiNLﬂu'N'J'J‘D'Wll‘ﬁiJi]“Vl‘ﬁGﬂMl"“liﬁﬁiJ%Lﬁ\1 NCI-H187-

Small cell lung cancer g4 TagfiA1 IC,, 1.4 pg/ml taziianuiluiivaoadind (Cytotoxicity)

L929-Murine epithelium cells @1 Tagfian 1C, 447.0 pg/ml Mlndianuiraulluiaun

Taseadaaoelal




UNN 4

asilwamsnaaea

Ao dy 9 [ 4 an @ 4 a A 9
QTL!’N]‘EJ“LJLIWINfﬂEﬂﬂJﬁ\uﬂﬁ"IZﬁﬁ1§ﬂ§$ﬂ’EJ‘U’N?’J‘ﬁWM‘ﬁﬂJﬂQLLUV\IIVIﬂ’JTuu ITUAUIIN
[ 4 aa o d 1 aan
‘ﬂ’J"IllWEﬂEﬂllcl,‘Llﬂﬁﬂ\‘llﬂi?ﬁ’.ﬁﬂﬁ”l'iﬂigﬂi’]ﬂ?ﬂil?]‘ﬁwu‘ﬁﬂizmﬂ diamides N"Iuﬂ{(]ﬂﬁfﬂ
@ 4 a ] {
nucleophilic substitution Taeneneuduns1Zyia1s diamine (58) 11INMITANNY amino UnUN
chlorine Tu@uvuan 2 wag 3 voq 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b) WU
a ] . 9y o 1A o = A <3| o 4 .
TINTDANNY amine llﬂmwwwnmum 3 9nduIasudumsduns gy amino group 1N
2-chloro-5,8-dihydroxy-3-substituted-1,4-naphthoquinone  (57a-b) IAg111JA38101  sodium
a {0 A 3 o 1A 3
azide 'laassenouuun Ina3 Tuunlidumuad 2 1y amino group tazdmuan 3 1iu
9
secondary amine ué”aﬁunﬁwﬂgﬂimﬁu diethyl malonate WUIURWIZAIY amino group My
{ o aan [ 1 1 o aaa ] [ 4
NMRAT01MD diethyl malonate @9Y secondary amine MiinlfATeve luaunsadunsizd
aa o qa/’ [ 4 aa o ¢
ﬁ1§ﬂ5$ﬂ@ﬂ3\13'§fﬁWU‘ﬁﬂi$Lﬂﬂ diamides Ulg{ inﬂuuWEﬂEJ'lllﬁﬂ!ﬂi'ﬁﬂﬁ?iﬁﬁgﬂﬂﬂﬁﬂﬁ'}]‘ﬁwuﬁ
Y A a 5 5 oy >
nurasuvowun Ina Tuu (indolonaphthoquinone) TaemsUaANUUY  intramolecular
cyclization U939 2-bromo-3-(p-methoxy)phenylamino-1,4-naphthoquinone (66) Taedsms GIINC]
9 1 9 . 1 1A aaa 9 9 9 Aas dld
llﬂ!!,ﬂ f‘ﬂialclf microwave reactor W‘]J?Tullllﬂﬂﬂg]ﬂﬁfﬂ mﬂwmmmumanmi reflux Ny
v o A o I < {
mesitylene Hag pyridine WHudrihazare Taaswandaaiily reduced product Faunuh
bromine 928 hydrogen 0zApN (68) wazlfnseonlaverdensine free radical 1Ad13
a o A [ =2 ' 0o < [ J
HanA NN U reduced product IFUNU mlluﬂszﬁummﬁmﬂumimmﬁzw
. . Y as @ 1 =3 A < @ 4 aa o d
indolonaphthoquinone AYITNITAINA iN!,'IJﬁﬂu!ﬂLlﬂ'li’tff\‘llﬂ515Wﬁ1§ﬂ53ﬂ@ﬂ3\n’3ﬁwu‘ﬁ
< = a o aaa o 4 . Y o
AamasyvewunInadluy  TasmsnlfasendueyWusved  Tryptamine ndni  2-
substitutedamino-3-bromo-1,4-naphthoquinones (74b, 74d, 74e) '1¢arat01 intramolecular
. . Y . . & A . I~ @ 1 Aaaa
cyclization Tagly Heck coupling reaction 9N palladium acetate Lﬂuﬂ’lliﬂ‘ﬂgﬂ‘ifﬂ oy
= = Y Y 1 (Aaaa ax A an Y .
L‘]Ji‘EJ‘IJL“I/IfJ‘]Jﬂ"IiGlﬁﬂ'JﬁJﬁﬂullﬂﬂ;]ﬂifJ'l 2 9% A9 I5N1T reflux uazmﬂ% microwave reactor
! Y 9 . Y ) Aaaa 9 1 Y
wunmslianuionulas  microwave  reactor 1w lumsinlgnieviesniay 1
- a ' ° =t & A A
Lﬂ@il“ﬁuﬂﬂaﬂﬁ@q@ﬂﬂWﬂﬁ reflux 'LHﬁ'"ITIJﬁ%ﬂ@llﬂqwuqﬂﬂﬂﬁﬂﬂﬂﬂﬁVITQGB’JﬂWWLWﬂW"I
[ Iy 4 1 9 [ Q‘{ Q(QJ c?/l dy a9y am .
ﬂUWNﬁ'ﬂJWH‘ﬁﬁmfnﬁjﬂﬁﬂﬁi'l\‘lﬂ‘]JﬂWi@fJﬂf]‘ﬂ‘ﬁ Tﬂﬂ‘ﬂﬂﬁ@ﬂf}‘ﬂ’ﬁﬂﬂﬂ\?LGIS?)LL‘iJﬂ‘VILifJﬂ'JfJ'J‘ﬁ Disc

2 Y
diffusion method wuMensdulnaeziuduveunaiife unsuvan lAun Staphylococcus
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1 1 ] T <3
aureus, Bacillus cereus WS Micrococcus luteus A1 MIC fJEﬂWHN 0.25-2.0 mg/ml ﬂ‘c’JNUlﬁﬂ
Y 4
auasdsgnouuun Inad Tunmartazateludiazaneiidn 1dvdeenn Wlvanslu
E4 2 k4 E3
aunsounsnsznellvuesdouseld  daiudawerowud luilaymiilaeldis  Broth
. . [ a Y Ao ll ] o
dilution test WNeTUszADUUUN INAT T TriA1 MIC Nidas 9811529 64-512 pg/ml tazds
Y 9

ueaIHadUGuTeUUANISUNTNAY Escherichia coli A8 UATIAINAITANAZNOUAINILNEIU

Y v v Y Y
gatuan MiC lagalilgmnuiase uasnaaeuMIsuUsNs0I1 Candida albicans R85

9
A A v

o [ Y o 1 y = <3
Rennuil Tis MIC 0g1u%29 64-512 pg/ml uennnihirensnquilnageugnifusaduzsa
(anticancer activity) Easy Hep 2 cell line (human laryngeal carcinoma cells) 1awafannsne s uay
o a = < .
asdszneuuunInaiTuu (74b, 75a, 75b, 76a) nAdEUNTAMIATULITS (anticancer

v Y
activity) NCI-H187-Small cell lung cancer WUINA3NITIUIIIBWNUT (752) Sudusaduzisa

E4
=

wiiail laanga Inedian 1C,, 1.4 pg/ml Feanharsdszneuuun Inad Tuuneumsilaig (74b)

v
IS QJdd J

fif 1C,, 29.1 pg/ml HazANATgNENANIAITWIITRUTAMN N-methylation U&7 (76a) i

:JI o a [ a 1 4 a
IC, 428 pugml wnmimhmsdszneuuudInad Tuunaaeuanuiuiysastsading
(Cytoxicity) L929-Murine epithelium cells Taraasn1519 6 wuhasdiulugiia I1C,, ged

1 4

winedalinnuiuisdeada 1nnuITefinuiians 1,5.6,7.8,14b-hexahydro-naphtho[2,3-
dlazepino[4,5-blindole-9,14-dione (75a) ﬁqm%éfmmaﬁ Ngl%‘ﬂ NCI-H187-Small cell lung cancer
#aun vazlinnuiluivdemadin@ (Cytoxicity) L929-Murine epithelium cells #1 3if1 IC,

