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Abstract:

The synthesis of the medicinal heterocyclic compounds using microwave irradiation was
studied of the heterocyclic naphthoquinones, which were divided into 2 parts. The first
part was concentrated of the synthesis of the heterocyclic naphthoquinones fused with
5-7 membered rings and the second part was concentrated of the synthesis of the
heterocyclic naphthoquinones fused with 3-4 membered rings. Firstly, various natural
occurring naphthoquinones were prepared and used as starting materials. For the first
part, nuclephilic substitution of the quinone rings with 1° and 2° amines using
microwave irradiation gave the corresponding aminonaphthoquinone in high vyields.
Intramocular cyclisation of aminonaphthoquinones using microwave irradiation also
afford the heterocyclic 6- and 7-membered rings. For the second part, the 3-membered
ring naphthoquinones were synthesised using epoxidation reaction. A selected number
of novel heterocyclic compounds were evaluated for their antimicrobial activities. Most

of the tested compounds showed weak antifungal activity against the fungal strain
Candida albicans and all strains of bacteria at the maximum concentration (64 Llg/mL).
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Scheme 3 #19LA3aNdR95U9zNAU 5-methoxy-1,4-naphthoquinine (10)

minlaians 8 Nldunmadunyiuia laovdjisennu morpholine waz
formaldehyde 1% Mannich reaction legswaanms 11 ewdrnriyfisenlalasd
T (hydrogenation) @18 Hy/Pd axld wijlwfiafiduniefl 2 289 1-hydroxy-5-
methoxynaphthalene adugasluans 12 TudSum 67% yield Wakas 12 a1y §izen
a e g , v @ 6 [ a Aa [l P 1 a
aandlatudiy Fremy's salt azldaunutvaswanuniundnywiiannylaasanda (13)

80% yield” " (Scheme 4)



OH OH
OH HN/\
/CHO

o N H,/Pd CHs
O 2 0 M O

OMe OMe OMe
8 11 12
Fremy's salt
O
Iy
OMe O
13
Scheme 4

gt 5,8-dihydroxy-1,4-naphthoquinone (naphthazarin) (16) gnsngann e
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wAtlA spectroscopy laany 2 TUsmais doublet #i Uszanny 6.35 uaz 7.00 ppm U84

Tlsmaunung pyrrole wananddanudnioyiniaes 2 ldspauntszunnd 7.20 ppm 299

TU9mauunag quinone
e 0
N
H
e

tﬂl v ‘g: v 13 o aaa 1 a Q 1 1 a a 1 ‘ﬂl
L&Jalmmi@m@mﬂums 13 Yﬂ'].]g:]ﬂi&l’]l,"li%l,(ﬂU’]ﬂ%W‘]J’NVL&ILﬂ@]ﬂ’ﬁﬂG]’N LeLd

Scheme 11

{ g e a 04 a J
Wasu conditions LT reflux u pressure tube Jwan 2 3 Jasedensiiiedulu

=) v 1 v { U & = { 1
USunmasuin lagaiainlassainsuadzin kot duwaduzadluans 23 1ihadann H-NMR
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spectrum V23817 23 Wuﬁmmvﬂmsinglet maamﬂﬂmauﬁ 2.05 ppm mamy;mﬁa
WAL DY singlet yosmulisnendl 3.97 ppm 28IN4 methoxy wanINHSINUFL
1t multiplet a3 H, e H; ﬁlﬁ‘nm 5.99-6.08 ppm LLRE é’mtyﬁmmad multiplet U243 H,
ﬁlﬁnm 6.53 ppm ez é’mtyﬁmmaa 1 1us@aw doublet of doublet “71' 6.64 ppm (J=
3.9, 1.5 Hz) uaz 53U aosg e 3 lusnauwairsazlsun@n (Scheme 12)

o B n
CHs N Ha
o O
— >
Hs

OMe O OMe OH H,4
13 23

Scheme 12

o aaa [ A

pndleldmraudu 6 muFATeuswdsiuiuiude  lasugaselu
pressure tube 1Hwa 4 3w wuidamsauasfedululSunalinn lesdanZaufioy
1H-NMR spectrum U3 23 Wuiiefiuandaiu fe ssauasiifiqmyio singlet 7
1.66 ppm mawgmﬁa ROWQ10sUaY doublet 2 Ny Aui 3.36 uaz 3.49 ppm (J= 16.23
Hz uaz 16.94 @1us1aL) uanmnﬁﬂhwué’mmﬂm multiplet 189 2 l15aaudi 6.00-6.05
ppm WA ROAQIDE multiplet WD 1 Tilsaandl 6.67-6.69 ppm uanmnﬁ?mﬂué'mzy"nmmaa
Tsaeu 4 @1 uwieslsan@nuas Fuanms broad singlet 7i 8.24 ppm lapanadin
Tassafrovasasauasd iaduasugaslums 25 Sounazifiarn intermediate 24 F9nans
AU &7 23 uda3 23 Wy methoxy 113zt stabilize luanalwiafioslanaiiaiuse
lalavaurvliinausaswylansenda  ud intermediate 24 lfisnanInaineiius:

lalaviauriuny methoxy 1é341ian3 rearrange léiuans 25 lud3anm 4%

(0] CH, (@]
(LA .
(OH e} =
24 25

Scheme 13
Wat 16b avUAsenny aniline w3 p-anisidine lagninssszaoiduam

< a & { (Y a
16 TQI&N ﬁ]Zﬁ(ﬂzﬂﬂuaLL@\‘iLﬂ@]Tu Lﬁﬂ“f\’]ﬂ’]ﬁﬂiﬂd@l:ﬂauﬁlzvl@a’]‘i 26a LAz 26b 1%1J53J’]m

82 LAz 78% GNNAIAU
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OH O OH O

Crr = ) 3
~ R
Cl NH, N

R H
OH O | \ OH O
/R 26aR=H
26b R = OCHs

Scheme 14

1Walaay 26a waz 26b Wa2 nmIwsngNvdAanstalasnsitanuTan
A Y 1AaAaAa 1 a . [l o < a [ €d‘ val
vio lTUJASenrueuyadasz (free radical) Litszauanudnia arsnAadmsinlad

a £ o A ' o
TivaaulNudn 1 @9 mmmwaﬂmﬁmﬁq@"l,ﬂ 1eniluans 27a-b

N
oH o M oH o ™
26a-b 27

Scheme 15

OH O

H o~
\_IR

N

oH o M
27aR =H
27b R = OCHs

wdLiiaLdn NaN, i reflux 1wan 3 $2lus 1 DMF wuinilasnauduasfiuds
ansasugnaznanuaiiugusasasazansly udwhnmsamasaulasiainivesaznas
e wudrdwanllsaauuwisazlsun@nes aniine uaz p-anisidine wg'ld 1 62 lag
1H-NMR spectrum 289 28a fianuauunas laswunguaassmpmliinousdimam 2
ldsaaw $1uu 4 naw GAh NN 2 11/5mauuuI9 napthoquinone Waz an 2 NYNUDY
2 lsaauunisazlsundn uaasdsnstadaiuans 28a a1 1H-NMR spectrum 284 28b
ARNENL 28a @mﬁumaﬁmmaummmﬂ"l,ﬂ%aﬁﬂﬁmjmaﬂﬂmamﬁwmu 2 Tdsman
MNaananniL

saugsazaneinly Weathanasasslensslsiimn LLﬁ?ﬁ’]U%Eg‘ﬂ%g WURTA T

Uy broad singlet T4 1H-NMR spectrums ﬂjadmg NH, ‘ﬁl 4.69 ppm W8z broad single
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2809 NH 91 6.56 ppm wananigswuampimvadllsnanuwisezlsandn s1wiw 6
lusaan uaz ganusm I mlliaausad —OH $1wam 2 Ny 7 12.14 uaz 12.50 ppm

OH O OH O OH O
OO0 = OG- - 13
—R ——R R
N DMF NS NF N x
oH o H OH O OH O
26a-b 28a-b 29a-b
Scheme 16

Wanaaadina1s 29a war 29b WYMUJATENNAL diethyl malonate lugnnae
Unenaarazais laavid §isenlu pressure tube WudNLaWz primary amine Lyinu
A o aaa o . 1 . 1o aaa A
‘nmﬂgmmﬂu diethyl malonate ®&3% secondary amine Vl,umﬂgﬂimmaaﬁnﬂmm
tnzng mMavhd§isenlusnziualdaansarild Wesanwsesluvidfisenny —cH,
289 malonate AaWNITNNAILUIABUVDI secondary amine AIBUTITABIRIRNNIEN

wazgNNarinMstaladuanstsznaursidswusnanlasaly

O~__OEt
o)
OH O O O OH O
NH NH
~ 3 EtOMOEt Z
R Uk
N N
oH o N o o H
29a-b 30a-b
Scheme 17

A [

3.3.3 N138319293 I 5Nus NABWIALEN 3-4 waew uas Ujnsenlalasdds
1 plumbagin imIFIAMzRdIEM AN TaINL (protecting group)

hydroxyl group @396NUL#WIN 5 Va9 plumbagin L&uNak
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O O

CHj CHj
Ly — O

OH O OR O
31 13 R=CH,

PR

33 R = COCHs

Scheme 18 N3LANUYTIBITUIBINANLNAY

A A

Iﬂﬂﬁ%lmaaﬂml"ﬁ protect fa methyl, allyl, acetyl MIRIATEHITARLNY D
339NN plumbagin M¥NUGATENULURIFREK USIIILAY protecting group T3
RILATIEHR methoxy-2-methyl-1,4-naphthoquinone %38 WANLAK (31) 923NN WAL

A ° aaa [ . ' o Aa . 10 [
YN &n“mllg]ﬂ‘itl’mll potassium carbonate AauualT A dimethyl sulphate azla
§1IRANBLEY 13 (57.69 %yield) nasanUiseumilantduudilfawannsls dimethyl
sulphate i) allyl bromide wnuazle 5-allyloxy-2-methyl-1,4-naphthoquinone (32) (37.04
%yield) &1N13 protect @‘T’Jmﬁ%i acetyl i3zl pyridine AU acetic anhydride Wuin'le 5-
Acetyloxy-2-methyl-1,4-naphthoquinone(33) 62.23 %yield

& o o ¢ . d' a Y 04 1 ¥ o ¥

INURINARNUDVEY plumbagin NiANTaINkEY gldumimnaaudalassairnss

& o A v & . A a =2 A
msuaudunisf 2,3 lAidure epoxide nfasiimsansaansalduandsznay
epoxide lalasld H,0, ualwinuidsoassfiazld sodium perborate LlasanaIunTaLaIow

U aAaa Ui 11 1 v a v =)
Vlmml,mzﬂ'mﬂuﬂgmmvl,@ﬁ W lenaNAaaNdaInsLazilaSiTuNaNAA
' @ d o L% . 12
faudnsdlaifisununsla hydrogen peroxide

O 0
CH; 1) NaBOs.4H,0

O™ 288 o e
e O

2) H,SO,
OR O OR O
31 R=H 34 R=H
13 R=CH; 35 R=CH,
32 R =CH,CHCH, 36 R =CH,CHCH,

Scheme 19 N15LATaINA17L2NAY epoxide
A o s 6 . o . V% & 1
WarhmIguaMziansisznay epoxide auiuiued plumbagin lduss Tudalyl
WMIfATzieyWutuad  naphthoquinone  @IAUGI  WWLWFUATIRE  5-
, x4, . A y
hydroxy-1,4-naphthoquinone 2% tNasuwUIoLABLAY plumbagin tada1nlassaind

PBIENT 2 MAANINUNIN ANAUATINY methyl NARUIN 2 LYINTBLES
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O

OH O
37; 5-Hydroxy-1,4-naphthoquinone
gﬂ‘ﬁ 1 5-Hydroxy-1,4-naphthoquinone
339N 1,56-dihydroxynaphthalene #1113 protect #4 hydroxy ﬁﬁd%%iﬁ’m acetyl
group ﬁnﬂ‘lfuﬁ’m’ri oxidize ®1INUNLLAY 38 G2 fremy’s salf Azl 5-hydroxy-1,4-
naphthoquinone (37) LAINENINENBNNFIATIZA Laeld acetic anhydride AL pyridine
wuilaans 39 Lﬁﬂﬂmaqalﬁﬂumﬁu fiofiTunandalvinny 65 %yield ua lwuans