447.0 pg/ml M ldiamnhaul luiann Inseadade 'l



a
Unns

N1INAA1N

190D IAA8IAT04 Stuart Scientific SMP 2 melting point apparatus 1@ 'laj 14
1J/5UA1 (uncorrected) Infrared spectra (IR) Jad181n509 Perkin Elmer spectrum GX FT-IR
system Major band (v, ) nﬂuuﬂﬂiuiﬂgmu wavenumber (cm”) 'H tag "C-NMR adg

19394 Bruker AVANCE 300 spectrometer (300 MHz @151 'H-NMR uag 75 MHz d1150 "C-

NMR) Taels CDCl, udiazate uaz sy tetramethylsilane 314 internal standard

(Y] ¢
ﬂﬁﬂﬂﬁ@ﬂﬂ1u!!ﬂuﬂ1ﬁﬁﬂ!ﬂi1$ﬂ°ﬁ 1

a v d v
3%ﬂ1§ﬁﬁ!ﬂ§1$ﬁﬂ1§w1—!ﬁﬂlf’)ﬁ naphthazarin

OCH; OH ©
R

ACls, NaCl O‘
170-180 °C R

OCHs OH O
(53) (54a) R=H (55a) R=H
(54b) R=CI (55b) R=CI

11 sodium chloride (NaCl) (4.6 equiv.) 118% aluminium chloride (AICl5) (9 equiv.) 11

v
=

v 2] 09.:’ 1 a v
waamwm‘wammm 170 °C gfﬁﬁlﬂu ﬂWﬂiﬁ}UiiﬂWﬂWﬁﬂW‘ﬂf Ar INUUADYPUANDYNUTUDN

a

maleic anhydride (1 equiv.) 48 1,4-dimethoxybenzene (3 equiv.) 1A reflux ‘ﬁqmmu 175-

U

0 I ~ Qy ys =K a 9 a A a 9
180 °C Wuar 5 wn mimﬂumqmwgu‘ﬁm Wy 10% HCI NIUATAZAINYUNYUYIDN

o ) 3 [ o Ay ¥ o Y
lﬂur)a'l 12 (’.'D”JIM\‘] AMNMUUNTNASNBULDUANNINUAU u']ﬁgﬂﬂu‘ﬂllﬂll'l‘ﬂ'l soxhlet Iﬂfﬂf’]f

IS @ o v o o o
EtOAc Lﬂuﬁ?ﬂ’lﬁ%ﬁWU !léjﬁizlﬂﬁlﬁ'J‘V]'mgﬁ'lﬂ@f]ﬂﬂﬁlﬁl@?]}ﬂ?'lﬂﬂuﬁ'l
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33MIFUNTIZH 5,8-dihydroxy-1,4-naphthoquinone (55a)

OH O

OH O

v

WnWATMIFanT1eHeusiusues naphthazarin Tael¥ NaCl (2.70 g, 0.046 mol),
AICI, (12.00 g, 0.090 mol), maleic anhydride (1.38 g, 0.010 mol) ttag 1,4-dimethoxybenzene
(5.00 g, 0.030 mol) 1&ans 5,8-dihydroxy-1,4-naphthoquinone (55a) Fuvowdaduas (0.25 g,

13 %); mp 232-235 C (lit"'235-238 'C); 'H-NMR (CDCl,) § 7.05 (s, 4H), 12.31 (s, 2H)

I5msauns 131‘7 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b)

OH O
eee

Cl
OH O

v

WA MIduns1e ey WUSU0e naphthazarin 1ag1¥ NaCl (2.70 g, 0.046 mol),

AICI, (12.00 g, 0.090 mol), dichloromaleic anhydride (1.38 g, 0.010 mol) t@a¢ 1,4-dimethoxy-

benzene (5.00 g, 0.030 mol) 1&ans 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b) il
S A °© .21 °© 1

VDILUVITLUA (1.80 g, 70 %); mp 197-199 C (lit 198-199 C); H-NMR (CDC13) 0 7.32 (s, 2H),

12.30 (s, 2H)

v d
IBMITIATIEH aminonaphthoquinones

OH O OH O

Cl EtOH Cl R

—_—

98 - X Y
Cl H

OH O OH O

HoN
(55b) (57a) R=H
(56a) R=H (57b) R=0CH;
(56b) R=OCH;
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11 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (55b) (1 equiv.) MazaedY
EtOH 9 INUWANRAUTVEY aniline (56a) (2 equiv.) mudsazarwiigamgiiioutumm

v H Y
24 F1 134 NTOIALNOULVVAAANNAY ﬂzﬂ@uw"lﬁ’ﬁmwmwﬁﬂcﬁﬁw EtOH

IBMsaans wﬁ 2-chloro-5,8-dihydroxy-3-phenylamino-1,4-naphthoquinone (57a)

OH O

L0
N

OH O

Mandsmsduaei aminonaphthoquinones Tag 1y 2,3-dichloro-5,8-dihydroxy-
1,4-naphthoquinone (55b) (0.20 g, 0.77 mmol) 1u EtOH (8 mL) itag aniline (56a) (0.14 ml,
1.55 mmol) 1@ans 2-chloro-5,8-dihydroxy-3-phenylamino-1,4-naphthoquinone (57a) Wuves
udaduaq (0.2 g 82 %); mp 203-205 C (1it*205-207 'C); 'H-NMR (CDCL,) & 7.09-7.40 (m, 7H),

7.84 (brs, 1H); 11.90 (s, 1H), 12.86 (s, 1H)

IEmsdunnzy 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone

(57b)
OH O
S0V
N
OH O

Mandsmsduaei aminonaphthoquinones Tag 1y 2,3-dichloro-5,8-dihydroxy-
1,4-naphthoquinone (55b) (0.15 g, 0.58 mmol) 1u EtOH (6 mL) 418 p-anisidine (56b) (0.22 ml,
1.74 mmol) 1¢ens 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone
(57b) Huueauiiaduag (0.17 g, 78 %); mp 195-197 'C; 'H-NMR (CDCL,) & 3.84 (s, 3H), 6.89
(d, J=8.8 Hz, 2H), 7.07 (d, J= 8.8 Hz, 2H), 7.71 (d, J= 9.4 Hz, 1H), 7.30 (d, J= 9.4 Hz, 1H), 7.80
(br s, 1H), 11.90 (s, 1H), 12.90 (s, 1H); "C-NMR (CDCL)) & 55.1, 110.3, 110.4, 112.4, 113.7,

126.6, 127.3, 129.8, 131.6, 142.5, 156.9, 158.2, 158.4, 181.3, 182.2.
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U

IEmsFannzveyiusves 7,10-dihydroxybenzo[b]phenazine-6,11-dione .

Q

OH O OH O OH O
Cl R NaN3, DMFE Ij/ NH2/©/
H MW 850 w, 4 min or
Reflux 4 h., 80 °C OH O
(57a) R=H (59a) R=H (60a) R=H
(57b) R=OCH; (59b) R=OCH (60b) R=OCH;
N1

A

hasdadu (57a-b) (1 equiv.) aza1ely DMF @ua1saisazald sodium azide

{ o { < & o
(NaN,) (1.5 equiv.) Nagasluii anudouTasns reflux 7 80 °C 1ilunal 3 %2 1us anriu

0o q 3 = Ay Aa & o P o &
M ldvesnaududiguugines nsesazneuinaiuuuuaanuay 1aes (59a-b) 1w

v
f1sagaeananaale CH,CL WU CH,CL 1117179820 anh. Na,S0, 1d1i1 lilszmodani
v 4

azaweonneldnnuaudl uazi 1iuTgnFA2e column chromatography (silica gel, Hexane :

EtOAc, 4:1) 1da15 (60a-b)

o))
=)
=)
()

4
Wansdadu (57a-b) (1 equiv.) aza1eli DMF 1@ua15a15a2a18 sodium azide
v 09/ i v &
(NaN,) (1.5 equiv.) fazateluiir TanwiouTagld microwave reactor 850 Jad 1funal 4
k4
Wil wdninnanadie CH,CL 1hdu CH,CL 1 1¥uiedae anh. Na,s0, udiirlisemedn
o 9 v 9 o Y a =y .
Mazareeonnelanuaudm Llazﬂﬂﬂﬂitﬁl‘ﬁﬂﬁﬂ column chromatography (silica gel,

Hexane : EtOAc, 4:1)

IBMSFUNI wﬁ 2-amino-5,8-dihydroxy-3-phenylamino-1,4-naphthoquinone (60a)

OH 0O OH 0 OH 0
N MW 850 w, 4 min or
on o M Reflux4h.,80°C oy o OH O

(57a) (59a) (60a)



47

o))
=)}
—)
p—

W mAsmsdunsgousiusues  7,10-dihydroxybenzo[blphenazine-6,11-dione
Taels 2-chloro-5,8-dihydroxy-3-phenylamino-1,4-naphthoquinone (57a) (0.12 g, 0.38 mmol) Tu
DMF (1 mL) tag NaN, (0.037 g, 0.57 mmol) Tuii1 (0.1 mL) 183 (59a) fluvesudisduag

(0.042 g, 38 %) az a3 (60a) 1LV IAIT (0.025 g, 23 %)

o))
=)
=).
S

wanATmsdungioyiusues  7,10-dihydroxybenzo[h]phenazine-6,11-dione
Taely 2-chloro-5,8-dihydroxy-3-phenylamino-1,4-naphthoquinone (57a) (0.07 g, 0.22 mmol) Tu
DMF (0.7 mL) tag NaN; (0.030 g, 0.46 mmol) Yyt (0.1 mL) 1@a5 (59a) iHluvoandaduaq
0.025 g, 39%) uaz 143 (60a) iHuveaninivanas (0.025 g 38 %)

13 (592); mp >250 C; (lit'>300 C)' H-NMR (CDCI,) 8 7.50 (s, 2H), 8.11-8.12 (m,
2H), 8.52-8.53 (m, 2H), 12.95 (s, 2H, OH);

@13 (60a); mp 213-214 C (lit" 214-215 C); 'H-NMR (CDCL,) & 4.69 (br. S, 2H),
6.56 (br s, 1H), 6.75 (d, J=7.8 Hz, 2H), 6.99 (t, J= 7.8 Hz, 1H), 7.12 (d, J= 9.3 Hz, 1H), 7.17 (d,
J=9.3 Hz, 1H), 7.30 (t, J= 7.8 Hz, 2H), 12.14 (s, 1H), 12.51 (s, IH); "C-NMR (CDCL,) & 109.0,

109.7,117.5, 119.1, 120.9, 127.0, 128.2, 128.8, 132.9, 138.4, 155.4, 156.1, 182.0, 182.6.

IEmsdunnzy 2-amino-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone

(60b)

OH OH o
OCH;,3 NaN DMF I>/OCH3 NHj©/00H3
MW 850 w, 4 min or

Reflux 4 h., 80 °C OH O OH O

(59b) (60b)

WA msduneeusiusves  7,10-dihydroxybenzo[h]phenazine-6,11-dione
Tag 1y 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone (57b) (0.10 g,
0.29 mmol) 114 DMF (0.7 mL) 1Az NaN, (0.029 g, 0.44 mmol) 11111 (0.1 mL) 1de13 (59b) 1ilu

<= . °© 1
YDAULUIALUAT (0.08 g, 86 % yield); mp >250 C; H-NMR (CDCL) 6 4.08 (s, 1H), 7.46 (s, 2H),
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7.70 (dd, J= 2.5, 9.3 Hz, 1H), 7.74 (d, J= 2.5 Hz, 1H), 8.36 (d, J= 9.3 Hz, 1H), 12.92 (s, 1H),

13.00 (s, 1H).

o)
=)
=n.
N

[ 4

MaITmMIdaunsgronwusveq 7,10-dihydroxybenzo[b]phenazine-6,11-dione

Taelds 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone (57b) (0.075 g,
0.22 mmol) 1u DMF (0.7 mL) tag NaN, (0.021 g, 0.33 mmol) T (0.1 mL) 'Idens (60b) i
voauiadhmanad (0,017 g, 24%); mp 185-187 C; 'H-NMR (CDCL,) §3.79 (s, 3H), 4.51 (brs,
2H), 6.54 (br s, 1H), 6.77 (d, J= 9.0, 2H), 6.85 (d, J= 9.0, 1H), 7.09 (d, J= 9.6, 1H), 7.13 (d,
J=9.6 Hz, 1H), 12.20 (s, 1H), 12.45 (s, 1H); "C-NMR (CDCI,) § 54.6, 109.0, 109.6, 113.4,

120.2, 120.6, 127.1, 128.3, 130.9, 131.1, 154.5, 155.4, 155.8, 181.8, 182.5.

IEMIFUATTHOUITUE VY Ethyl 2-(1,4-dihydro-5,8-dihydroxy-1,4-dioxo-2-substituted-

Q

naphthalene-3-ylcarba- moyl)acetate (61a-b)

OH O o Ll OH O U
NH NH Ot
e e OO

pressure tube NH

0O,
OH O 130°C, 12 h OH O Q

(60a) R=H (61a) R=H R
(60b) R=OCH, (61b) R=OCH

Y
hansdadu (60a-b) WA NN diethyl malonate walvinnudoulaeld pressure tube

~ A ° 3 M R g = ay ° AN Yo q ¥ A =
‘qum‘ﬂﬂll 130 C LﬂUL3a1 12 ‘]f')IlN [VN‘IWLEJHQQQQJWQMWQQ u']ﬁ'liaga'lﬂﬂblﬂﬂ'lllﬂﬂﬁquﬁ

U

a8 column chromatography (silica gel, Hexane: EtOAc, 4:1)
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33mMITUNTIZH Ethyl 2-(1,4-dihydro-5,8-dihydroxy-1,4-dioxo-2-phenylamino-naphthalene-

3-ylcarba- moyl)acetate (61a)

WA mIdanzWeuiusues Bthyl 2-(1,4-dihydro-5,8-dihydroxy-1,4-dioxo-2-
substituted-naphthalene-3-ylcarba-moyl)acetate Tagly 2-amino-5,8-dihydroxy-3-phenylamino-
1,4-naphthoquinone (60a) (20 mg, 0.068 mmol) Tu diethyl malonate (1 mL) 1&ans (61a)
(26 mg, 92 % ); "H-NMR (CDCL,) 6 1.20 (t, J= 7.2 Hz, 3H), 3.80 (s, 2H), 4.11 (q, J= 7.2 Hz, 2H),
7.16-7.27 (m, 3H), 7.35-7.43 (m, 2H), 7.58-7.63 (m, 4H), 12.32 (s, 1H), 12.95 (s, 1H); “C-NMR
(CDCL,) 6 14.0, 33.6, 62.0, 112.1, 126.8, 127.4, 129.7, 129.8, 129.9, 130.0, 130.2, 130.5, 134.5,
143.4, 150.7, 158.4, 158.6, 167.4,178.8, 182.8

IEmsdunsIzH Ethyl 2-(2-(4-methoxyphenylamino)-1,4-dihydro-5,8-dihydroxy-1,4-dioxo-

naphthalen-3-ylcarbamoyl)acetate (61b)

OCH,

v

‘ﬁmm?’%msﬁemﬁzﬁauwuﬁmm Ethyl 2-(1,4-dihydro-5,8-dihydroxy-1,4-dioxo-2-
substituted-naph thalene-3-ylcarba- moyl)acetate Taely 2-amino-5,8-dihydroxyl-3-(p-methoxy)
phenylamino-1,4-naphthoquinone (60b) (17 mg, 0.052 mmol) Tu diethyl malonate (1 mL) 1@ens
(61b) (10 mg, 44 %); "H-NMR (CDCL,) 6 1.20 (t, J= 7.2 Hz, 3H), 3.81 (s, 2H), 3.93 (s, 3H), 4.13

(g, /= 7.2 Hz, 2H) 7.06-7.14 (m, 3H), 7.15-7.36 (m, SH), 12.35 (s, 1H), 13.00 (s, 1H)
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[ dat
mimammmmumsmmmwﬁ 2

IEmIvansIzH 1,4-naphthoquinone (15)

o)
CrO,, AcOH O‘
— =
o)
(62) (15)

11 chromium trioxide (CrO,) (3.0 g, 13 mmol) yazanelu 80% aqueous acetic acid
(4 ml) fo’c ﬂ'aamﬁumsa:mﬂ naphthalene (62) (1.6 g, 12.5 mmol) Pazanelu glacial acetic

a gy

. - o & o o A <
acid (15 ml) uagnun 10-15 C lﬂuna’] 2-3 615'3111\‘] %’]ﬂuuﬂ?uﬁ1iﬁ$a1ﬂﬂqmﬂﬁﬂ ’E)\TL‘]JU