38 NdaIny IRl auanugIS I uMIRIATISAAUAUT  5-hydroxy-1,4-
? y y

OH OH 0
GO 4 G - )

naphthoquinone

OH HyC-C-0 OH O

Ac,0, pyridine O 38

CH,Cl,

I
O-C—CHj
HyC-C-0
O
39

Scheme 20 N13NeNENNAILAIITIRYRUTVDY 1,4-naphthoquinone
Griusaiowisnsdaenzilnl lananduuffiSen  Friedel-Crafts acylation™
U84 maleic anhydride L phenol wazld aluminium chloride Waz sodium chioride T4
reagent uaziduniasdliiieTaasléifln 5-hydroxy-1,4-naphthoquinone (37) witsng
fFenfeldlud Fadfsuanaulams naphthoquinone daufilassairndeiy

plumbagin LT
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O

0
OH 1) NaCl , AICl,
+ O —_—
2) HCl
0 OH O

5-Hydroxy-1,4-naphthoquinone

Scheme 21 N98AATIZI 5-hydroxy-1,4-naphthoquinone Iﬂﬁlﬂﬁﬁ?ﬂﬁ Friedel-Crafts

acylation

&17 naphthoquinone ﬁLaaﬂmﬁm&’] fa 1,4-naphthoquinone (2) LL8s 2-methyl-
1.4-naphtoguinone (6) Tailluasfdnssaeevifimdelalunanliung uazlassai
2a93IN&LALIRL plumbagin tiasanlaseainsvesany 2 IwLaqaﬁwLaiﬁ%%i hydroxy 34
laidiaaifin protecting group LWilawnyu plumbagin Lfiaﬁ’]mﬁ’]ﬂﬁﬁ%m epoxidation
Unngnijisenialaauin laiadidunaniais 81.80 %yield §1%5U 2,3-epoxy-1,4-
naphthoquinone (40) Wae 74.32 %yield #1953V 2,3-epoxy-2-methyl-1,4-naphthoquinone
(41)

o)
1) NaBO3.4H,0

O
R
OO ZE o
e O

2) H,S0,

R O R o)
2R=H,R;=H 40R=H,R; =H
6R:H1 R1:CH3 41R:H, R1:CH3

Scheme 22 ﬂﬁﬁ'?‘il’] epoxidation U84 naphthoquinones
A [ [ o . A & . v v ' A
LIBRILATIZNBRANWIVBIRTT naphthoquinone Nu19 epoxide lauddeunde
Q| 12 v aAaa a A $ QII { ) v v
matlaas epoxidelagltlfizenlalasdda Fonaluilailorsusrazld hydroxy group

=) A
LWU\‘]‘V\%JL@U'J

O O
Ry R,
o H,SO, or NaOH O‘
OH
R O R (@]
34 R=0H, R1:CH3 42 R =0OH, R1:CH3
40R=H,R; =H 43 R=H,R, = H
41R=H, R, =CHj 44 R=H,R,=CHs

Scheme 23 Uffsenlalasddalnelines vze wa
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udldasmIlile hydroxy group 2 wy FevindiAsenlasld acetic anhydride
AU conc.H,SO, (Uarulfisen acetylation'” wuinleiTlan9 epoxidelsiiln diacetyloxy
TuSanon 55-85 %yield WHUATWEIUEN

o o)
R1
Ry Ac,0, Hy,S0, OAc
o OAC
R O R O
35 R=0CH; R;=CHy 45 R = OCH,, R;=CHjy
36 R= OCH2CHCH2, Rl = CH3 46 R = OCHzCHCHz, Rl = CH3
40 R=H, Ry =H 47 R=H, R;=H
41 R=H, R; =CH, 48 R=H, R, =CHjy

Scheme 24 1{)713%11 acetylation 784 epoxide lUANIATANENTA

mM3UfA3en acylation ¢1g acetic anhydride F3aslawn devnans 34 wvh
Ugn3unTlars epoxide lasld acetic anhydride nU conc.H,S0, wuinleiiuss 49 Gadi
wy acetyloxy 3 wiy laolawaiivessns 49 sansnduduldlasldinedla NMR

spectroscopy W1 'H-NMR WU 9 lilsaausaang ~COCH, 7 8 213, 2.29, uaz 2.39

ppm

O 0
CH, CH,
O ACzo , H2804 OAC

—_—

OAc

OH O OAc O

34 49

Scheme 25 ﬂﬁﬁ“a‘?;l’] acylation 184 plumbagin epoxide

dudeluaziums hydrolysis #4 diacetyloxy 1‘?7!,1:_’]%%%1; dihydroxy @28 10%
NaOH uaz 1M H,SO, Fsanfitassnsawld wuinle ssUszneu dinydroxy luiSanm
70 %yield uailavnanautuaaniisngnwls Immummﬂvﬁwg}mm:mmuamaa epoxide
araseulanainlasldinedin NMR uaz IR wuin wy acetate waamiely lawlainy
SR IVBINY acetyl LAWURTY QNS 1 Tsaaw 7 6.37 ppm 289 &1 43 saulunsd
VBIRNT 44 Vl,aiﬂiﬁﬂgé’zynpmmaﬂﬂmauﬁﬂs:mm 6 ppm ILEAIINARD hydroxy L4
%QL@U’JMW{E% m@g‘ﬁ'Lﬁ‘flul,‘*ﬁ'uf:u’m:manﬂmmLaﬁmmaﬂmaa%ﬁwadmi
naphthoquinone *ﬁmm:azagiugﬂﬁﬁmwmaﬁmmm’h lasfiasidunanaadn
75.48 %yield 81%3U 3-hydroxy-2-methyl-1.4-naphthoquinone L&z 79.30 %yield §1%#TU
2-hydroxy-1,4-naphthoquinone

20



R
Ri " 1)10% NaOH !
OAc__~_ o

OH

OAC 2) H,SO,

O O
47 Ry =H 43 Ry =H
48 Ry =CHs3 44 Ry =CH,

Scheme 26 ﬂﬁfﬁ‘ﬂ’ﬂ‘iﬂﬁﬁ%@ﬂ@q diacetoxy compounds

o & o ¢ . A a ' . 15 o ° , A

MIFNAMzRaURUTVEY Plumbagin iWalasiduny amine i lUassduniiaf

3 lasdanld methylamine wwzdu amine Nianunznztasan ot ldladne
) = a v o o AN N ea A £ a A & A . a

wishunSsuifisununuan i ldiduineslignimsiimwiniundeld  lasisuan

W1Le 1,4-naphthoquinone  an¥1jjfiTen amination LAy amine 1Y wdsiunyinld

\u epoxide wdtngidinBninavasdidnaseudlaaduivedlulanaudelszaiu

AULTWLALINY epoxide ¥l lUTavd ldannsavinliidu epoxide o
0

o)
R NH,-CH, R
—>
U —a-
o)

NHCH,
0O

2,6 45, 47

o)
R
o)
NHCH;
o)

46, 48

TxoaoX
TRETRNTIL
oozxT
I T
w w

Scheme 27 NnAFaNA1TLTENAL epoxide 184 amine

@384l 2-amino-1,4-naphthoquinone (50)19 L‘%&lﬁuﬁ]’mmiﬁ’l 1,4-naphtho quinone (49)
WUHA38NY NaN; 1w glacial acetic acid (HOAc) lwansusznay  2-amino-1,4-
naphthoquinone (50) TutlSunmw 50% yield (Scheme 28) ﬁ]’mf?uﬁ’]mi 50 reflux 14
THF udadan 9iiiw acid chioride (51) a4l ldans amide (52) TuuSunon 25 % yield™ ™
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o) O |
NH
O‘ H NaNs, HOAc O‘ 2 @(Cl
—_— +
o)
H H
o o)

(49) (50) (51)

dry THF,
reflux, 100°C

o) '[' o
N
)
0
(52)

Scheme 28 MIFILATIZAFITLUITNBY amidesubstituted naphthoquinone (52)

Pnmiwhas 52 wvhmstlaaslaoiud§isen  intramolecular cyclisation Tawld
177381 Heck coupling (Scheme 28) Fannisaraseulasaiusiomeaiin 'H-NMR
spectroscopy wu&mmgmiﬂmauﬁ chemical shift 5.25 ppm 11 2 lUsaan a3 —NH,
Wae 4 Iﬂsmauﬁu‘%nm aromatic ring U84 2-amino-1,4-naphthoquinone (49) %GLLam’i’l
Wbz amide Lanaan é’ofuma;ﬁﬁ'ﬁoﬁwms protect ¥yl —NH 289 amide Aaufiazih
m3taaadas Mel waz KOH  udadnglsfiany andayanid "H-NMR Bufwin wWuse
amide uanaaniiwiu lef amine ads (49)
mnmneaasituaatlfifuinmeldannzusilduwlivangalunmshuiseins
To sedsmmadssldldanizfiduus fasen amide Alalisdosluannsius

muﬁ'ﬂuLaqamaumwiwaﬂumaaﬁ%mﬁ T WRNIZLLE
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ZT

Pd(OACc),, PPh;

K,CO3, DMF
O )(V O

CHl, KOH

(52) % CHa o

RoWANIABINIIET 7 mﬁwimmiﬂmoﬁmﬂﬂuLaqaﬂsznau@?’mﬁuﬁz amide
ﬁqﬁumaﬂﬁﬂuLaqaLLuwIwﬂﬂuuﬁ@iaﬁmo 7 \WasNUDY diazepine UN% lABLASUNENT
faduiiazrinnstaslasiin 2,3-dibromo-1,4-naphthoqui- none (53) FaLe3uINNIITn
17381 bromination w84 naphthoquinone 49 N dibromonaphthoquinone (53)
¥¥1 7381 nucleophilic substitutions laald 1°amine (54a-e) Lilunucleophiles 1Y
Ufnsenuss 53 lesnsisznay  2-substitued amino-3-bromo-1,4-naphthoquinones
(55a-€) ﬁ]’mﬂ?uﬁ’m’liﬂmdmu palladium-catalysed intramolecular cyclisation Tuanaz
@199 laun maldanuioulasmiwand maldanusaulasyiujisonlesls seal
tube sz m3¥i irradiation laglzlulasian wadsingitmilasdszauanudusa
muldnslianuseulasriufisinlasld seal tube whuwldamanasanstsznauas
FAenutisanasnvasunnlnadlun (56a-d) lutSunaildnisld wazsstsznay (57a-
d) (Scheme 29) l@uanaassugasluased 1 uaiield amine 55¢ liwusnsdsznou
56e Waz 57¢ mudasns lasfanseseulaaiedsldinafie  'H-NMR spectrum

WULNHIFITOIAULYINTE

O
soufiveauct
+
Br R3

o]
(63) (54a-e) (55a-e)
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ZT

Pd(OAc),, PPhs,

_—
O‘ R; K;COg, Toluene,

Br 120°C

H Q H
N N
200
Ry H '
0
R2

(s5a-€) g (56a-d) Rz (57a-d) Rs

Rs3

Scheme 29 NMIFILATIERENTUTZNOUIIITRUT LA RAD NN INaS Iuulayld

U738 intramolecular cyclisation

ANS19N 1 LEAITIURLNANRAAIENTUTZNAUIII I TR LT LAAL AR LUV ILUWINAT [

(56a-e) uaraNTUTenay (57a-e)

1° amine | R, R, R, a1555 | #1956 | @19 57
(55) (% vield) | (% yield) | (% yield)
a OCH, OCH, OCH, 49 16 31

b H OCH, OCH, 66 7.3 28

c H -OCH,0O- 75 5 26

d H OCH,Ph OCH, 36 14 23

e H OCH, H 60 - -

Tuvhuasdeanudnsauwunlnadlunu 49 uaz 50 ¥i11§Ase1 nucleophilic substitution N
fandalalld tryptamine lagldaaululasian 1% 2-substitued amino-3-bromo-1,4-
naphthoquinones (59a-d) lwasidudnaninfigs laslassairszasasndaiuailann

Hudulaonaila mass spectrometry L8z NMR spectrometry

R3
NH, |N Oy
(0] H N
R, 58a; Rz =H Rs
SOGL
R2 - Rl (@] H

Ri O

49, Rl = R2 =H
53, Rl = H, R2: Br

59a; Rl = R2 :R3 =H

59b: Ry = R, = H, Ry = OMe
59c R, = H, R, = Br, Ry = H
59d; R, = H, R, = Br, Ry = OMe

Scheme 30 U7)7381 nucleophilic substitution izijamgﬁufmad naphthoquinones Nu

auUTVaY tryptamines
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#12-substitued amino-3-bromo-1,4-naphthoquinones (59a-d) ﬁiﬁmﬁwﬂﬁﬁ%mmﬂma
1aen"% palladium-catalysed intramolecular cyclisation lu&n12z6199 oA nslaana
soulagmsswand mslwanusoulasvufiselasls seal tube waz n3¥h irradiation
I@UlﬂmiﬂiLaqudﬁﬂﬁsﬂ@aaI@ﬂ%ﬂﬁluvlﬂmnwslﬁmaﬁ%uﬁwamﬁ@gaq@ uae 1gan
ﬁaﬂﬁq@ Tasifaasrvsavlassaiislasls 1H-NMR spectroscopy wulisaanufiduntied
C-2 98374 indole %ﬁﬂvlﬂ%oﬂ’lﬁmﬁ@miﬂma LAE NANIIATIIIRBY mass spectrometry

WL molecular formula mmﬁm@"l:?