#
' Y
nan 24 $11u9 meansazateasluiil (50 mL) anAAle CH,CL, (3 x 20 mL) HAZANAIY sat.
4
NaHCO, (2 x 20 mL) ¥h1%u CH,CI, 111 1%u# 9@ anh. Na,80, udnirlilszimediazae
panmelannudum uazﬁﬂﬁ'ﬁqm%ﬁ’w column chromatography (silica gel, Hexane:
9 . I IS A A
EtOAc, 8:1) 1&ans 1,4-naphthoquinone (15) WuvoLUIdIHADY (0.7 g, 35%); m.p. 125-126 °C;

(1it"127-128 'C); 'H-NMR (CDCL,) & 6.99 (s, 2H), 7.74-7.80 (m, 2H), 8.07-8.12 (m, 2H)

IEmIdunIzH 2,3-dibromo-2,3-dihydro-1,4-naphthoquinone (63)

0 o)
O‘ H B, AcoH Br
—

H Br
0 0
(15) (63)

ANF1TALAY bromine (Br,) 11 acetic acid (AcOH) 6.4 mL (Br, 1 mL: AcOH 33 mL)
a9 1,4-naphthoquinone (15) (0.5 g, 3.16 mmol) Maldussenmeveney Ar Tufida au
nsazaeigangieaiuna 20 i mansazareaaliniudaaznniiune 10 i
AfA%0 EtOAC (2 x 50 mL) A1adrerimanenada s BOAC wiliudade anh. Na,SO,
wdnihszimedrhazanseennieldnnudust 18a1s  2.3-dibromo-2,3-dihydro-1,4-naph-
thoquinone (63) 1uvowFsdimansdiliiiafios (0.80 g 80%); 'H NMR (CDCL) & 5.00 (s, 2H),

7.86 (dd, J=2.4, 9.3 Hz, 2H), 8.13 (dd, J=2.4, 9.3 Hz, 2H)
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I5Msauns wﬁ 2-bromo-1,4-naphthoquinone (64)

(0] (@)
Bi
= (T
—_—
gr MW850 W H
4 min
(0] (0]
(63) (64)

11 2,3-dibromo-2,3-dihydro-1,4-naphthoquinone (63) (0.5 g, 1.57 mmol) ¥1azAY
&0 EOH (2 mL) nmiusin 1 1a e Tas14 microwave reactor 850 3ad ihunan 2 17
wldidudegamgiives nsesnznounuaanuiy 18e13 2-bromo-1,4-naphthoquinone (64)
Wluveandsd@mans (0.30 g, 81%); mp 136-137 'C; 'H NMR (CDCL) & 7.53 (s, 1H), 7.79 (m,
2H), 8.09 (ddd, J= 0.9, 2.4, 9.0 Hz, 1H), 8.19 (ddd, J=0.9, 2.4, 9.0 Hz, 1H)

I5msduns 1%1‘7 2,3-dibromo-1,4-naphthoquinone (65)

0] 0]
(O e (O
—_—

H Br
0]
(64) (65)

IANAITDZA1Y bromine (Brz)“lu acetic acid (AcOH) 6.4 mL (Br, 1 mL: AcOH 33 mL)

9213 2-bromo-1,4-naphthoquinone (64) (0.75 g, 3.16 mmol) Meldussermeaveanias Ar Tun

i mumiaxmﬂﬁqquﬁﬁ’mgﬂunm 20 Wi mansazasaslniudaasnuilunal 10

17 @iAdI8 EtOAc (2 x 50 mL) a19f811ma1e9ase 19 EtOAC Wi 1iustedie anh.

Na,SO, wani lszmediazaseenmeldanududr 1dans  2,3-dibromo-1,4-naphtho-
. & S a A .24 ° 1

quinone (65) WuveIIdIHan (0.85 g, 85%); m.p. 218-220 °C (lit 219-221 C); H-NMR

(CDCI3) 6 7.79 (dd, J= 2.4, 9.0 Hz, 2H), 8.13 (dd, J= 2.4, 9.0 Hz, 2H)
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IEM3FunsIZH 2-bromo -3-(p-methoxy)phenylamino-1,4-naphthoquinone (66)

O 0]

Br EtOH Br OCH3;
—_—
98 T
Br H
(0] (0]

(65) HN (66)
(56b)

111 2,3-dibromo-1,4-naphthoquinone (65) (0.15 g, 0.47 mmol) Y1azaeale EtOH
(1mL) ﬁ]’m‘lful,(?l&l p-anisidine (56b) (0.10 g, 0.81 mmol) mumﬁazmﬂﬁqmwgﬁﬁ'mzﬂumm
24 5]?3111\1 ATOIATADULLVAAANNAY JAET  2-bromo -3-(p-methoxy)phenylamino-1,4-
naphthoquinone (66) 1TuveaTad1AL (0.145 g, 85%); m.p. 216-218 °C; 'H-NMR (CDCL,) &
3.86 (s, 3H), 6.90 (d, J= 8.7 Hz, 2H), 7.09 (d, J= 8.7 Hz, 2H), 7.67-7.83 (m, 3H), 8.12 (dd,
J=1.2,7.5 Hz, 1H), 8.21 (dd, J=1.2, 7.5 Hz, 1H)

MInenenasenasdsznen indolonaphthoquinone

Ismsnenennsgua13senou indolonaphthoquinone 1ag1% microwave irradiation

(66)

11 2-bromo -3-(p-methoxy)phenylamino-1,4-naphthoquinone (66) (0.03 g, 0.08
v k4
mmol) ¥1azaealefaraenuAna19nY 1AuA Toluene, THF, DMF (0.5 mL) 9101iu ¥
Y Y . o J I = Y v 9
AuIoU Ine 1Y microwave reactor 850 39 1IUIA1 20 YN LAITNAAIY EtOAC (15 mL) uag
4 y g} 3 o z o Y 9 9 Y o )
AWAWYUINAYIATI 1YY EtOAC NTVITGLWLLTT\‘]@'JEJ anh.NaZSO4 LLaﬁuTllﬂigLWﬂ@’JﬂTﬁgﬁTﬂ
] 4
panmelannudum uazﬁﬂﬁ'm’qmﬁ’aﬂ column chromatography (silica gel, Hexane:
1 1A Aaaa I Qs}l

EtOAc, 4:1) 9ndeyants 'H-NMR wunlinadgnser Idiluaisasdu 2-bromo-3-

(p-methoxy)phenylamino-1,4-naphthoquinone (66)
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3§mswmmuﬁ1ﬂ§jﬁ§m intramolecular cyclization TA8Ms reflux

(0]
Br OCHs OCHj
“ /©/ me5|tylene /©/
H reflux 140 °C, 24 h *
(0]
(66) (68)

11 2-bromo -3-(p-methoxy)phenylamino-1,4-naphthoquinone (66) (0.06 g, 0.1 mmol)
1aza1081eR Az a10TiR 19T (10 mL) 191 mesitylene, pyridine 101U reflux ﬁqquﬁmo
‘cilunan 24 ‘f)"lﬂuﬁ uazﬁﬂﬁ’u?q 1/1%3@91}36 column chromatography (silica gel, Hexane: EtOAc,
4:1) inﬂei’fmg,amq 'H-NMR wunldens 3-(p-methoxy)phenylamino-1,4-naphthoquinone (68)
(0.02 g, 42%); m.p. 155-157 °C; "H-NMR (CDCL,) & 3.85 (s, 3H), 6.24 (s, 1H), 6.96 (d, J=28.7
Hz, 2H), 7.22 (d, J= 8.7 Hz, 2H), 7.46 (br s, 1H), 7.67 (td, J= 1.2, 7.5 Hz, 1H), 7.77 (td, J= 1.2,
7.5 Hz, 1H), 8.11 (dd, J= 1.2, 3.0 Hz, 1H), 8.13 (dd, J=1.2, 3.0 Hz, 1H) ); "C-NMR (CDCL,) &
55.6,102.5,114.9, 124.8, 126.1, 126.4, 127.1, 130.0, 133.4, 134.9, 145.7, 157.7, 182.2, 183.7

93%1]5]?1%211 intramolecular cyclization iﬂﬂal‘lgflﬂf]ﬁ%m free radical cyclization

Br OCH, OCH;
AIBN, Busan /©/
H reflux 110 °C 24 h
(66) (68)

11 2-bromo-3-phenylamino-1,4-naphthoquinone (66) (0.08 g, 0.23 mmol) W1ALAY
fe mesitylene (10 mL) Ao ﬂqgﬁumiazma azobisisobutyronitrile (AIBN) (0.037g, 0.23 mmol)
ﬁ'azmﬂu tributyltin hydride (Bu,SnH) (0.2 mL, 0.45 mmol) mm!zu reflux ﬁqmwgﬁ 110 C
Huna 24 e szmedihazaseenmeldanudud By ELO uaz sat KF 0w

H v A A
dsazaeNguugivion 2-3 1 lue udanauendu ELO wisu ELo i lnudedis

U
4

anh. Na,80, udnhliszmedaiazaeonmelannuaudwazilduianiae column
chromatography (silica gel, Hexane: EtOAc, 4:1) mn&uauamq '"H-NMR 1da138941 2-bromo-
3-phenylamino-1,4-naphthoquinone (66) (0.01 g, 12%) I,mzhlﬂﬁ’ﬁ3-(p-methoxy)phenylamino-

1,4-naphtho quinone (68) (0.025 g, 39%)
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[ dat
fniﬂﬂﬁﬁ]ﬁﬂ]ﬁl!!ﬂuﬂ1‘§ﬁx‘i!ﬂ‘ﬂ$ﬁﬁ 3

IEmIvansIzH 5-hydroxy-2-bromo-1,4-naphthoquinone (70)

0 0
H 4 Bry, AcOH Br
—_—
2. EtOH,
H " mwesow, H
OH O 2 min OH O
(69) (70)

IANAI5AZA1Y bromine (Brz)iu acetic acid (AcOH) 0.6 mL (Br, 1 mL: AcOH 33 mL)
asluans 5-hydroxy-1,4-naphthoquinone (69) (0.05 g, 0.29 mmol) mumiazmﬂﬁqquﬁﬁ’m
Funa 20 i meldussemeuesi Ar luiiiia mansazarsashniuSaeznadiy
a1 10 1A @8AR8 EtOAC (2 x 50 mL) é’nﬁ’am’i}mmﬂqﬂ% ¥du BOAC ymiFuadne
anh. Na,SO, wdnilussmedihazaseenmeldanugud vintfudy EoH (2 mL) 11 1)
T¥nwdouTagld microwave reactor 850 a4 1iuna 2 wiit i lwdudsgungiies nied
aznoULUUaAA YAy ldans 5-hydroxy-2-bromo-1,4-naphthoquinone (70) Auve el
11809 (0.065 g, 90%);. 170-171 °C; (Iit"171-172 'C); 'H NMR (CDCL) & 7.31 (dd, J=2 4,
6.9 Hz, 1H), 7.50 (s, 1H), 7.63-7.70 (m, 2H), 11.73 (s, 1H).

IEmIvanszy 5-methoxy-2-bromo-1,4-naphthoquinone (71)

0 0
O s O
—_—

H 2. CHl u
OH O OCH; O
(70) (71)

11 5-hydroxy-2-bromo-1,4-naphthoquinone (70) (0.05 g, 0.2 mmol) 118 silver oxide

v Yoy ~

(AgO) (0.092 g 0.4 mmol) WazawAIw CH,CL (2 mL) mMoldms Ar nuasazateh
gangiveuilunar 5 i 91MTUAYN methyl iodide (CHLD) (0.05 mL, 0.8 mmol ) 1i111/1%

9 Y . v = 9 %)

Ausoulasld microwave reactor 850 3aa 1iuan 8 Wi MeldussemAny Ar n39v4
HENAI8 celite WU CH,CL liszmediiazareeonmeldannuaudwazinliusgniaae
column chromatography (silica gel, Hexane: EtOAc, 4:1) 1&ans 5-methoxy-2-bromo-1,4-
naphthoquinone (71)  1iuueandaddy (0.052 g, 98%); 'H NMR (CDCI,) § 4.01 (s, 3H), 7.31

(dd, /=2.4, 6.9 Hz, 1H), 7.45 (s, 1H), 7.63-7.70 (m, 3H)
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IEmIvanszy 5-methoxy-2,3-dibromo-1,4-naphthoquinone (72)

0 0
O‘ BT b1, ACOH O‘ Br
— =
H Br
OCH; O OCH; O
(1) (72)

IANE1T0La18 bromine (Brz)glu acetic acid (AcOH) 2.0 mL (Br, 1 mL: AcOH 33 mL)
aNT13 5-methoxy-2-bromo-1,4-naphthoquinone (71) (0.3 g, 1.13 mmol) meldussemaves
(2 A A A a9 I =} g} <
e Ar Tufiia mudsazaeiguugivouiiunar 20 Wi masazareasluiudaas
audlunan 10 WA afade EtOAc (2 x 50 mL) 1981811 ane9As e 19U EOAC w1
LHIA2 anh. Na,SO, udin llseimedrirazarsesnneldnnuaud annandiaae EioH 14
13 5-methoxy-2,3-dibromo-1,4-naphthoquinone (72) L“ﬂu"ll’eNLL%Qﬁig{}JJ (0.30 g, 77%) '"H NMR
(CDC13) 0 4.03 (s, 3H), 7.34 (d, /=7.4 Hz, 1H), 7.72 (t, J=7.4 Hz, 1H), 7.83 (dd, J=1.1, 7.4 Hz,

1H)

a [ d
IBMSFUNIIZH aminonaphthoquinone

Rs
T Q NH, | R O 'y
o — Crx
R, CH,Cl,, EtOH R, v Rs
o) MW 850 w, 4 min ] HN
(73a) Rs=H
(15) R;=R,=H (73b) R;=OCH; (74a) R;=R,=Rs=H
(65) Ry=H, R,=Br (74b) Ry=H, R,=Br, Rs=H
(72) R1=OCH3, R2=Br (74C) R1=R2=H, R3=OCH3

(74d) Ri=H, Rz=Br, R3=0CHj3
(74e) Ri=OCHjs, R,=Br, Rs=H

) @ J .
HIOUNUTVDI 1,4-naphthoqunone (15, 65, 72) (1 equiv.) 1azaeaeY CH.C],
9 v 2
NNTUANAITAZAIYWUTUDY tryptamine (73a-b) (1.2 equiv.) Wazatwlu EtOH vimiu
) . o I ) )
111 nusouTaeld microwave reactor 850 Jad Wua 4 wn 1 lszimedviazaie

a QJS)

panmeoldannuaudr waziiliuTansaie column chromatography (silica gel, Hexane:

L)

EtOAc, 4:1)
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3%1‘;&’3!@15137? 2-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (74a)

O H
N

00

o HN

MaIsmsdunser aminonaphthoquinone Taels 1,4-naphthoquinone (15) (50
mg, 0.32 mmol) Tu CH,CL, I mL uag tryptamine (73a) (61 mg, 0.38 mmol) 11 EtOH (3mL) &
@15 2-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (74a) Lﬂuﬂlmu%l{wmaum (40 mg,
40 %); mp 184-185 C; IR (CH,CL) v__: 1509, 1575, 1609, 1678, 3382, 3469 cm ; 'H-NMR
(CDCL,) & 3.16 (t, J=6.8 Hz, 2H), 3.52 (q, J=6.4 Hz, 2H), 5.80 (s, 1H), 6.03 (br s, 1H), 7.09 (s,
1H), 7.15 (td, J=0.8, 7.3 Hz, 1H), 7.23 (td, J=1.1, 7.7 Hz, 1H), 7.39 (d, /=8.0 Hz, 1H), 7.60 (td,
J=1.0, 7.6 Hz, 1H), 7.61 (d, J=8.0 Hz, 1H), 7.72 (td, J=1.2, 7.5 Hz, 1H), 8.01 (dd, J=1.0, 7.6 Hz,
1H), 8.10 (dd, J=0.8, 7.6 Hz, 1H), 8.15 (brs, 1H); “C-NMR (CDCL,) 6 24.2, 42.5,100.9, 111.5,
112.7, 118.5, 119.7,122.2, 122:5, 126.2, 126.3, 127.0,.130.5, 132.0, 133.7, 134.8, 136.5, 147.9,

181.0, 183.0; HRES-MS m/z cald for [M+H] C,,H,,N,0,: 317.1285, found: 317.1251.