)
N i
O‘ Rs  Pd(OAc),, PPhs, O‘
R || | S _
Ry O N K,COg, Toluene,

H MW 850 W, 6 min. Ri O HN Q
59a; R; =R, =Rz = H Rs
59b, Rl = R2 =H, R3 = OMe

_ _ _ 60a; R, =Ry =H
59¢ R; =H, R, = Br, Rz=H 60b'Rl—H3R = OMe
59d; R; = H, R, = Br, R3 = OMe » 1= R =

Scheme 31 NIFILATIERENTUTZNOUIIITRUT A RAD NN INaS Iuulayld

U7A381 intramolecular cyclisation laaldaaululasiawn

& aa v €& a a
3.3.3 mi‘vmaaquﬁ‘n'mg'm’wwaom‘sﬂ‘sznauamaﬁwuﬁmﬂma HENNIDN] Lla%w‘[ﬂﬂ'?

Tun

Lﬁaé{’dLﬂi’]zﬁﬁ’ﬁﬂ§$ﬂaU’Jd%%ﬁﬁu'EL%@L%gElll"ll?NLL%WIY]@’I%I%%VL@?LL&/')%GTE’“I&ﬂ“ﬂ@ﬁﬂ‘i_lﬂ’ﬁ
sengNs MU Talac I§ur Candida albicans ATCC-90028 uaz Lauuafiselaun
Bacillus subtilis (ATCC-6633), Staphylococcus aureus (ATCC-25932), ez Escherichia
coli (ATCC-10536) lagl135 twofold serial dilution technique Waz 19 dimethyl
formamide (DMF) umviazansuasiluaaniugy
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Minimum Inhibition Concentration (ug/mL)

Compound
C.albicans S.aureus B.subtilis E. coli
55a NT NA NT 64
55b NT NA NT NA
56a NT NA NT NA
56b NT NA NT NA
59a 128 128 NA 128
59b 128 64 NA 128
59c 128 128 NA NA
59d 64 128 128 128
60a 128 128 NA 128
60b 128 128 NA 128
NT = Not Test

NA = Not active

4. a*gﬂwam‘mﬂaaa
ana ™ 6 a (2 ™ {J n'
a’ﬁﬂiZﬂaU’N’nﬁWWﬁ%adLL%WIY]ﬂ’JI%%VL@QﬂﬁGLﬂi’]&Wllu TagisuaNa1TUTZ N LW
a dl =) v = 1 = v dl U K g; v o s =)
Inad luunnwulusssuma LmewHa:wiumﬂﬂLwalma.lumsmmummumiﬂma
nuwinstiarslaglUisen palladium catalysed intramolecular cyclisation W37
RNUTOLATBUENITUTZNAU9I TN LTV I 1N Lis Lo TS U1 st snand 821390
U738 epoxidation vass3tlsznavuuwinadlun 1¥asdsznay epoxide lalud3unm
&9 asnglsnauNITaSuNaIUIENaY epoxide VaILUWNINAT lUUNRAMURU LUV D
A& & ' AV o &
BlARATOUFY Lﬂwgtmuﬂ"l,uﬂi:amamm
£ v & X ' \ £ o o A R
MINTIIFBLONDTNNIHLHUTa Az ULANIT A I sANLINNgNTAaUINIF1NaNND UTH
A o & a Aa & e
g\aq@ﬂmmmﬂummswmvl,@ﬂmmL°ﬁa"l,@°n 64Lg/mL
5. DaLanaunsdInIuuIdelnanian
Aa v & & A a @ ‘A =< o a
813Uz na U9 TN LTI RNV I LN N T LU T NIAN B RN L ANINTININAN
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6. 39N1INAADY

Preparation of 1,4-naphthoquinone (2)

To a solution of CrO5; 6 g (0.036 mol) in 80% aqueous Acetic acid (7.5 ml) at 0 °C was
added a solution of naphthalene 3.21 g (0.025 mol) in glacial acetic acid (30 ml) and
stirred for 2-3 hours at 10 — 15 "C and allowed to warm to room temperature and
further stirred for 3 days. The reaction mixture was turned to green then water (50 — 60
ml) was poured to the mixture and extracted with DCM (3 x 20 ml). The organic layer
was washed with water, dried, and evaporated to give the dark solid. The solid was
subjected to column chromatography (silica gel, 10:1 hexane: EtOAc) to give 1,4-
naphthoquinone (1.21 g, 30.4 % yield) as a yellow crystal. 1H-NMR (CDCly) 0 6.99 (s,
2H), 7.74-7.80 (m, 2H), 8.07-8.12 (m, 2H).

Preparation of 2-methylnaphthalen-1-ol (5)

To a solution of 1-naphtol (1, R = H) (1 g, 0.459 mmol) in MeOH (13 ml) were added
morpholine (0.73ml, 8.33 mmol) and 35% formaldehyde (0.23ml). The reaction mixture
was stirred at room temperature for 24 h and then evaporated under reduced pressure
to give a yellow soild. The solid was used without further purification. Pd/C (0.3 g) and
MeOH (12 ml) was added and then stirred under hydrogen for 24 h. The catalyst was
filtered off and the solvent was removed under reduced pressure to give a crude
residue. The residue was subjected to column chromatography (silica gel, 15:1 Hex :
EtOAc) to give the 2-methylnaphthalene (5) in 67% vyield,; 1H-NMR (CDCly) O :2.38 (s,
3H, CHj), 7.29 (d, 1H,J=8.5Hz), 7.50 (d, 1H, J=8.5 Hz), 7.55-7.57 (m, 2H), 7.85-7.91
(m, 1H), 8.27-8.31(m,1H)

Preparation of 2-methyl-1,4-naphthoquinine (vitamin K,) (6)

To a solution of 2-methylnaphthalene (5) (0.99g, 6.27 mmol) in (3:1) MeOH : DMF
(100ml) was added a solution of Fremy’s salt (12.50g) in H,O (52 ml) and 1M aq.
NaOAc (8.79ml). The reaction mixture was extracted with Et,O (3 x 20ml) and the
organic layer was washed with brine (30 ml), dried with anh. Na,SO, and evaporated
under reduced pressure to give 2-methylnaphthoquinone (6) in 88% yield; 1H-NMR
(CDCl) O : 2.19 (d, 3H, J=1.5 Hz), 6.83 (g, 1H, J=1.5Hz ), 7.70-7.74 (m, 2H), 8.02-
8.09 (m, 2H ).

Preparation of 1-hydroxy-5-methoxynaphthalene (8)
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The 1,5-dihydroxynaphthalene (7) (1 g, 6.24 mmol) was dissolved in 2.5 M NaOH (6.24
mmol) which had been previously deoxygenated by bubbling argon through it for 30
minutes. The solution was stirred under argon while dimethyl sulfate (3.24 mmol) was
added dropwise. After the addition, the mixture was stirred for an additional 20 min,
then extracted with ether. The ether extract was discarded and the aqueous layer was
acidified with 5 M HCI. The precipitate was taken up in ether, and the ethereal extract
was washed with brine, dried over anh.Na,SO, and the ether was evaporated. The
residue was subjected to column chromatography to give the yellow solid of 8 in 54%
yield; "H-NMR (CDCl3) O : 3.99 (s, 3H), 6.84 (d, 2H, J=7.5 Hz), 7.30 (dd, 1H, J=8.5,
7.5), 7.39 (dd, 1H, J=8.5, 7.5), 7.74 (d, 1H, J=8.5), 7.84 (d, 1H, J=8.5).

Preparation of 5-methoxy-1,4-naphthoquinine (10)

To a solution of 1-hydroxy-5-methoxynaphthalene (8) (2.27g, 13 mmol) in (3:1) MeOH :
DMF (208 ml) was added a solution of Fremy’s salt (15g) in H,O (52 ml) and 1M aq.
NaOAc (21ml). The reaction mixture was extracted with Et,O (3 x 20ml) and the
organic layer was washed with brine (30 ml), dried with anh. Na,SO, and evaporated
under reduced pressure to give 5-methoxy-1,4-naphthoquinine (10) in 13 % yield; "H-
NMR (CDCls) O : 3.92 (s, 3H), 6.64 (q, J=1.4 Hz), 7.19 (dd, J=9.0,1.1 Hz), 7.60 (dd,
1H, J=9.0, 7.8 Hz), 7.71 (dd, 1H, J=7.8, 1.1 Hz).

Synthesis of 5-methoxy-2-(morpholinomethyl)naphthalen-1-ol (11)

To a solution of 1-hydroxy-5-methoxynaphthalene (8) (80 mg, 0.459 mmol) in MeOH
(0.9 ml) were added morpholine (0.459 mmol) and 35% formaldehyde (0.459 mmol).
The reaction mixture was stirred at room temperature for 24 h and then evaporated
under reduced pressure to give a crude residue. The residue was passed through a
quick column (silica gel, 15:1 Hex : EtOAc) to afford compound 11 in 80% yield; 1H-
NMR (CDCl3) O : 2.40 - 2.53 (m, 4H), 3.67 (s, 2H), 3.84 (s, 3H), 6.73 (d, 1H, J=7.6
Hz), 6.93 (d, 1H, J=8.5 Hz), 7.25 (dd, 1H, 8.5, 7.6 Hz), 7.59 (d, 1H, J=8.5 Hz), 7.72 (d,
1H, 8.5 Hz).

Synthesis of 1-hydroxy-5-methoxy-2-methylnaphthalene (12)

28



A mixture of 11 (89 mg, 0.326 mmol), Pd/C (34 mg) and MeOH (0.8 ml) was stirred
under hydrogen for 24 h. The catalyst was filtered off and the solvent was removed
under reduced pressure to give a crude residue. The residue was subjected to column
chromatography (silica gel, 15:1 Hex : EtOAc) to give the 1-hydroxy-5-methoxy-2-
methylnaphthalene (12) in 67% yield; 1H-NMR (CDCly) O : 2.40 (s, 3H, CHs;), 4.00 (s,
3H, OMe), 6.77 (d, 1H, J=7.6 Hz), 7.23 (d, 1H, J=8.5 Hz), 7.37 (dd, 1H, J=8.5,7.6 Hz),
7.69 (d, 1H, J=8.5 Hz), 7.77 (d, 1H, J=8.5 Hz).

Synthesis of 5-methyoxy-2-methylnaphthoquinone (13)

To a solution of 1-hydroxy-5-methoxy-2-methylnaphthalene (12) (0.28g, 1.50 mmol) in
(3:1) MeOH : DMF (24 ml) was added a solution of Fremy’s salt (1.59g, 5.98 mmol) in
H,O (52 ml) and 1M ag. NaOAc (2.5ml). The reaction mixture was extracted with Et,O
(3 x 20ml) and the organic layer was washed with brine (30 ml), dried with anh. Na,SO,
and evaporated under reduced pressure to give 5-methyoxy-2-methylnaphthoquinone
(13) in 80% yield: 'H-NMR (CDCl5) O : 2.06 (d, 1H, J=1.4 Hz), 3.90 (s, 3H), 6.66 (q,
J=1.4 Hz), 7.21 (dd, J=9.0,1.1 Hz), 7.58 (dd, 1H, J=9.0, 7.8 Hz), 7.68 (dd, 1H, J=7.8,
1.1 Hz).

Preparation of 5,8-dihydroxy-1,4-naphthoquinone (16a)

A mixture of NaCl (2.70 g, 0.046 mol) and AICl; (12.00 g, 0.090 mol) was heated until
melt at 170 °C under the Argon atmosphere. Maleic anhydride (2.94 g, 0.030 mol) and
1,4-dimethoxybenzene 1.38 g (0.010 mol) was added to a solution mixture and stirred
at 175-180 °C for 5 minutes. After cool down to room temperature, 10% HCI was then
added and left to stir overnight. The reaction mixture was suction filtration and the filter

was soxhlet using EtOAc. Then, EtOAc was evaporated to give 2,3-

dichloronaphthazarin 0.25 g (13 % yield) as orange crystals. 1H-NMR (CDCly) O 7.05
(s, 4H), 12.31 (s, 2H, OH)

Preparation of 2,3-dichloro-5,8-dihydroxy-1,4-naphthoquinone (16b)

A mixture of NaCl (2.70 g, 0.046 mol) and AICl; (12.00 g, 0.090 mol) was heated until
melt at 170 °C under the Argon atmosphere. Maleic anhydride (1.38 g, 0.010 mol) and
1,4-dimethoxybenzene 5.00 g (0.030 mol) was added to a solution mixture and stirred
at 175-180 C for 5 minutes. After cool down to room temperature, 10% HCI was then

added and left to stir overnight. The reaction mixture was suction filtration and the filter
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was soxhlet using EtOAc. Then, EtOAc was evaporated to give 2,3-

dichloronaphthazarin 1.80 g (70 % yield) as orange crystals. 1H-NMR (CDCly) 0 7.32
(s, 2H), 12.30 (s, 2H, OH)

Reaction of 2-methylnaphthoquinone (6) with methylamine in EtOH

A 33% ethanolic solution of methylamine (0.054 mL, 1.2 mmol) was added dropwise to
a solution of 6 (50 mg, 0.25 mmol) at room temperature and the mixture was stirred for
24 h. The solvent was evaporated and 10% Na,CO; and DCM were added to the
residue. The organic layer was dried and evaporated. The residue was purified by
preparative thin layer chromatography (silica gel,1:1 Hex : EtOAc ) to give a first
fraction of 2-methyl-3-methylamino-1,4-naphthoquinone 17a (31% vyield) as a red solid.
"H-NMR (CDCl3) 0228 (s, 3H, CH5), 3.24 (d, 3H, J = 4.7 Hz), 5.78-5.85 (br,1H,NH),
7.52 (td, 1H, J = 7.5,1.3 Hz), 7.68 (td, 1H, J = 7.5,1.3 Hz), 7.98 (dd, 1H, J = 7.5,1.3
Hz), 8.08 (dd, 1H, J = 7.5,1.3 Hz); “C-NMR (CDCl3) O : 10.9 (CHj), 32.89 (NCHy),
112.0, 125.9, 126.2, 130.3, 131.8, 133.5, 134.3, 147.0, 182.4.