IEmsvansIz 2- bromo-3-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (74b)

? H
Cox
Br 4
o HN

Mandsmsdunser aminonaphthoquinone Tag 1y 2,3-dibromo-1,4-
naphthoquinone (65) (120 mg, 0.380 mmol) Tu CH,CL, (1 mL) ttag tryptamine (73a) (73 mg,
0.456 mmol) lu  EtOH (4 mL) Tdans  2- bromo-3-(1H-indol-3-yl)ethylamino-1,4-
naphthoquinone (74b) 11118 Fad1AI(135 mg, 89 %); mp 155-156 C; IR (CH,CL) v.__: 1515,
1574, 1680, 3333, 3469 cm'; 'H-NMR (CDCL) & 3.15 (t, J=6.7 Hz, 2H), 4.22 (q, J=6.5 Hz, 2H),
7.12 (s, 1H), 7.14 (td, J=1.1, 7.4 Hz, 1H), 7.20 (td, J=1.1, 7.5 Hz, 1H), 7.36 (d, J=7.9 Hz, 1H),

7.58 (td, J=1.2, 7.4 Hz, 1H), 7.63 (d, J=8.0 Hz, 1H), 7.68 (td, J=1.2, 7.4 Hz, 1H), 7.95 (d,
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J=7.5 Hz, 1H), 8.12 (d, J=7.7 Hz, 1H), 8.18 (br s, 1H). & HRES-MS m/z cald for [M+H]

C,,H, BrN,0,: 395.0390, found: 395.0428

IEmsdunszH 2-(5-methoxy-H-indol-3-yl)ethylamino-1,4-naphthoquinone (74c)

Q H
X
y & OCHjs
0 HN

MauIsmsdaunser aminonaphthoquinone Taely 1,4-naphthoquinone (15)
(50mg, 0.316 mmol) 1 CH,CL, (0.5 mL) tta¢ 5-methoxy tryptamine (73b) (72 mg, 0.379 mmol)
TWEOH (3 mL) 1des 2-(5-methoxy-H-indol-3-yl)ethylamino-1,4-naphthoquinone (74c) ST
Vo TaFAANAT (42 me, 38 %); mp 158-160 C; IR (CHLCL) v.__: 1509, 1575, 1609, 1678,
3381, 3469 cm_l; "H-NMR (CDCL,) 6 3.12 (t, J=7.6 Hz, 2H), 3.50 (d, J=6.4 Hz, 2H) 3.86 (s, 3H),
5.81 (s, 1H), 6.05 (br's, 1H), 6.88 (dd, J=2.4, 8.8 Hz, 1H), 7.02 (d, J=2.4 Hz, 1H), 7.06 (s, 1H),
7.29 (s, 1H), 7.60 (td, J=1.3, 7.5 Hz, 1H), 7.72 (td, J=1.3, 7.5 Hz, 1H), 8.00 (dd, J=1.1, 7.7 Hz,
1H), 8.08 (br s, 1H), 8.09 (dd, J=1.0, 7.7 Hz, 1H);, “C-NMR (CDCL) & 24.2,42.5, 55.9, 100.3,
100.9, 111.8, 112.2, 112.7, 122.9, 126.2, 126.3, 127.4, 130.5, 131.6, 132.0, 133.7, 134.8, 147.9,
154.2, 181.8, 183.0.; HRES-MS m/z cald for [M+H]" C, H,,)N,0,: 347.1390, found: 347.1383

19772

IEmIvansIzH 2-bromo-3-(5-methoxy-H-indol-3-yl)ethylamino-1,4-naphthoquinone (74d)

o H
984
Br J OCHj
o HN

MandTmsdunser aminonaphthoquinone Tagly 2,3-dibromo-1,4-
naphthoquinone (65) (50 mg, 0.158 mmol) Tu CH,CI, (0.5 mL) 1tz 5-methoxy-tryptamine (73b)
(36 mg, 0.190 mmol) 1u EtOH (3 mL) 1&ans 2-bromo-3-(5-methoxy-H-indol-3-yl)ethylamino-

1,4-naphthoquinone (74d) 11w 4d4d11A3 (50 mg, 75 %); mp 155-156 'C; 'H-NMR (CDCI,) §
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3.12 (t, J=6.7 Hz, 2H), 3.87 (s, 3H), 4.21 (t, J=6.7 Hz, 2H), 6.17 (br s, 1H), 6.86 (dd, J=2.4, 8.8
Hz, 1H), 7.08 (dd, J=2.3, 11.0 Hz, 2H), 7.23 (s, 1H), 7.60 (td, J=1.3, 7.5 Hz, 1H), 7.70 (td,
J=1.4, 7.5 Hz, 1H), 7.95 (dd, J=1.1, 7.6 Hz, 1H), 7.97 (br s, 1H), 8.13 (dd, J=1.1, 7.6 Hz, 1H);

HRES-MS m/z cald for [M+H] C, H,(BrN,0,: 425.0495, found: 425.0561

3§n1'§§r’aem1zﬁ 5-methoxy-2-  bromo-3-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone

(74e)
OCH; 0
98¢
Br 4
o HN

mandsmsduasgi aminonaphthoquinone Tagly 5-methoxy-2,3-dibromo-1,4-
naphthoquinone (72) (50 mg, 0.15 mmol) Tu CH,CL, (0.5 mL) 18¢ tryptamine (73a) (40 mg,
0.250 mmol) 11 EtOH (2.0 mL) 18e13 5-methoxy-2- bromo-3-(1H-indol-3-yl)ethylamino-1,4-
naphthoquinone (74e) uvewdaduas (35 mg, 53 %); mp 152-153 OC; 'H-NMR (CDCL) &
3.15 (t, J=6.6 Hz, 2H), 3.98 (s, 3H), 4.21 (t, J=6.5 Hz, 2H), 6.34 (br s, 1H), 7.10-7.18 (m, 3H),
7.21 (td, J=1.2, 7.5 Hz, 1H), 7.37 (d, /=8.0 Hz, 1H), 7.62 (d, J=7.7 Hz, 1H), 7.63 (t, J= 8.0 Hz,
1H), 7.82 (dd, J=0.9, 7.6 Hz, 1H), 7.61 (br s, 1H). HRES-MS m/z cald for [M+H]" C,H BrN,O,:

425.0495, found:425.0460

a v d
BMITIATIZTH heterocyclic naphthoquinone

R, O R, O
1 H 0.1 equiv. Pd(OAC), 1 H
0.2 equiv. P(Ph), N
CO S (0
Br & R2 MW 850 w, 6 min, DMF or =
o) HN Reflux 6 h., 110 °C, DMF O HN
R
(74b) Ri=H, Ry=H (75a) Ri=R,=H
(74d) R1=H, R2=OCH3 (75b) R1=H, R2=OCH3

(74e) Ry=OCHs, R,=H (75¢) R1=OCHs, R,=H
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o))
=)}
—)
p—

11 aminonaphthoquinone (1 equiv), palladium acetate (Pd(OAc),) (0.10 equiv)
triphenylphosphine (P(Ph),) (0.2 equiv) 48 potassium carbonate (K,CO,) (3 equiv) U1azaey
fe dry DMF (4 mL) Meldussememney Ar mm‘fu“lﬁ’mm%’aui@ai%’ microwave reactor
850 Jad 1Wual 6 Wi udranadie Et0Ac (15 mL) mnﬁué’né’fm{mmmﬂ% e
EtOAc 3 1#uksd8 anhNa S0, udnilszmedaniazaeanmeldanudud nazih

Iﬁu§q NFAY column chromatography (silica gel, Hexane: EtOAc, 4:1)

o))
=)}
=).
S

17 aminonaphthoquinone (1 equiv), palladium acetate (Pd(OAc),) (0.10 equiv)
triphenylphosphine (P(Ph),) (0.2 equiv) 8% potassium carbonate (K,CO,) (3 equiv) U1azay
@18 dry DMF (4 mL) 78ldussenmanig Ar nniulauouTag reflux ‘ﬁqmwgﬁ 110°C
dunan 360 Wi udrafadie EtOAc (15 mL) mxé’wé’am‘immmmﬁzq Y9 Et0Ae 1191
1uadae anh.Na,S0, i1 lszimesariazaeseenmeldnnmdud uazilduSqniaae

column chromatography (silica gel, Hexane: EtOAc, 4:1)