Reaction of 2-methylnaphthoquinone (6) with methylamine and 37% formaldehyde
in EtOH

Method A

A mixture of 6 (0.34g, 2 mmol), 33% Ethanolic solution of methylamine (8.0 ml, 64 mmol
), and 37% formaldehyde (3.0 ml, 36 mmol ) was stirred at room temperature for 24
hours. The solvent was evaporated and 10% Na,CO; and DCM were added to the
residue. The organic layer was dried and evaporated. The residue was purified by
preparative thin layer chromatography (silica gel, 1:1 Hex: EtOAc) to give a first fraction
of 2,3-dimethyl-1,4-naphthoquinone (17) (41% yield) as a yellow solid and the
secondary fraction as 18 (12% vyield) as a red solid.

Compound 18 was obtained as a yellow solid in 17.8% yield, 1H-NMR (CDCly) 0 :2.51
(s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.76 (s, 2H, CH,), 3.99 (s, 2H, CH,), 7.55-8.20 (m,
4H)
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Method B:

A mixture of 6 (0.21g, 1.22 mmol), 33% Ethanolic solution of methylamine (4.88ml,
39mmol ), and 37% formaldehyde (1.83ml, 18mmol ) was irradiated in microwave
reactor at 850 W for 3 minutes. The solvent was evaporated and 10% Na,CO; and
DCM were added to the residue. The organic layer was dried and evaporated. The
residue was purified by preparative thin layer chromatography (silica gel, 1:1 Hex:
EtOAc) to give a first fraction of 2,3-dimethyl-1,4-naphthoquinone (19) (10 mg, 5%
yield) as a yellow solid and the secondary fraction of 2-methyl-3-methylamino-1,4-
naphthoquinone 17 (13% yield) as a red solid.

Compound 19: 'H-NMR (CDCly) 8: 2.18 (s, 6H, CH,), 7.66-7.72 (m, 2H), 8.05-8.11 (m,

2H): C-NMR (CDCl,) O: 12.9 (CHs), 126.25, 132.15, 133.32, 143.45, 184.94.

Reaction of 5-methyoxy-2-methylnaphthoquinone (13) with methylamine in EtOH

A 40% ethanolic solution of methylamine (0.054 mL, 1.2 mmol) was added dropwise to
a solution of 13 (50 mg, 0.25 mmol) at room temperature and the mixture was stirred
for 24 h. The solvent was evaporated and 10% Na,CO; and DCM were added to the
residue. The organic layer was dried and evaporated. The residue was purified by
preparative thin layer chromatography (silica gel,1:1 Hex : EtOAc ) to give compound

20 as a major product together with other unidentified products.

Compound 20 was obtained as a red solid in 21% vyield; 1H-NMR (CDCls) d:2.19 (s,
3H), 3.16 (d, 3H, J = 5.6 Hz), 3.92 (s, 3H), 7.07 (dd, 1H, J = 8.5,1.0 Hz), 7.55 (dd, 1h,
J=84,7.7Hz),7.71(dd, 1H, J = 7.7, 1.0 Hz).

Synthesis of 2-methyl-3-(N-bromoacetyl,N-methylamino)-1,4-natpthoquinone (21)

A mixture of compound 20 (80 mg, 0.35 mmol) and anh K,CO; (87 mg, 0.88 mmol) in
THF (15 mL) was added a solution bromoacetyl bromide (0.08 mL, 0.88 mmol). The
reaction mixture was left to stir overnight. The solvent was evaporated to dryness under
reduce pressure to give a dark residue. Dichloromethane (15 ml) was added and then
extracted with water (3 x 15 mL). The organic extract was separated, dried and
evaporated to give a dark residue. The residue was subjected to column

chromatography (silica gel,1:1 Hex : EtOAc) to give compound 21 as a yellow solid in

4% yield; "H-NMR (CDCl;) O : 2.14 (s, 3H), 3.26 (d, 3H, J = 5.6 Hz), 3.90 (s, 3H), 4.20
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(s, 2H, CH,), 7.05 (dd, 1H, J = 8.5,1.0 Hz), 7.56 (dd, 1h, J = 8.4, 7.7 Hz), 7.74( dd, 1H,
J=77,1.0 Hz).

Diels-Alder Reactions

General Procedure

A mixture of naphthoquinone (1 eq.) and pyrrole (5 eq.) in toluene (2 ml) was refluxed in
pressure tube for 3-4 days (monitored by TLC). The solvent was evaporated to dryness
and water (15 ml) was added to the residue and the mixture was extracted with DCM (3
x 10 ml). The organic extract was dried and concentrated to give the crude solid. The
solid was subject to column chromatography (silica gel, gradient Hexane: EtOAc) to

give a Diels-Alder product.

Compound 22 was obtained as a red solid in 5% yield,; 1H-NMR (CDCly) 0 6.31-6.38
(m, 2H), 6.98-7.00 (m, 2H), 7.72-7.80 (m, 2H), 8.07-8.14 (m, 2H), 10.90 (br.s, 1H, NH).

Compound 23 was obtained as a red solid in trace amount; 1H-NMR (CDCls) 8 2.05
(s, 3H, CH3), 3.97 (s, 3H, OCH,), 5.99-6.08 (m, 2H, H2 and H3), 6.52-6.54 (m, 1H, H1),
6.64 (dd, J=3.9, 1.5 Hz, 1H, H4), 7.21 (dd, J= 7.5, 1.2 Hz, 1H), 7.57 (t, J= 7.8 Hz), 7.67
(dd, J= 7.6, 1.3 Hz), 1H).

Compound 25 was obtained as a red solid in 4% yield,; H NMR (CDCl5) o 1. 66 (s, 3H,
CH3), 3.36 (d, J= 16.23 Hz, 1H, CHH), 3.49 (d, J= 16.94 Hz, 1H, CHH), 6.00-6.05 (m
2H, H, and H,) 6.67-6.69 (m, 1H), 7.68-7.71 (m, 2H), 7.99-8.11 (m, 2H), 8.24 (br.s, 1H,
NH).

2-chloro-5,8-dihydroxyl-3-phenylamino-1,4-naphthoquinone (26a)
To a solution of 16b (0.20 g, 0.77 mmol) in EtOH (8 ml) was added aniline (0.14 ml,
1.55 mmol) and the reaction mixture was stirred for overnight. The solid was filtered

and washed with water to give a red solid of 25a (0.20 g, 82 % yield); 1H-NMR (CDCly)
O 7.09-7.40 (m, 7H), 7.84 (br.s, 1H, NH), 11.90 (s, 1H, OH), 12.86 (s, 1H, OH).

2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphthoquinone (26b)
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To a solution of 16b (0.15 g, 0.58 mmol) in EtOH (2 ml) was added aniline (0.22 ml,
1.74 mmol) and the reaction mixture was stirred for overnight. The solid was filtered
and washed with water to give a red solid of 26b (0.17 g, 78 % yield); 1H-NMR (CDCls)
O 3.84 (s, 3H, OCH,), 6.89 (d, 2H, J= 8.8 Hz), 7.07 (d, 2H, J= 8.8 Hz), 7.71 (d, 1H, J=
9.4 Hz), 7.30 (d, 1H, J= 9.4 Hz), 7.80 (br.s, 1H, NH), 11.90 (s, 1H, OH), 12.90 (s, 1H,
OH).

Attempted synthesis of (27)

Method A:

A solution of compound 26b (60 mg) in mesitylene (10 ml) was heated under refluxed at
140 °C for overnight. The solvent was evaporated and water (20 ml) was added and
then extracted with DCM (3 x 15 ml). The DCM extracts were combined, dried, and
evaporated to give a dark solid. The solid was subjected to column chromatography to
give compound 27b (20 mg, 42%) as a major product; "H-NMR (CDCls5) 0 3.85 (s, 3H,
OCHs,), 6.24 (s, 1H), 6.96 (d, J= 8.7 Hz, 2H), 7.22 (d, J= 8.7 Hz, 2H), 7.46 (br.s, 1H,
NH), 7.67 (dt, J= 7.5, 1.2 Hz, 1H), 7.77 (dt, J= 7.5, 1.2 Hz, 1H), 8.11 (dd, J= 3.0, 1.2
Hz, 1H), 8.13 (dd, J= 3.0, 1.2 Hz, 1H) 11.90 (s, 1H, OH), 12.94 (s, 1H, OH)

Method B:

To a solution of 26b (80 mg) in mesitylene (10 ml) was slowly added a solution of AIBN
(0.0387 g, 0.23 mmol) and Bu,SnH (0.2 m, 0.45 mmol) in mesitylene (40 ml) and the
reaction mixture was refluxed at 110 °C for overnight. The solvent was evaporated and
Et20 (15 ml) and sat. KF (15 ml) was then added and stirred for 2-3 hours. The organic
extract was dried and evaporated to give 27b in 39 % yield and the starting material

was also recovered in 12% vyield.

Reaction of 2-chloro-5,8-dihydroxyl-3-phenylamino-1,4-naphtho- quinone (25a)
with sodiumazide in DMF

Method A:

To a solution of 25a (0.12 g, 0.38 mmol) in DMF (1.0 ml) was added a solution of NaN;
(0.037 g, 0.57 mmol) in water (0.1 ml). The reaction mixture was refluxed at 80 °C for 3
hours and allowed to worm to room temperature. The solid was filter off to give 28a as

a red solid (0.042 g, 38 % yield). The filirate was added water (20 ml) and then
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extracted with DCM (3 x 15 ml). The DCM layer was separated, dried, and evaporated
to give a dark solid. The solid was subjected to column chromatography (silica gel,

Hexane: EtOAc (4:1)) to give 29a (0.025 g, 23 % yield).

Method B:

To a solution of 25a (0.07 g, 0.22 mmol) in DMF (0.7 ml) was added a solution of NaN;
(0.030 g, 0.46 mmol) in water (0.1 ml). The reaction mixture was irradiated in
microwave reactor at 850 W for 4 minutes. Water (20 ml) was then added to the
reaction mixture and the mixture was extracted with DCM (3 x 15 ml). The DCM layer
was separated, dried, and evaporated to give a dark solid. The solid was subjected to
column chromatography (silica gel, Hexane: EtOAc (4:1)) to give 28a (0.025 g, 39%)
and 29a (0.025 g, 38 % vyield).

Compound 28a; 'H-NMR (CDCly) & 7.50 (s, 2H), 8.11-8.12 (m, 2H), 8.52-8.53 (m, 2H),
12.95 (s, 2H, OH).

Compound 29a; 'H-NMR (CDCl;) O 4.69 (br. S, 2H, NH2), 6.56 (br. S, 1H, NH), 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, OH), 12.51 (s, 1H, OH).

Reaction of 2-chloro-5,8-dihydroxyl-3-(p-methoxy)phenylamino-1,4-naphtho-
quinone (25b) with sodiumazide in DMF

Method A:

To a solution of 25b (0.10 g, 0.29 mmol) in DMF (0.7 ml) was added a solution of NaN;
(0.029 g, 0.44 mmol) in water (0.1 ml). The reaction mixture was refluxed at 80 °C for 3
hours and allowed to worm to room temperature. The solid was filter off to give 28b as
a red solid (0.08 g, 86 % yield); "H-NMR (CDCly) O 4.08 (s, 1H, OCHs,), 7.46 (s, 2H),
7.70 (dd, J= 9.3, 2.5 Hz, 1H), 7.74 (d, J= 2.5 Hz, 1H), 8.36 (d, J= 9.3 Hz, 1H), 12.92 (s,
1H, OH), 13.00 (s, 1H, OH)

Method B:

To a solution of 25b (0.075 g, 0.22 mmol) in DMF (0.7 ml) was added a solution of
NaN; (0.021 g, 0.33 mmol) in water (0.1 ml). The reaction mixture was irradiated in
microwave reactor at 850 W for 4 minutes. Water (20 ml) was then added to the

reaction mixture and the mixture was extracted with DCM (3 x 15 ml). The DCM layer
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was separated, dried, and evaporated to give a dark solid. The solid was subjected to
column chromatography (silica gel, Hexane: EtOAc (4:1)) to give 29b (0.017 g, 24%);
"H-NMR (CDCl;) O: 3.79 (s, 3H, CH,), 4.51 (br.s, 2H, NH,), 6.54 (br.s, 1H, NH), 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, OH), 12.45 (s, 1H, OH).