IEMITUATILY  1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione

(75a)
QH
Crx
G
/N1

MauIsmsdaunser heterocyclic naphthoquinone Taely 2- bromo-3-(1H-indol-
3-yl) ethylamino-1,4-naphthoquinone (74b) (46 mg, 0.12 mmol), Pd(OAc), (3 mg, 0.012 mmol),
P(Ph), (7 mg, 0.024 mmol) ttag K,CO, (48 mg, 0.35 mmol) 11 DMF (4ml) |Jlé]}?{ﬁ1,5,6,7,8,14b-
hexahydro-naphtho [2,3-d]-azepino[4,5-b]indole-9,14-dione (75a) Lﬂﬂﬂlﬂ%t%ﬂ?ﬁi}ﬁu (35 mg,
94%)
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)
=)
—)
N

Mandsmsdunser heterocyclic naphthoquinone Tagldy 2- bromo-3-(1H-indol-
3-yl) ethylamino-1,4-naphthoquinone (74b) (46 mg, 0.12 mmol), Pd(OAc), (3 mg, 0.012 mmol),
P(Ph), (7 mg, 0.024 mmol) ttag K,CO, (48 mg, 0.35 mmol) 111 DMF (4 ml) lJlﬁ?ljt’ﬂ'i1,5,6,7,8,l4b-
hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione(75a) Lﬂummu%aﬁf}}wﬁu (12 mg,
34%); mp 218-219 C; IR (CH,CL) v,_: 1519, 1566, 1599, 1630, 1668, 3347 cm ; 'H-NMR
(CDCL,) & 3.16 (t, J=4.5 Hz, 2H), 3.65 (q, J=4.5 Hz, 2H), 7.00 (td, J=1.0, 7.5 Hz, 1H), 7.10 (td,
J=1.0, 7.5 Hz, 1H), 7.13 (br s, 1H), 7.31 (d, J=8.0 Hz, 1H), 7.40 (d, /=8.0 Hz, 1H), 7.50 (td,
J=1.2, 7.5 Hz, 1H), 7.62 (td, J=1.2, 7.5 Hz, 1H), 7.91 (dd, J=1.0, 7.5 Hz, 1H), 8.05 (dd, J=1.0,
7.5 Hz, 1H), 11.46 (br s, 1H); “C-NMR (CDCL,) & 26.4, 44.1, 105.0, 110.1, 114.4, 116.6, 118.2,
121.5, 125.0, 125.7, 126.2, 128.7, 128.8, 131.4, 133.1, 133.9, 134.5, 143.6, 180.1, 183.6; HRES-
MS m/z cald for [M+H] C, H,.N,O,: 315.1128, found: 315.1032.
3§n1'§§r’ams1zﬁ 4-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-

9,14-dione (75b)
(@)

(0
O HN
OCHj5

MauIsmsdaunser heterocyclic naphthoquinone Taely 2-bromo-3-(5-methoxy-

)
=)
=).
p—

H-indol-3-yl)ethylamino-1,4-naphthoquinone (74d) (45 mg, 0.11 mmol), Pd(OAc), (3 mg, 0.012
mmol), P(Ph), (6 mg, 0.022 mmol) 48z K,CO, (45 mg, 0.35 mmol) 1y DMF (4 rnl)ul@a]}ﬁﬁ 4-
Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione  (75b) L‘]dJ‘Ll

v
YIUTITUUIU (27 mg, 72%)

)
=)
=h.
N

Mandsmsdunser heterocyclic naphthoquinone Tagly 2-bromo-3-(5-methoxy-
H-indol-3-yl)ethylamino-1,4-naphthoquinone (74d) (45 mg, 0.11 mmol), Pd(OAc), (3 mg, 0.012

mmol), P(Ph), (6 mg, 0.022 mmol) 18 K,CO, (45 mg, 0.35 mmol) 114 DMF (4 ml) Idens
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4-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (75b) udJu
mmuﬁq?{ifu?u (6.7 mg, 18%); mp 216-217 C; IR (CH,.CL) v, : 1513, 1566, 1598, 1630, 1666,
3346 cm_]; 'H-NMR (CDCL,) O 3.24 (t, J=4.5 Hz, 2H), 3.78 (q, J=4.6 Hz, 2H), 3.89 (s, 3H), 6.87
(dd, J=2.4, 8.7 Hz, 1H), 6.93 (d, J=2.2 Hz, 1H), 7.23 (br s, 1H), 7.32 (d, J=8.7 Hz, 1H), 7.62 (td,
J=1.2, 7.5 Hz, 1H), 7.74 (td, J=1.2, 7.5 Hz, 1H), 8.03 (dd, J=1.1, 7.6 Hz, 1H), 8.16 (dd, J=1.1,
7.7 Hz, 1H), 11.49 (br s, 1H); "C-NMR (CDCL,) & 27.5, 45.1, 55.9, 99.2, 106.1, 111.9, 113.0,
115.1, 126.0, 126.7, 127.5, 129.8, 130.4, 130.9, 132.4, 134.1, 134.9, 144.5, 154.0, 181.1, 184.6;

HRES-MS m/z cald for [M+H] C, H,N,O,: 345.1234, found: 345.1204

IEMIFUnI 1H 13-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-

9,14-dione (75¢)
OCH, O

(L
OHN

o. A & s . .
MANITMTTUATIEN heterocyclic naphthoquinone Tagly 5-methoxy-2- bromo-3-

H
N

o))
=)}
=).
—

(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (75¢) (50 mg, 0.12 mmol), Pd(OAc), (3 mg,
0.012 mmol), P(Ph), (7 mg, 0.024 mmol) ttag K,CO, (48 mg, 0.35 mmol) 1y DMF (4 mL)Vl@S])ﬁﬁ
13-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (75¢) i

YUTIHUIN (20 mg, 49%)

)
=)
=h.
N

MauIsmsdunser heterocyclic naphthoquinone Taely 5-methoxy-2- bromo-3-
(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (74e) (50 mg, 0.12 mmol), Pd(OAc), (3 mg,
0.012 mmol), P(Ph), (7 mg, 0.024 mmol) t1a K,CO, (48 mg, 0.35 mmol) 11 DMF (4 ml) ldens
13-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (75b) ﬁJu
voaufedigy (6 mg, 17 %); mp 233-235 C; 'H-NMR (CDCL,) & 3.27 (t, J=4.5 Hz, 2H),
3.78 (q, J/=4.8 Hz, 2H), 4.02 (s, 3H), 7.09 (td, J=0.9, 7.4 Hz, 1H), 7.15-7.21 (m, 2H), 7.38 (br s,
1H), 7.41 (d, J=8.0 Hz, 1H), 7.50 (d, J=7.9 Hz, 1H), 7.68 (t, J=8.1 Hz, 1H), 7.87 (dd, J=1.0, 7.7
Hz, 1H), 11.56 (s, 1H); "C-NMR (CDCI,) § 27.3, 45.1, 56.5, 104.7, 111.1, 114.5, 116.1, 117.5,
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119.1, 119.5, 122.2, 127.2, 129.6, 135.2, 136.1, 136.6, 145.9, 159.7, 179.4, 183.9; HRES-MS m/z

cald for [M+H]" C,,H,.N,O,: 345.1234, found: 345.1213

3§m'§ﬁ1ﬂ§]ﬁ§m N-Alkylaion Y99 Heterocyclic Naphthoquinone

Q@ y R
N N
1. 3 equiv. K,COs,
0 e OO
— —_—
2. 2.5equiv. R-X
O HN Q MW 850 w, 8 min O HN Q
(76a) R=-CH
(75a) (76b) R=-CH,CH,CHj
(76¢) R=-CH,-CH=CH,
(76d) R=-Bz

1 1,5,6,7,8,1 4b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione  (75a)
(1 equiv) 481g potassium carbonate (K,CO,) (2.5 equiv) Mazaedy dry DMF (4 mL) mald
VIINMARMT Ar Muensazatefigungd 0-5 ¢ iflunan 30 wii MntuAus Alkyl halide
(3 equiv) uazlianudoulaeld microwave reactor 850 ’QJJG]GT nd]unm 8 U v‘iﬂﬁ'gﬁuﬁq

paAlReud1 (15 ml) afagig EtOAc (2 x 10 ml) 119U EtOAc wyiiliiiade

Q Y

Y a )

anh.Na,80, tdhliszmeaihazaeeennoldanuaud tazilduTaniae column

q

chromatography (silica gel, Hexane: EtOAc, 4:1)