Ethyl 2-(1,4-dihydro-5,8-dihydroxy-1,4-dioxo-2-(phenylamino)naphthalen-3-ylcarba-
moyl)acetate (30a)

A mixture of 29a (20 mg, 0.068 mmol) and diethyl malonate (1.0 ml) was heated at 130
°Cin pressure tube for 12 hours. The reaction mixture was subjected to column
chromatography (silica gel, Hexane: EtOAc (4:1) to give 30a (26 mg, 92 % yield). 1H-
NMR (CDCls) O: 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, OH), 12.95 (s, 1H,
OH).

Ethyl  2-(2-(4-methoxyphenylamino)-1,4-dihydro-5,8-dihydroxy-1,4-dioxonaphthalen-3-
ylcarbamoyl)acetate (30b)

A mixture of 29b (17 mg, 0.052 mmol) and diethyl malonate (1.0 ml) was heated at 130
°Cin pressure tube for 12 hours. The reaction mixture was subjected to column
chromatography (silica gel, Hexane: EtOAc (4:1) to give 30b (10 mg, 44 % yield). 1H-
NMR (CDCl3) O: 1.20 (t, J= 7.2 Hz, 3H), 3.81 (s, 2H), 3.93 (s, 3H), 4.13 (q, J= 7.2 Hz,
2H) 7.06-7.14 (m, 3H), 7.15-7.36 (m, 5H), 7.58-7.63 (m, 4H), 12.35 (s, 1H, OH), 13.00
(s, 1H, OH).

Synthesis of 5-allyloxy-2-methyl-1,4-naphthoquinone (32)

A mixture of 31 (98 mg, 0.521 mmole) and potassium carbonate (0.215 g, 1.556
mmole) in acetone (5 mL) was stirred at room temperature under Argon atmosphere
and a solution of allyl bromide (0.05 ml) in acetone (2 mL) was added to the reaction
mixture. After stirred for overnight, the reaction mixture was filtered out. Water (10 mL)
was then added and extracted with dichloromethane (3x10 ml) and washed with 5%
NaOH (2x15 ml). The organic extracts were combined, dried and evaporated to give
crude 5-allyloxy-2-methyl-1,4-naphthoquinone (32) (78 mg). The crude was purified

using column chromatography (silica gel, hexane:ethyl acetate (4:1)) to give compound
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23 (44 mg, 37.04 %yield) as orange needles; 1H-NMR (300 MHz, CDCl,) : 0 2.14 (s,

3H, 11-H), 4.73 (m, 2H, CH,CHCH,), 5.37 (m, 1H, CH,CHCH,), 5.65 (m, 1H,
CH,CHCH,), 6.10 (m, 1H, CH,CHCH,), 6.73 (d, 1H, J=1.5 Hz, 3-H), 7.26 (m, 1H, 6-H),
7.63 (t, 1H, J=7.5 Hz, 7-H), 7.59 (dd, 1H, J=7.5, 0.9 Hz, 8-H)

Synthesis of 5-acetyloxy-2-methyl-1,4-naphthoquinone (33)

To a solution of 31 (103 mg, 0.545 mmol) in dichloromethane (2 mL) was added
pyridine (0.08 mL and a solution mixture was stirred for 30 min. Acetic anhydrite (0.09
mL) was added to a mixture and the reaction mixture was further stirred for 2 hrs.
Water was added to the solution and then extracted with dichloromethane (3x10 ml)
and washed with sat. NaHCO; (2x15 ml). The organic extracted was separated, dried
and concentrated to give a crude of 5-acetyloxy-2-methyl-1,4-naphthoquinone (33) (92
mg). The crude was purified using column chromatography (silica gel, hexane:ethyl

acetate (5:1)) to give compound 33 (78 mg, 62.23 %yield) as yellow needles; mp. 113-

115 °C (Iit.", mp. 116-117 °C); 'H-NMR (300 MHz, CDCly) : 8 2.19 (s, 3H, 11-H), 2.44

(s, 3H, COCHj), 6.71 (d, 1H, J=1.5 Hz, 3-H), 7.36 (dd, 1H, J=8.1, 0.9 Hz, 6-H), 7.73 (t,

1H, J=7.8 Hz, 7-H), 8.07 (dd, 1H, J=7.5, 0.9 Hz, 8-H); ""C-NMR (75 MHz, CDCl5) : &

16.07 (C-11), 21.10 (COCH,), 125.13 (C-6), 129.43 (C-8), 133.87 (C-10), 134.48 (C-3),
135.98 (C-9), 136.26 (C-7), 146.93 (C-2), 149.26 (C-5), 169.50 (COCH;), 183.63 (C-4),
184.13 (C-1).

36



Synthesis of 2,3-epoxy-5-hydroxy-2-methyl-1,4-naphthoquinone (34)

To a solution of 31 (50 mg, 0.266 mmol) in EtOH (12.50 mL) was added a solution of
sodium perborate (125 mg, 0.812 mmol) in water (13.50 mL) and stirred at room
temperature for 2 min. The solution was turned to green and then adjusted the pH to 5
using 1M H,SO, . The reaction mixture was further stirred for a few min. and then
extracted with sat. NaCl (10 ml) and diethyl ether (3x10 ml). The organic layer was
dried and concentrated to give a crude of 2,3-epoxy-5-hydroxy-2-methyl-1,4-
naphthoquinone (34) (43 mg). The crude was purified using column chromatography
(silica gel, hexane:ethyl acetate (4:1)) to give compound 34 (44 mg, 37.04 %yield) as
yellow needle (31 mg, 57.13 %yield); mp. 92-94°C (lit.", mp. 95-96°C); 'H-NMR (300

MHz, CDCl,) : 01.73 (s, 3H, 11-H), 3.82 (s, 1H, 3-H), 7.26 (dd, 1H, J=7.95, 1.5 Hz, 6-

H), 7.62 (m, 2H, 7- uaz 8-H), 11.18 (s, 1H, -OH); "C-NMR (75 MHz, CDCl,) : & 14.61

(C-11), 61.26 (C-2), 61.36 (C-3), 114.43 (C-10), 119.82 (C-6), 124.19 (C-8), 132.19 (C-
9), 137.18 (C-7), 161.42 (C-5), 190.81 (C-4), 196.66 (C-1).

Synthesis of 2,3-epoxy-5-methoxy-2-methyl-1,4-naphthoquinone (35)
Following to above procedure, compound 13 (50 mg, 0.245 mmol) was treated with

sodium perborate to give compound 35 (29 mg, 54.72 %yield) as dark yellow needles;

mp. 97-99 °C, 'H-NMR (300 MHz, CDCl,) : 8 1.71 (s, 3H, 11-H), 3.84 (s, 1H, 3-H),

3.96 (s, 3H, -OCH,), 7.27 (d, 1H, J=8.4 Hz, 6-H), 7.61 (m, 2H, 7- and 8-H); ''C-NMR
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(75 MHz, CDCl,) : O 14.42 (C-11), 56.46 (OCHj), 61.47 (C-2), 61.53 (C-3), 117.58 (C-

6), 119.48 (C-8), 120.42 (C-10), 134.27 (C-9), 135.03 (C-7), 158.84 (C-5), 191.24 (C-4),
192.97 (C-1).

Synthesis of 5-allyloxy-2,3-epoxy-2-methyl-1,4-naphthoquinone (36)

Following to above procedure, compound 32 (50 mg, 0.245 mmol) was treated with

sodium perborate to give compound 36 (22 mg, 36.80 %yield) as orange needle; mp.

89-91°C, 'H-NMR (300 MHz, CDCl,) : 8 1.72 (s, 3H, 11-H), 3.83 (s, 1H, 3-H), 4.68 (m,

2H, CH,CHCH,), 5.35 (dd, 1H, J=10.8, 1.2 Hz, CH,CHCH,), 5.54 (dd, 1H, J=17.1, 1.5
Hz, CH,CHCH,), 6.06 (m, 1H, CH,CHCH,), 7.26 (d, 1H, J=2.4 Hz, 6-H), 7.59 (m, 2H,

7- uaz 8-H); "C-NMR (75 MHz, CDCly) : & 14.45 (C-11), 61.51 (C-2), 61.57 (C-3),

69.83 (CH,CHCH,), 118.20 (CH,CHCH,), 119.00 (C-6), 119.62 (C-8), 121.13 (C-10),
131.89 (C-7), 134.27 (C-9), 134.81 (CH,CHCH,), 157.81 (C-5), 190.94 (C-4), 192.98

(C-1); dept 135-NMR (75 MHz, CDCl;) : O 14.46 (C-11), 61.57 (C-3), 69.83

(CH,CHCH,), 118.20 (CH,CHCH,), 119.00 (C-6), 119.62 (C-8), 131.88 (C-7), 134.82
(CH,CHCH,).

Attempted synthesis of 1,5-acetyloxynaphthalene (38)

Method A: A mixture of 1,5-hydroxynaphthalene (0.16 g, 0.001 mol), lodine (0.025 g,

0.0001 mol) and acetic anhydride (1 mL) was refluxed at 65°C for 20 min. Water was
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added and then extracted with dichloromethane (3x15 ml). The combined organic
extract was washed with sat. NaHCO; (2x15 ml), dried and concentrated to give crude
diacetyloxynaphthalene (39) (0.21 g). The crude was purified using column
chromatography (silica gel, hexane:ethyl acetate (4:1)) to give compound 39 (0.15 g,
61.5 %yield) as colorless crystals.

Method B: A mixture of 1,5-hydroxynaphthalene (0.16 g, 0.001 mol), pyridine (0.08 mL)
in dichloromethane (2 ml) was stirred for 10 min. Acetic anhydride (0.09 mL) was
added to the solution and further stirred for 10 min. Water was added and then
extracted with dichloromethane (3x15 ml). The combined organic extract was washed
with  sat. NaHCO; (2x15 ml), dried and concentrated to give crude
diacetyloxynaphthalene (39) (0.21 g). The crude was purified using column
chromatography (silica gel, hexane:ethyl acetate (4:1)) to give compound 39 (0.16 g,

65.5 %yield) as colorless crystals.

1,5-diacetyloxynaphthalene (39) mp. 172-174 °C, 1H-NMR (300 MHz, CDCl,) : 0 2.47

(s, 6H, COCHs), 7.28 (d, 2H, J=7.2 Hz, 2- and 6-H), 7.51 (t, 2H, J=7.8 Hz, 3- and 7-H),
7.79 (d, 2H, J=8.1 Hz, 4- and 8-H)

Synthesis of 5-hydroxy-1,4-naphthoquinone (37)

A mixture of aluminium chloride (6.00 g, 0.045 mol) and sodium chloride (1.2 g, 0.02
mol) was refluxed at 180°C. Maleic anhydride (0.5 g, 5.00 mmol) and phenol (0.5 ml,
5.00 mmol) was slowly added. The temperature was allowed to warm to 60°C and then
added 12N hydrochloric acid (15 mL). The reaction mixture was left stirring for 20 min.
and the dark solid was filtered out. The solid was subjected to column chromatography
(silica gel, hexane:ethyl acetate(1:1)) to give 5-hydroxy-1,4-naphthoquinone (37) (0.21
g, 24.14 % yield) as a yellow solid; mp. 152-153°C (iit.", mp. 155°C); "H-NMR (300

MHz, CDCly) : O 7.22 (d, 1H, 6-H), 7.45 (m, 2H, 7- Uaz 8-H), 7.78 (dd, 2H, J=7.8,1.2

Hz, 2- uaz 3-H), 12.03 (s, 1H, OH).
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Synthesis of 2,3-epoxy-1,4-naphthoquinone (40)
Following the procedure of compound 34, compound 2 (1.00 mg, 6.323 mmol) was

treated with sodium perborate to give compound 40 (0.90 mg, 81.80 %yield) as brown

needles; mp. 127-129°C, 'H-NMR (300 MHz, CDCl,) : 8 4.03 (s, 2H, 2- uaz 3-H), 7.78

(m, 2H, 6- and 7-H), 8.06 (m, 2H, 5- and 8-H): "C-NMR (75 MHz, CDCl,) : & 55.31

(C-2 uaz 3), 127.24 (C-5 and 8), 131.79 (C-9 and 10), 134.74 (C-6,7), 190.73 (C-1,4)
Synthesis of 2,3-epoxy-2-methyl-1,4-naphthoquinone (41)

Following the procedure of compound 34, compound 6 (3.00 g, 0.0174 mol) was
treated with sodium perborate to give compound 41 (2.43 g, 74.32 %yield); as yellow

needles; mp. 99-101°C; '"H-NMR (300 MHz, CDCl,) : & 1.74 (s, 3H, 11-H), 3.87 (s, 1H,

3-H), 7.76 (m, 2H, 6- and 7-H), 7.95 (m, 1H, 5-H), 8.02 (m, 1H, 8-H); ''C-NMR (300

MHz, CDCls) : & 14.67 (C-11), 61.37 (C-2), 61.44 (C-3), 126.78 (C-5), 127.42 (C-8),

131.97 (C-10), 132.08 (C-9), 134.35 (C-6), 134.54 (C-7), 191.75 (C-4), 191.91 (C-1).

Synthesis of 3,5-dihydroxy-2-methyl-1.4-naphthoquinone (42)
2,3-Epoxy-5-hydroxy-2-methyl-1,4-naphthoquinone (34) (50 mg, 0.265 mmol) was
added to 1 M H,SO, (10 mL) and the reaction mixture was stirred for 10 min. Ice-

water (15 mL) was poured into the reaction mixture and the precipitate was filter out to
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give compound 42 (29 mg, 58 %yield) as pale yellow needles; mp. 167-169 °C, 1H-

NMR (300 MHz, CDCl3) : & 2.11 (s, 3H, 11-H), 7.75 (m, 2H, 5- and 8-H), 8.13 (m, 2H,

6- and 7-H), 'C-NMR (300 MHz, CDCl,) : & 8.69 (C-11), 120.55 (C-10), 126.14 (C-5),

126.75 (C-8), 129.43 (C-9), 132.92 (C-6), 134.84 (C-7), 153.17 (C-2), 181,19 (C-3),
185.05 (C-4), 185.81 (C-1); IR (NaCl) 3411 cm” (R-OH)

Synthesis of 2-hydroxy-1.4-naphthoquinone (43)

2,3-Acetyloxy-1.4-naphthoquinone (40) (0.10 g, 0.58 mmol) was added to 1M H,SO,
(10 mL) and the reaction mixture was stirred for 10 min. Ice-water (15 mL) was poured

into the reaction mixture and the precipitate was filter out to give compound 43 (81 mg,

81 %yield), mp. 192-194 °C (lit.”", mp. 195-196 °C), 'H-NMR (300 MHz, CDCl,) : 8

6.37 (s, 1H, 3-H), 7.77 (m, 2H, 5- and 8-H), 8.09 (m, 2H, 6- and 7-H), C-NMR (300

MHz, CDCly) : O 110.72 (C-3), 126.52 (C-5), 126.73 (C-8), 127.32 (C-10), 133.16 (C-6),

134.27 (C-9), 135.30 (C-7), 156.34 (C-2), 181.95 (C-4), 184.97 (C-1); IR (NaCl) 3411
cm” (R-OH).

Synthesis of 2-hydroxy-3-methyl-1,4-naphthoquinone (44)
2,3-Acetyloxy-3-methyl-1.4-naphthoquinone (41) (0.10 g, 0.53 mmol) was added to 1M

H,SO, (10 mL) and the reaction mixture was stirred for 10 min. Ice-water (15 mL) was
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poured into the reaction mixture and the precipitate was filter out to give compound 44

(77 mg, 77 %yield): mp. 167-169 °C. 'H-NMR (300 MHz, CDCl,) : & 2.11 (s, 3H, 11-

H), 7.75 (m, 2H, 5- W&z 8-H), 8.13 (m, 2H, 6- uaz 7-H), 'C-NMR (300 MHz, CDCl,) :

O 8.69 (C-11), 120.55 (C-10), 126.14 (C-5), 126.75 (C-8), 129.43 (C-9), 132.92 (C-6),

134.84 (C-7), 153.17 (C-2), 181,19 (C-3), 185.05 (C-4), 185.81 (C-1); IR (NaCl) 3411
cm” (R-OH)

Synthesis of 2,3,-acetyloxy-5-methoxy-2-methyl-1,4-naphthoquinone (45)

2,3,-Epoxy-5-methoxy-2-methyl-1,4-naphthoquinone (35) (40 mg, 0.183 mmol) was
added to a mixture of acetic anhydride (0.50 mL) and conc. H,SO, (0.02 mL) and
stirred for 10 min. Cool water was added to give white precipitate. The precipitate was

filtered out and washed with diethyl ether to give compound 45 (33 mg, 67.13 %yield)

as a yellow solid; mp. 137-139°C; 'H-NMR (300 MHz, CDCl,) : O 1.49 (s, 3H, 11-H),

2.13 (s, 3H, COCHy), 2.29 (s, 3H, COCHs), 3.96 (s, 3H, -OCHy), 6.55 (s, 1H, 3-H), 7.32
(d, 1H, J=8.1 Hz, 6-H), 7.73 (t, 1H, J=7.8Hz ,7-H), 7.84 (d, 1H, J=7.2 Hz, 8-H); ' C-

NMR (75 MHz, CDCl,) : & 19.26 (C-11), 20.63 (COCH,), 20.88 (COCHs), 56.48 (C-2),

56.58 (C-3), 77.09 (OCHs), 118.18 (C-6), 120.88 (C-8), 122.07 (C-10), 133.98 (C-9),
135.50 (C-7), 158.92 (C-5), 169.64 (COCH;,), 170.05 (COCHj), 187.81 (C-4), 191.89
(C-1)
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Synthesis of 2,3-acetyloxy-5-allyloxy-2-methyl-1,4-naphthoquinone (46)
Following the above procedure, 2,3-epoxy-5-allyloxy-2-methyl-1,4-naphthoquinone (36)
(60 mg, 0.245 mmol) was reacted with acetic anhydride and conc. H,SO, to give the

target compound 46 (84 mg, 59.76 %yield) as a yellow solid; mp. 126-128°C; 1H-NMR

(300 MHz, CDCly) : O 1.52 (s, 3H, 11-H), 2.13 (s, 3H, COCHj), 2.29 (s, 3H, COCHS,),

470 (m, 2H, CH,CHCH,), 5.34 (d, 1H, J=10.5 Hz, CH,CHCH,), 5.54 (d, 1H,
J=17.1,1.5 Hz, CH,CHCH,), 6.06 (m, 1H, CH,CHCH,), 7.26 (d, 1H, J=2,4 Hz, 6-H),
7.59 (m, 2H, 7- and 8-H).

Synthesis of 2,3-acetyloxy-1.4-naphthoquinone (47)
Following the above procedure, 2,3-epoxy-1,4-naphthoquinone (40) (56 mg, 0.275

mmol) was reacted with acetic anhydride and conc. H,SO, to give the target

compound 47 as a colourless solid (72 mg, 85.45 %yield); mp. 177-179 °C; 1H-NMR

(300 MHz,CDCly) : 62.29(s,6H,COCH,), 5.98(s,2H,2-,3-H), 7.87 (m,2H,6-,7-H), 8.16

(m,2H,5-,8-H); "C-NMR (75 MHz, CDCl,) : & 20.53 (COCH;), 74.59 (C-2,3), 127.59 (C-

5,8), 133.47 (C-9,10), 135.38 (C-6,7), 169.67 (COCHj), 188.46 (C-1,4).

Synthesis of 2,3-acetyloxy-2-methyl-[1,4]naphthoquinone (48)
Following the above procedure, 2,3-epoxy-2-methyl-1,4-naphthoquinone (41) (0.2724 g,
1.449 mmol) was reacted with acetic anhydride and conc. H,SO, to give the target

compound 48 as pale yellow needles (0.27 g, 64.57 %yield); mp.113-115°C; 1H-NMR
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(300 MHz, CDCl) : O 1.50 (s, 3H, 11-H), 2.15 (s, 3H, COCHj), 2.31 (s, 3H, COCHy),

6.72 (s, 1H, 3-H), 7.83 (m, 2H, 5- and 8-H), 8.07 (m, 1H, 6-H), 8.23 (m, 1H, 7-H); ' C-

NMR (75 MHz, CDCl) : $19.75 (COCH;), 20.56 (COCHs),, 20.88 (COCH;), 76.23 (C-

3), 82.0 0(C-2), 127.08 (C-10), 128.28 (C-8), 132.17 (C-10), 133.83 (C-9), 135.07 (C-7),
135.13 (C-7), 169.57 (COCHs), 170.07 (COCH,), 189.79 (C-4), 191.50 (C-1).

Synthesis of 2,3,5,-triacetyloxy-2-methyl-1,4-naphthoquinone (49)
Following the above procedure, 2,3-epoxy-5-hydroxy-2-methyl-1,4-naphthoquinone (34)

(50 mg, 0.25 mmol) was reacted with acetic anhydride and conc. H,SO, to give

compound 49 as light brown needles (40 mg, 54 %yield); mp. 156-158°C; 1H-NMR (300

MHz, CDCly) : O 1.49 (s, 3H, 11-H), 2.13 (s, 3H, COCHs), 2.29 (s, 3H, COCHj), 2.39

(s, 3H, COCH,), 6.61 (s, 1H, 3-H), 7.46 (d, 1H, J=8.1 Hz, 6-H), 7.82 (t, 1H, J=7.8 Hz,

7-H), 8.19 (d, 1H, J=7.8 Hz, 8-H); C-NMR (75 MHz, CDCl,) : & 18.39 (C-11), 19.55

(COCHj), 19.79 (COCH;), 21.67 (COCH;), 75.44 (C-3), 80.44 (C-2), 124.92 (C-10),
125.39 (C-8), 129.59 (C-6), 132.72 (C-9), 134.42 (C-7), 148.24 (C-5), 168.39 (COCH,),
168.44 (COCH,), 169.04 (COCH,), 186.41 (C-4), 189.95 (C-1).

Deaceylation of 2,3-acetyloxy-1.4-naphthoquinone

2,3-Acetyloxy-1.4-naphthoquinone (47) (0.170 g, 0.616 mmol) was added to a solution
of 10% NaOH (11.80 mL) with air bobble. The solution was stirred for 10 min. and then

44



acidified using 1M H,SO, to give a red solid. The solid was filtered out, washed with
water and dried in air to give 2-hydroxy-1.4-naphthoquinone (43) (85 mg, 79 %yield);
mp. 192-194 °C.

Deaceylation of 2,3-acetyloxy-2-methyl-1.4-naphthoquinone

Following the above procedure, 2,3-acetyloxy-2-methyl-1.4-naphthoquinone (48)
(0.1028 g, 0.398 mmole) was treated with 10% NaOH to give 2-hydroxy-3-methyl-1,4-
naphthoquinone (44) (57 mg, 74.32 %yield) as a pale solid; mp. 167-169 °.

Synthesis of 3-methylamino-1,4-naphthoquinone (45)

To a solution of 1,4-naphthoquinone (2) (0.1 g, 0.633 mmol) was added a solution of
33% methylamine in ethyl alcohol (25 mL). The reaction mixture was irradiated in
microwave oven for 4 min. (monitor using TLC) The reaction mixture was re-heated for
another 4 min. and then the solvent was evaporated to give a red solid. The solid was
recrystallized in EtOH to give red crystals of 3-methylamino-1,4-naphthoquinone (45)

(90 mg g, 76 %yield) as pale yellow crystals; mp. 246-248 °C, 1H-NMR (300 MHz,

CDCly) : 0 2.29 (s, 3H, 11-H), 3.24 (s, 3H, NHCH,), 7.57 (m, 1H, 6-H), 7.69 (m, 1H, 7-

H), 7.97 (d, 1H, J=1.2 Hz, 5-H), 8.00 (d, 1H, J=1.2 Hz, 8-H).

Synthesis of 2-methyl-3-methylamino-1,4-naphthoquinone (47)

To a solution of 2-methyl-1,4-naphthoquinone (6) (1.0 g, 5.79 mmol) was added a
solution of 33% methylamine in ethyl alcohol (25 mL). The reaction mixture was
irradiated in microwave oven for 4 min. (monitor using TLC) The reaction mixture was
re-heated for another 4 min. and then the solvent was evaporated to give a red solid.
The solid was recrystallized in EtOH to give red crystals of 2-methyl-3-methylamino-1,4-
naphthoquinone (47) (1.01 g, 86 %yield); mp. 128-130°C; "H-NMR (300 MHz, CDCl,) :
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0 2.29 (s, 3H, 11-H), 3.24 (s, 3H, NHCH,), 7.55 (m, 1H, 6-H), 7.69 (m, 1H, 7-H), 8.06

(m, 2H, 5- and 8-H)

Attempted epoxidation of methylamino-1,4-naphthoquinone (46 and 48)

To a solution of 45 or 47 (50 mg, 0.266 mmol) in EtOH (12.50 mL) was added a
solution of sodium perborate (125 mg, 0.812 mmol) in water (13.50 mL) and stirred at
room temperature for 2 min. The solution was turned to green and then adjusted the
pH to 5 using 1M H,SO, . The reaction mixture was further stirred for a few min. and
then extracted with sat. NaCl (10 ml) and diethyl ether (3x10 ml). The organic layer
was dried and concentrated to give crude mixture. The crude was subjected to column
chromatography (silica gel, hexane:ethyl acetate (4:1)), however, to give only the

starting material.