IBMsaans wﬁ 1,5,6,7,8,14b-hexahydro-naphtho|2,3-d]-N-methyl-azepino[4,5-b]indole-

9,14-dione (76a)

MaIsmMs ‘ﬁﬂJf]ﬁ?Eﬂ N-Alkylaion U89 heterocyclic naphthoquinone Tagly
1,5,6,7,8,14b hexahydro-naphtho[2,3-d]-azepino[4,5-blindole-9,14-dione (75a) (45 mg, 0.14
mmol) 1ag K,CO, (48 mg, 0.35 mmol) 11 DMF (4 ml) 149 methyl iodide (0.03mL, 0.43 mmol)
1dans 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-methyl-azepino[4,5-b]indole-9,14-dione (76a)

Wuveandsd®iitu (@5 mg, 96%); mp 218-219 C; IR (CH,CL) v._: 1542, 1595, 1634, 1664,
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3379 cm'; 'H-NMR (CDCL,) 8 3.16 (t, J=4.9 Hz, 2H), 3.27 (t, J=4.9 Hz, 2H), 3.29 (s, 3H), 7.03
(td, J=1.0, 7.4 Hz, 1H), 7.15 (td, J=1.0, 7.4 Hz, 1H), 7.33 (d, J=8.0 Hz, 1H), 7.49 (d, J=8.0 Hz,
1H), 7.56 (td, J=1.5, 7.5 Hz, 1H), 7.62 (td, J=1.5, 7.5 Hz, 1H), 7.92 (dd, J=1.3, 7.5 Hz, 1H), 8.07
(dd, J=1.3, 7.5 Hz, 1H), 11.32 (br s, 1H).; "C-NMR (CDCL,) & 24.3, 42.3, 53.2, 110.0, 112.7,
116.2, 117.6, 118.3, 122.2, 124.9, 125.4, 126.6, 128.9, 130.5, 131.8, 132.3, 132.8, 134.6, 149.7,

181.8, 185.5; HRES-MS m/z cald for [M+H] C,,H,,N,0,: 329.1285, found: 329.1247

Ismsduns wﬁ 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-pyopyl-azepino[4,5-b]indole-

9,14-dione (75b)

v‘imm?’%maﬁwﬂﬁﬁ?m N-Alkylaion U8 heterocyclic naphthoquinone Taolss
1,5,6,7,8,14b hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (75a) (45 mg, 0.14
mmol), K,CO, (48 mg, 0.35 mmol) 11 DMF (4 ml) uay propyl bromide (0.04mL, 0.43 mmol)
1&ans 1,5,6,7,8,14b-hexahydro-naphtho(2,3-d]-N-pyopyl-azepino[4,5-b]indole-9,14-dione (76b)
FuvoaudadiinGu (17me, 36%); mp 151-153 'C; 'H-NMR (CDCL,) & 0.97 (t, J=7.4 Hz, 3H),
1.84-1.92 (m, 2H), 3.25 (t, J=4.8 Hz, 2H), 3.43 (t, J=4.8 Hz, 2H), 3.56 (t, J=7.7 Hz, 2H), 7.11 (4,
J=7.6 Hz, 1H), 7.23 (t, J=7.6 Hz, 1H), 7.42 (d, J=8.1 Hz, 1H), 7.57 (d, J=7.9 Hz, 1H), 7.65 (td,
J=1.5, 7.4 Hz, 1H), 7.71 (td, J=1.5, 7.5 Hz, 1H), 8.00 (dd, J=1.3, 7.4 Hz, 1H), 8.15 (dd, J=1.2,
7.6 Hz, 1H), 11.34 (br s, 1H); "C-NMR (CDCL,) § 11.4, 22.3, 25.9, 52.0, 56.9, 111.0, 113.6,
117.0, 118.5, 119.2, 123.2, 125.8, 126.3, 127.7, 130.1, 131.7, 132.8, 133.3, 133.8, 135.6, 151.5,
183.2, 186.5; HRES-MS m/z cald for [M+H]" C,H, N,O,: 357.1598, found: 357.1586
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IEMIFunzH 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-allyl -azepino[4,5-blindole-9,14-

dione (76¢)

MAWATMS ﬁwﬂﬁﬁ?m N-Alkylaion U®3 heterocyclic naphthoquinone Taoly
1,5,6,7,8,14b hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (75a) (45 mg, 0.14
mmol), K,CO, (48 mg, 0.35 mmol) 11 DMF (4 ml) 118 allyl bromide (0.04mL, 0.43 mmol) 14
13 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-allyl-azepino[4,5-b]indole-9,14-dione (76¢) il
Vo wTIFITY (20 me, 50%); 'HNMR (CDCL) § 3.23 (t, J=4.7 Hz, 2H), 3.38 (t, J=4.7 Hz,
2H), 4.13 (d, J=5.9 Hz, 2H), 5.34 (d, J=3.7 Hz, 1H), 5.38(s, 1H), 6.23-6.36(m, 1H), 7.14 (4,
J=7.4 Hz, 1H), 7.27 (t,J=7.4 Hz, 1H), 7.44 (d, J=8.1 Hz, 1H), 7.60 (d, J=7.9 Hz, 1H), 7.66 (td,
J=1.4, 7.4 Hz, 1H), 7.72 (id, J=1.5,-7.5 Hz, 1H), 8.02 (dd, J=1.4, 7.4 Hz, 1H), 8.18 (dd, J=1.3,
7.4 Hz, 1H), 11.37 (br s, 1H); HRES-MS m/z cald for [M+H]" C,H,(\N,0,:355.1441, found:

355.1436

I3MITUATILY 1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-benzyl-azepino[4,5-b]indole-

9,14-dione (76d)

ﬁ?ﬁWﬂ%%ﬂﬁﬁ”lﬂjj n3en N-Alkylaion U89 heterocyclic naphthoquinone Taely
1,5,6,7,8,14b hexahydro-naphtho[2,3-d]-azepino[4,5-blindole-9,14-dione (75a) (45 mg, 0.14
mmol), K,CO, (48 mg, 0.35 mmol) 1y DMF (4 ml) 14912 benzyl chloride (0.05mL, 0.43 mmol) &

©191,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-N-benzyl-azepino[4,5-b]indole-9,14-dione (76d)
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Fuvoandadiingy 25me, 43%): mp 170171 C: 'H-NMR (CDCL,) & 3.17 (t, J=4.9 Hz, 2H),
3.38 (t, J=4.8 Hz, 2H), 4.85 (s, 2H), 7.12 (td, J=0.8, 7.4 Hz, 1H), 7.23-7.41(m, 6H), 7.4 (d,
J=8.1 Hz, 1H), 7.56 (d, J=7.7 Hz, 1H), 7.64 (td, J=1.4, 7.4 Hz, 1H), 7.71 (td, J=1.4, 7.5 Hz, 1H),
7.97 (dd, J=12, 7.5 Hz, 1H), 8.1 7 (dd, J=1.1, 7.6 Hz, 1H), 11.36 (br s, 1H); "C-NMR (CDCL,) &
25.4, 50.9, 58.4, 111.1, 111.2, 115.6, 118.0, 118.8, 119.3, 123.5, 126.1, 1263, 126.4, 127.4,
127.7, 128.1, 128.6, ); HRES-MS m/z cald for [M+H]' C, H, N,0,: 405.1598, found: 405.1587
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LIST OF ABBREVIATIONS

anh. anhydrous

AIBN azobisisobutyronitrile

Ar argon gas

CH,CI, dichloromethane

“CNMR carbon 13 nuclear magnetic resonance spectroscopy
d doublet (NMR spectroscopy)

dd doublet of doublets (NMR spectroscopy)
DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EtOH ethanol

EtOAc ethyl acetate

equiv equivalent

g gram

h hour

'HNMR proton nuclear magnetic resonance spectroscopy
HR-MS high resolution mass spectrometry

Hz Hertz

IC,, inhibitory constant

K,CO, potassium carbonate

MIC minimum inhibitory concentration

Me methyl group

mg milligram

uL microlitre

mL milliliter

mmol millimole

min minute

MW microwave irradiation

m/z mass to charge ratio (mass spectrometry)

Pd(OAc), palladium acetate



r.t.

sat.

THF

TLC

room temperature

singlet (NMR spectroscopy)
saturated

triplet (NMR spectroscopy)
tetrahydrofuran

thin layer chromatography
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