General Procedure for the synthesis of 2-substituted amino-3-bromo-1,4-

naphthoquinones (55a-e)

To a stirred solution of 2,3-dibromo-1,4-naphthoquinone (53) (0.5 g, 1.60 mmol) in
CH,CI, (2 ml) was added a solution of 1°amines (54a-e) (2.08 mmol) in ethanol (2 mL)
and then the reaction mixture was stirred at room temperature for 15 h. The solvent
was evaporated to dryness and the crude solid was further purified using column

chromatography (silica gel, 6:1 Hexane : EtOAc) to obtained the desired products.

Compound 55a (R;= OCHj;, R,= OCH;, R;= OCHj5) obtained as viscous solid (0.34 g,
49% vyield); IR (CH,CI,) : 3429 (NH), 1735 (C=0), 1638 (C=0) cm_1; "H-NMR (300 MHz,
CDCl3) O 2.93 (t, J= 6.6 Hz, 2H, C-CH,), 3.83 (s, 3H, ArOCH,), 3.86 (s, 3H, ArOCH,),
3.93 (s, 3H, ArOCHj3), 4.05-4.13 (m, 2H, N-CHy,), 6.61 (d, J= 8.4 Hz, 1H, H-13), 6.87 (d,
J= 8.4 Hz, 1H, H-12), 7.60 (dt, J= 7.5, 1.2 Hz, 1H, H-6 or H-7), 7.69 (dt, J= 7.5, 1.2 Hz,
1H, H-7 or H-6), 7.99 (d, J= 7.5 Hz, H-8 or H-5), 8.13 (d, J= 7.5 Hz, 1H, H-5 or H-8);
“C-NMR (75 MHz, CDCl3) [ ] 29.9, 45,5, 54.9, 59.8, 89.9, 106.4, 122.8, 123.5, 125.7,
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125.9, 128.9, 131.2, 131.7, 133.7, 133.9, 141.2, 146.1, 150.9, 141.9, 175.4, 179.1; HR-
ESIMS m/z: Calcd. for CyH,BrNOs, 446.0603. Found, 446.0685 (M+H) .

Compound 55b (R;= H, R,= OCHj;, R;= OCH,3) obtained as a red solid (0.61 g, 66%
yield); m.p. 154-158°C; IR (CH,Cl,) : 3423 (NH), 1735 (C=0), 1679 (C=0) cm " 'H-
NMR (300 MHz, CDCl3) & 2.93 (t, J= 6.9 Hz, 2H, C-CH,), 3.85 (s, 3H, ArOCH;), 3.88
(s, 3H, ArOCHj), 4.13 (t, J= 6.9 Hz, 2H, N-CH,), 6.75-6.83 (m, 3H, H-12, H-13, H-16),
7.62 (dd, J= 7.5, 1.5 Hz, 1H, H-6 or H-7), 7.71 (dd, J=7.5, 1.2 Hz, 1H, H-7 or H-6), 8.00
(dd, J= 7.5, 1.5 Hz, 1H, H-8, or H-5), 8.14 (dd, J= 7.5, 1.2 Hz, 1H, H-5 or H-8); " C-
NMR (75 MHz, CDCl,) O 36.6, 46.4, 55.8, 55.9, 111.5, 112.1, 120.9, 126.8, 126.9,
129.8, 130.2x2C, 132.3, 132.4, 134.8, 146.6, 147.9, 149.2, 176.3, 179.9; HR-ESIMS

m/z: Calcd. for CooH,oBINO,, 416.0497. Found, 416.0574 (M+H) .

Compound 55¢ (R;= H, R,, R3= -OCH,0-) obtained as a red solid (0.19 g, 75% vyield);
m.p. 145-148°C, IR (CH,Cl,) : 3414 (NH), 1734 (C=0), 1608 (C=0) cm ; 'H-NMR (300
MHz, CDCl;) & 2.82 (t, J= 7.0 Hz, 2H, C-CH,), 4.00 (apparent g, J= 6.8 Hz, 2H, N-
CH,), 5.84 (s, 2H, OCH,0), 5.97 (brs, 1H, N-H), 6.59-6.68 (m, 3H, H-12, H-13, H-16),
7.53 (t, J= 7.5 Hz, H-6 or H-7), 7.62 (t, J= 7.5 Hz, 1H, H-7 or H-6), 7.90 (d, J= 7.5 Hz,
1H, H-8 or H-5), 8.04 (d, J= 7.5 Hz, 1H, H-5 or H-8); "C-NMR (75 MHz, CDCl;) &
32.8, 45.4, 99.9, 107.5, 108.0, 120.9, 125.8, 126.0, 126.2, 130.3, 130.9, 131.3, 131.4,
131.7, 133.8, 146.5, 146.9, 175.4, 179.0; HR-ESIMS m/z: Calcd. for CigHsBrNO,,
400.0184. Found, 400.0252 (M+H)".

Compound 55d (R= H, R,= OCH,Ph, R;= OCH,3) obtained as viscous solid (0.51 g,
36% yield); IR (CH,Cl,) : 3427 (NH), 1734 (C=0), 1604 (C=0) cm'1; "H-NMR (300 MHz,
CDCl3) O 2.86 (t, J= 6.9 Hz, 2H, C-CH,), 3.86 (s, 3H, ArOCHS,), 4.04 (dt, J=6.9, 6.6 Hz,
1H, N-CH,), 5.15 (s, 2H, O-CH,), 6.06 (brs, 1H, NH), 6.77-6.83 (m, 3H, H-12, H-13, H-
16), 7.24-7.44 (m, 5H, Ar-H), 7.62 (dt, J= 7.5, 1.5 Hz, 1H, H-6 or H-7), 7.71 (dt, J= 7.5,
1.5 Hz, H-7 or H-6), 8.00 (d, J= 7.5 Hz, 1H, H-8 or H-5), 8.14 (d, J= 7.5 Hz, 1H, H-5 or
H-8); “C-NMR (75 MHz, CDCly) O 36.5, 46.3, 56.1, 71.1, 112.2, 114.9, 121.6, 126.8,
127.0, 127.3(x 2C), 127.5, 127.8, 127.9, 128.5 (x2C), 130.1, 132.4, 134.8, 137.0, 146.6,
148.3, 148.7, 149.9, 176.4, 179.3; HR-ESIMS m/z: Calcd. for C,;H,BrNOs, 492.0810.
Found, 492.0909 (M+H) .
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Compound 55e (R= H, R,= OCH3;, R;= H) obtained as a red solid (0.22 g, 60% vyield);
m.p. 137-139 °C; IR (CH,Cl,) : 3427 (NH), 1735 (C=0), 1682 (C=0) cm_1; "H-NMR (300
MHz, CDCl,) O 2.89 (dd, J= 7.2, 6.9 Hz, 2H, C-CH,), 3.72 (s, 3H, ArOCH,), 4.07
(apparent g, J= 6.9 Hz, 2H, N-CH,), 6.04 (brs, 1H, NH), 6.71-6.78 (m, 3H, H-12, H-14,
H-16), 7.15-7.20 (m, 1H, H-13), 7.55 (dt, J=7.5, 0.9 Hz, 1H, H-7 or H-6), 7.64 (dt, J=
7.5, 1.2 Hz, 1H, H-6, or H-7), 7.93 (d, J= 7.5 Hz, 1H, H-5 or H-8), 8.07 (d, J= 7.5 Hz,
1H, H-8 or H-5); “C-NMR (75 MHz, CDCly) O 37.1, 46.2, 55.2, 112.2, 114.6, 121.2,
126.9, 127.0, 128.2, 129.9, 132.4, 134.5, 134.8, 139.3, 142.6, 146.5, 159.9, 176.4,
180.0.

General Procedure for the palladium catalysed cyclization

A mixture of 2-amino-3-bromo-1,4-naphthoquinone derivative (0.12 mmol), Pd(OAc),
(0.012 mmol), PPh; (0.024 mmol) and K,CO; (0.35 mmol) in toluene (1.5 mL) in
pressure tube under Ar was heated at 120 °C for 36 h. Water (20 mL) was added to
the reaction mixture, and then the solution was extracted with EtOAc (2x10 mL). The
organic layer was dried with anh. Na,SO,, evaporated and purified by column

chromatography (Silica gel; 6:1 Hexane: EtOAc) to give the desired product in fair yield.

Compound 56a (R;=OCH,;, R,=OCHj;, R;=0OCH,3) obtained as a viscous purple solid
(7.7 mg, 18% vyield): IR (CH,Cl,) : 3429 (NH), 1733 (C=0), 1635 (C=0) cm ; 'H-NMR
(300 MHz, CDCl3) & 3.12-3.14 (m, 2H, C-CHy), 3.81-3.84 (m, 2H, N-CH,), 3.87 (s, 3H,
ArOCHs) 3.89 (s, 3H, ArOCH;), 3.94 (s, 3H, ArOCH,), 6.57 (brs, 1H, N-H), 6.94 (s, 1H,
H-13), 7.65 (dd, J= 7.6, 1.3 Hz ,1H, H-6 or H-7), 7.77 (dd, J= 7.6, 1.3 Hz, 1H, H-7 or
H-6), 8.09 (d, J=7.6 Hz, 1H, H-8 or H-5), 8.22 (d, J=7.6 Hz, 1H, H-5 or H-8); "C-NMR
(75 MHz, CDCly) O 25.3, 51.9, 56.0, 60.9, 61.6, 112.4, 113.1, 125.9, 126.9, 128.2,
128., 130.2, 132.1, 133.9, 134.8, 141.7, 146.7, 149.6, 150.9, 182.2, 182.3; HR-ESIMS
m/z: Calcd. for CpHyNOs, 366.1341. Found, 366.1415 (M+H) .

compound 57a (R,= OCH,3, R,= OCH3;, R;= OCH,;) obtained as orange solid (13.3 mg,
31% vyield); m.p. 142-145 °C; IR (CH,CI,) : 3388 (NH), 1735 (C=0), 1679 (C=0) cm_1;
"H-NMR (300 MHz, CDCl3) 0 2.93 (dd, J= 6.9, 6.6 Hz, 2H, C-CH,), 3.36 (t, J= 6.9 Hz,
1H, N-CHH), 3.40 (t, J= 6.6 Hz, 1H, N-CHH), 3.85 (s, 3H, ArOCHj;), 3.89 (s, 3H,
ArOCHj), 3.98 (s, 3H, ArOCH3), 5.78 (s, 1H, H-3), 6.33 (brs, 1H, N-H), 6.63 (d, J= 8.4
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Hz, 1H, H-12 or H-13), 6.85 (d, J= 8.4 Hz, 1H, H-13 or H-12), 7.60 (dt, J= 7.5, 1.2 Hz,
1H, H-6 or H-7), 7.71 (dt, J= 7.5, 1.2 Hz, 1H, H-7 w38 H-6), 8.02 (dd, J=7.5, 1.2 Hz,
1H, H-8 or H-5), 8.09 (dd, J=7.5, 1.2 Hz, 1H, H-5 or H-8); "C-NMR (75 MHz, CDCl,) &
28.8, 43.7, 56.0, 60.8, 61.0, 100.7, 107.4, 123.9, 124.3, 126.1, 126.2, 130.6, 131.8,
133.7, 134.6, 142.3, 148.2, 141.9, 152.9, 181.8, 182.9; HR-ESIMS m/z: Calcd. for
Cy:HpoNOs, 368.1498. Found, 368.1579 (M+H)'".

compound 56b (R,= H, R,= OCH3;, R;= OCHj,3) obtained as a viscous red-purple solid,
(11.5 mg, 7.3% yield): IR (CH,Cl,) : 3426 (NH), 1734 (C=0); 1606 (C=0) cm ; 'H-NMR
(300 MHz, CDCl,) O 2.96-3.00 (m, 2H, C-CH,), 3.83-3.87 (m, 2H, N-CH,), 3.90 (s, 3H,
ArOCHs,), 3.91 (s, 3H, ArOCHj), 6.54 (brs, 1H, N-H), 6.61 (s, 1H, H-16), 7.15 (s, 1H, H-
13), 7.63 (dt, J= 7.6, 1.3 Hz, 1H, H-6 or H-7), 7.74 (dt, J= 7.6, 1.3 Hz, 1H, H-7 or H-6),
8.07 (d, J= 7.6 Hz, 1H, H-8 or H-5), 8.20 (d, J= 7.6 Hz, 1H, H-5 or H-8); “C-NMR (75
MHz, CDCl,) 0 34.9, 51.8, 55.9, 56.0, 110.9, 113.3, 116.3, 124.9, 125.9, 126.8, 130.2,
132.0, 133.9, 134.4, 134.7, 143.5, 146.7, 148.6, 182.3, 182.5; HR-ESIMS m/z: Calcd.
for C,oH1sNO,, 336.1236. Found, 336.1301 (M+H)".

Compound 57b (R;= H, R,= OCHj3, R3= OCHj,) obtained as an orange solid (36.8 mg,
28% yield); m.p. 140-142 °C; IR (CH,Cl,) : 3427 (NH), 1733 (C=0), 1605 (C=0) cm’;
"H-NMR (300 MHz, CDCl;) & 2.83 (dd, J= 7.2, 6.9 Hz, 2H, C-CH,), 3.33 (apparent g,
J= 6.9 Hz, 2H, N-CH,), 3.77 (s, 3H, ArOCHj3), 3.78 (s, 3H, ArOCHjs), 5.68 (s, 1H, H-3),
5.91 (brs, 1H, N-H), 6.64-6.75 (m, 3H, H-12, H-13, H-16), 7.50 (dt, J= 7.5, 1.2 Hz, 1H,
H-6 or H-7), 7.61 (dt, J= 7.5, 1.2 Hz, 1H, H-7 or H-6), 7.90 (dd, J= 7.5, 1.2 Hz, 1H, H-8
or H-5), 7.96 (dd, J= 7.5, 1.2 Hz, 1H, H-5 or H-8); “C-NMR (75 MHz, CDCl,) O 33.9,
13.7, 55.9 x 2C, 100.9, 111.8, 120.6, 126.1, 126.2, 130.3, 130.5, 131.9, 133.6, 134.7,
147.7, 148.0, 149.2, 181.7, 182.9; HR-ESIMS m/z: Calcd. for CyHy,NO,, 338.1392.
Found, 338.1456 (M+H).

Compound 56¢ (R= H, R,, Rs= -OCH,0O-) obtained as red purple solid (5 mg, 5%
yield); m.p. 275-279 °C; IR (CH,Cl,) : 3418 (NH), 1734 (C=0), 1606 (C=0) cm_1; "H-
NMR (300 MHz, CDCl,) O 2.94-2.98 (t, 2H, C-CH,), 3.83-3.90 (m, 2H, N-CH,), 5.99 (s,
2H, OCH,0), 6.51 (brs, 1H, N-H), 6.62 (s, 1H, H-16), 7.05 (s, 1H, H-13), 7.65 (dt, J=
7.5, 1.3 Hz, 1H, H-6 or H-7), 7.77 (dt, J= 7.5, 1.3 Hz, 1H, H-7 or H-6), 8.08 (dd, H=

7.5, 1.3 Hz, 1H, H-8 or H-5), 8.21 (dd, J= 7.5, 1.3 Hz, 1H, H-5 or H-8); "C-NMR (75
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MHz, CDCl;) O 33.8, 50.9, 100.1, 106.9, 107.4, 111.9, 112.5, 125.0, 125.9, 129.2,
131.1, 132.9, 133.8, 134.6, 142.4, 144.9, 146.3, 180.1, 181.3; HR-ESIMS m/z: Calcd.
for C1oH14NO,, 320.0923. Found, 320.0984 (M+H).

Compound 57¢ (R;= H, R,, R3= -OCH,0-) obtained as an orange solid (27.5 mg, 26%

A1

yield); m.p. 150-153 °C; IR (CH,Cl,) : 3391 (NH), 1732 (C=0), 1609 (C=0) cm ; H-
NMR (300 MHz, CDCl,) O 2.78 (t, J= 7.0 Hz, 1H, C-CH,), 3.30 (apparent g, J=7.0 Hz,
2H, N-CH,), 5.66 (s, 1H, H-3), 5.82 (s, 2H, OCH,0), 5.93 (brs, 1H, N-H), 6.55-6.59 (m,
2H, H-13 or H-16), 6.65 (d, J= 7.8 Hz, 1H, H-12), 7.49 (dt, J= 7.5, 1.2 Hz, 1H, H-6 or
H-7), 7.61 (dt, J= 7.5, 1.2 Hz, 1H, H-7 or H-6), 7.89 (dd, J= 7.5, 1.2 Hz, 1H, H-8 or H-
5), 7.98 (dd, J=7.5, 1.2 Hz, 1H, H-5 or H-8); 'C-NMR (75 MHz, CDCl,) O 32.9, 42.7,
99.5, 99.9, 107.4, 108.0, 120.6, 125.1, 125.2, 129.4, 130.5, 130.9, 132.5, 133.7, 145.5,
146.7, 146.9, 180.7, 181.9; HR-ESIMS m/z: Calcd. for CgH:sNO,, 322.1079. Found,

322.1148 (M+H)'".

Compound 56d (R,= H, R,= OCH,Ph, R;= OCHj,) obtained as red purple solid (18 mg,
14% yield); m.p. 194-196 °C; IR (CH,CI,) : 3429 (NH), 1735 (C=0), 1635 (C=0) cm-1;
"H-NMR (300 MHz, CDCl;) O 2.88-2.92 (m, 2H, C-CH,), 3.79-3.82 (m, 2H, N-CH,),
3.91 (s, 3H, ArOCHs3), 5.76 (s, 2H, OCH,), 6.52 (brs, 1H, N-H), 6.62 (s, 1H, H-16), 7.17
(s, 1H, H-13), 7.30-7.34 (m, 5H, Ar-H), 7.63 (t, J= 7.5 Hz, 1H, H-6 or H-7), 7.75 (t, J=
7.5 Hz, 1H, H-7 or H-6), 8.06 (d, J=7.5 Hz, 1H, H-8 or H-5), 8.20 (d, J=7.5 Hz, 1H, H-5
or H-8); “C-NMR (75 MHz, CDCl5) O 33.7, 50.7, 55.2, 70.0, 112.2, 112.6, 115.9, 124.5,
124.9, 125.8, 162.2(x2C), 126.8, 127.5(x2C), 129.2, 130.9, 132.9, 133.3, 133.7, 136.1,
142.5, 146.4, 146.8, 181.3, 181.4; HR-ESIMS m/z: Calcd. for CyH,,NO,, 412.1549.
Found, 412.1634 (M+H).

Compound 57d (R;= H, R,= OCH,Ph, R;= OCHj3) obtained as red purple solid (30 mg,
23% yield); m.p. 136-138 °C; IR (CH,CI,) : 3391 (NH), 1733 (C=0), 1609 (C=0) cm'1;
"H-NMR (300 MHz, CDCl) O 2.85 (dd, J= 7.2, 6.9 Hz, 1H, C-CH,), 33.4 (dt, J= 6.9, 6.6
Hz, 1H, N-CH,), 3.87 (s, 3H, ArOCH,), 5.14 (s, 2H, O-CH,), 5.74 (s, 1H, H-3), 5.91
(brs, 1H, N-H), 6.74-6.78 (m, 2H, H-13 or H-16), 6.85 (d, J= 8.1 Hz, 1H, H-12), 7.25-
7.28 (dt, J= 8.1, 1.2 Hz, 5H, Ar-H), 7.34 (dt, J= 7.5, 1.2 Hz, 1H, H-6 or H-7), 7.71 (dt,
J=17.5,1.2 Hz, 1H, H-7 or H-6), 8.00 (d, J= 7.5 Hz, H-8 or H-5), 8.10 (s, J= 7.5 Hz, 1H,
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H-5 or H-8); "C-NMR (75 MHz, CDCl;) O 33.7, 43.6, 53.4, 71.2, 100.9, 112.2, 114.7,
121.4, 126.4, 126.2, 127.3 (x2C), 127.9, 128.5 (x2C), 130.2, 130.5, 132.0, 133.6, 134.8,
137.0, 147.7, 148.4, 148.8, 181.7, 182.9; HR-ESIMS m/z: Calcd. for C,,H,,NO,, 414.1705. Found,
4141787 (M+H)".

General Procedure for the nucleophilic substitution of naphthoquinones (59a-d).
To a solution of naphthoquinones (1 equiv.) in DCM (1 mL) was added a solution of
tryptamine (1.2 equiv.) in EtOH (3 mL) at room temperature under argon. The mixture
was irradiated in microwave reactor at 850 W for 4 min. and then cooled. The mixture
was concentrated in vacuo, and the residue was purified by column chromatography
(silica gel, hexane: EtOAc (4:1) to give the substituted amino- naphthoquinones in

moderate to high yields.

2-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (59a)

According to the general procedure; treatment of 1,4-naphthoquinone (50 mg, 0.32
mmol) in DCM (0.5mL) with tryptamine (58a) (61 mg, 0.38 mmol) in EtOH (3 mL) gave
3a as a red solid (40 mg, 40 %), mp 184-185 0C; IR (CH,Cl,) [ . 1509, 1575, 1609,

1678, 3382, 3469 cm ; 'H-NMR (CDCly) O 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, J=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 (br s, 1H); "C-NMR (CDCly) O 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,oH;;N,0,: 317.1285, found: 317.1251.

2-(5-methoxy-H-indol-3-yl)ethylamino-1,4-naphthoquinone (59b)
According to the general procedure; treatment of 1,4-naphthoquinone (50 mg, 0.316

mmol) in DCM (0.5 mL) with 5-methoxy-tryptamine (58b) (72 mg, 0.379 mmol) in EtOH
(3 mL) gave 3b (42 mg, 38 %), mp 158-160 DC; IR (CH,Cly) Vay: 1509, 1575, 1609,

1678, 3381, 3469 cm ; 'H-NMR (CDCly) O 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);
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"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,oN,O5: 347.1390, found: 347.1383

2-bromo-3-(1H-indol-3-yl)ethylamino-1,4-naphthoquinone (59c)

According to the general procedure; treatment of 2,3-dibromo-1,4-naphthoquinone (120
mg, 0.380 mmol) in DCM (1 mL) with tryptamine (58a) (73 mg, 0.456 mmol) in EtOH (4
mL) gave 3¢ (135 mg, 89 %), mp 155-156 “C; IR (CH,Cl,) [ . 1515, 1574, 1680,
3333, 3469 cm'1; "H-NMR (CDCl3) O 3.15 (t, J=6.7 Hz, 2H), 4.22 (g, 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, J=7.5 Hz, 1H), 8.12 (d, J=7.7 Hz, 1H), 8.18 (br s, 1H). “C-NMR (DMSO)
O 238, 45.4, 109.8, 111.4, 111.8, 118.9, 121.5, 123.7, 126.1, 126.4, 127.0, 127.9,
130.4, 132.1, 133.0, 135.2, 136.7, 148.3, 175.6, 180.3; HRES-MS m/z cald for [M+H]+
CyoH16BrN,0O,: 395.0390, found: 395.0428.

2-bromo-3-(5-methoxy-H-indol-3-yl)ethylamino-1,4-naphthoquinone (59d)

According to the general procedure; treatment of 2,3-dibromo-1,4-naphthoquinone (50
mg, 0.158 mmol) in DCM (0.5 mL) with 5-methoxy-tryptamine (58b) (36 mg, 0.190
mmol) in EtOH (3 mL) gave 59d (50 mg, 75 %), mp 155-156 °C; IR (CH,Cly) Vmax:
1556, 1572, 1602, 1680, 3336, 3470 cm'1; "H-NMR (CDCl3) O 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) c-
NMR (DMSO) O 27.2, 45.2, 55.7, 100.5, 110.7, 110.8, 111.7, 112.4, 124.2, 126.4,
126.8, 127.8, 130.2, 131.9, 132.2, 132.7, 135.0, 148.1, 153.5, 175.5, 180.2; HRES-MS
m/z cald for [M+H]+ C,1HgBrN,O4: 425.0495, found: 425.0561.

General Procedure for Palladium Cyclisation.
A mixture of substituted aminonaphthoquinone (59a-d) (1 equiv), palladium acetate
(Pd(OACc),) (0.10 equiv), triphenylphosphine (P(Ph)s) (0.2 equiv), and K,CO; (3 equiv) in

dry DMF (4 mL) was irradiate in the modified domestic microwave reactor at 850W for
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6 minutes under an Ar atmosphere. After cooling, the DMF was evaporated, and then
EtOAc (15 mL) was added and washed with water several times. The EtOAc layer was
washed with brine, dried, evaporated and subjected to flash column chromatography

(silica gel, 4:1 Hexane:EtOAc)

1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-dione (60a)
According the general procedure, treatment of 59¢ (46 mg, 0.12 mmol), Pd(OAc), (3
mg, 0.012 mmol), P(Ph); (7 mg, 0.024 mmol) and K,CO; (48 mg, 0.35 mmol) in DMF
(4.0 ml) gave 60a (35 mg, 94%) as a blue solid, mp 218-219 °C; IR (CHLClL) Vimax:
1519, 1566, 1599, 1630, 1668, 3347 cm'1; "H-NMR (CDCl3) O 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), 7.31
(d, J=8.0 Hz, 1H), 7.40 (d, J=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 (CDCly) O 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,HsN,O5: 315.1128, found: 315.1032

13-Methoxy-1,5,6,7,8,14b-hexahydro-naphtho[2,3-d]-azepino[4,5-b]indole-9,14-
dione (60b)

According the general procedure, treatment of 59d (50 mg, 0.12 mmol), Pd(OAc), (3
mg, 0.012 mmol), P(Ph); (7 mg, 0.024 mmol) and K,CO3 (48 mg, 0.35 mmol) in DMF
(4.0 ml) gave 60b (20 mg, 49%) as a blue solid, mp 233-235 OC; "H-NMR (CDCly) O
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 (CDCl;) O
27.3, 45.1, 56.5, 104.7, 1111, 114.5, 116.1, 117.5, 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]+
Cy1H17N,03: 345.1234, found: 345.1213
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