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 1,4-naphthoquinone  (5-
hydroxy-2-methyl-1,4-naphthoquinone),  K3 (2-methyl-1,4-naphthoquinone) 

 3  1 
 oxidizing agents  ZnO, CrO3, SeO2

 methylnaphthalene 
SeO2  2 
nucleophilic substitutions   2-methyl-1,4-naphthoquinone  methylamine 

 37% formaldehyde   6 
 5-methoxy-2-methyl-1,4-naphthoquinone 

 3 
 palladium-catalysed intermolecular cyclisation  

 electron 
delocalization

 intramolecular cyclisation   2-amino-3-bromo-1,4-naphthoquinone (133a-
133e)  (134a-134d)

 (135a-135d)   
 filter paper disc method Bacillus cereus

Micrococcus luteus
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KEY WORDS : HETEROCYCLIC NAPHTHOQUINONE/ HECK COUPLING/ NUCLEOPHILIC            
                         SUBSTITUTION/ PALLADIUM-CATALYZED INTRAMOLECULAR 
                         CYCLISATION/ FILTER PAPER DISC METHOD 
   GADESIRIN EAKSINITKUN : SYNTHESIS OF HETEROCYCLIC NAPHTHO          
QUINONE. THESIS ADVISOR : WAYA  PHUTDHAWONG, Ph.D., 113 pp. 

In this study, the synthesis of heterocyclic naphthoquinones has been carried out 
using 1,4-naphthoquinone and its derivatives such as plumbagin (5-hydroxy-2-methyl-1,4-
naphthoquinone), vitamin K3 (2-methyl-1,4-naphthoquinone) as starting materials. The project 
was divided into 3 parts. Firstly, plumbagin was used as a starting material. The conversion of 
the methyl group of plumbagin to a carboxyl group using various oxidizing agents such as 
CrO3, SeO2 and ZnO was unsuccessful. Oxidation of methylnaphthalene with SeO2 afforded a 
very poor yield of the desired product. Secondly, naphthoquinone derivatives were used as 
starting materials for the nucleophilic substitution reactions. The reaction of 2-methyl-1,4-
naphoquinone with excess methylamine and 37% formaldehyde gave 6-membered ring 
heterocyclic naphthoquinone as reported previously. However, attempts to use 5-methoxy-2-
methyl-1,4-naphthoquinone as a starting material under the same conditions was also 
unsuccessful. Finally, palladium-catalysed intermolecular cyclisation using the Heck coupling 
was then tried. Attempted cyclisation on several amides was unsuccessful. It was found that 
naphthoquinone under basic condition induced electron delocalization in the molecule and 
also breaking of the amide bond. Thus, The condition did not result in a coupling of the two 
molecules. Subsequently it was found that intramolecular cyclisation of 2-amino-3-
bromonaphthoquinones (133a-133e) gave the corresponding seven-membered ring 
naphthoquinones (134a-134d) in low yields and the reduced products (135a-135d). Using the 
filter paper disc method, naphthoquinones derivatives (133-135) were found to possess 
moderate activity against Bacillus cereus and Micrococcus luteus.
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 naphthoquinones 

,  (fungi), 

 antifungal activity, antibacterial activity, anticancer activity, anti-proliferative 

activity , antiplatelet activity, anti-inflammatory activity, antimalarial activity  enzyme 

inhibition
1-7 

 naphtho- 

quinones  plumbagin, juglone   menadione (  K3)

 naphthoquinones 

 dihydrolindbladione, cribrarione A, eleutherinone

O

O

CH3

OH

O

OOH

O

O

CH3

plumbagin juglone menadione  
(Vitamin K3)

O

O

OH

OH

HO

HO

O

dihydrolindbladione

O

O

OCH3O

HO

OH

OH

cribrarione A

O

H3CO O

O

CH3

eleutherinone

Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone)

 Plumbaginaceae 

, , ,

 (antibacterial 

1



2

activity)  (antifungal activity)
8-9

,  (anticancer activity)  

10
,  (antimalarial activity)

11

 (Plumbagin) 

-

-

 2.5  1 

-

 1-2  2 -

 1/4 

7

6
5

8

4 3

2
1

O

O

CH3

OH

 1  plumbagin 

 (genotoxic) 

 (mutagenic)
12

 (superoxide)
13

 (biomolecules) 

 (mucous membrane) 

Juglone (5-hydroxy-1,4-naphthoquinone)

 Black walnut (Juglans nigra),

European walnut (Juglans regia), buttemut (Juglans cinerea)
14-15

  Juglone 

,  (anticancer activity),  

 (antibacterial activity),  (antifungal activity) 



3

 walnut 

7

6
5

8

4 3

21

O

OOH

 2  juglone 

Menadione (2-methyl-1,4-naphthoquinone)

 (Vitamin K3)
16-17

  menadione 

menadione

7

6

5

8

4 3

2
1

O

O

CH3

 3  menadione 

 3 

-  (Phylloquinone, K1)

-  (Menaquinone, K2)  K1  K2

 K2  75  K1

-  (Menadione, K3)

3  K1

 (Prothrombin), 

 (Phosphorylation)  
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 naphthoquinones 

 naphthoquinones 

. . 2003  Ishibashi, M. 

18
 2-hydroxy-3-alkyl substituted naphthoquinones  3 

 6,7–dimethoxydihydrolindbladione (1), dihydrolindbladione (2), 6-methoxydihydro 

lindbladione (3)  Myxomycete Lindbladia tubulina

 antifungal activity, antibacterial activity, anticancer 

activity, insecticidal   Lindbladione (4)

  Lindbladione (4)  Myxomycete 

 Lindbladia tubulina
19
, Cribraria intricate

20

O

O

OH

OH

HO

HO

O

O

O

OH

OH

R2

R1

O

(1)  R1 = OCH3 , R2 = OCH3

(2)  R1 = OH     , R2 = OH

(3) R1 = OH   , R2 = OCH3

(4)  lindbladione

 4  2-hydroxy-3-alkyl substituted  naphthoquinones 

Cribrarione A   dihydrofuranonaphthoquinone 

 Myxomycete Cribraria purpurea  (antimicrobial 

activity) Bacillus subtilis
 21

O

O

OCH3O

HO

OH

OH

 5  cribrarione A 



5

Eleutherinone (5) (8-methoxy-1-methyl-1,3-dihydro-naphtho(2,3,c)furan-4,9-

dione)  naphthoquinone Eleutherine bulbosa

(Miller), Iridaceae
22

 eleutherol (6),

eleutherin (7)  isoeleutherin (8)  naphthoquinones 

Cladosporium sphaerospermum  (strong antifungal activity, 100 

µg/spot)  eleutherol (6)

O

H3CO O

O

CH3

1

34

9

5

8

O

H3CO OH

1

3
5

8

O

H3CO O

O

4

9

5

8

O

R2

R1

eleutherinone (5) eleutherol (6) eleutherin (7),  R1 = H, R2 = CH3

isoeleutherin (8), R1 = CH3, R2 = H

 6 Eleutherine bulbosa

Ozgen, U. 
23

 naphthoquinone 

   5,8-O-dimethyl acetyl shikonin (9)  naphthoquinones  

 3  deoxyshikonin (10), acetyl shikonin (11), 3-hydroxyl-isovaleryl 

shikonin (12) Onosma argentatum Hab.- Mor. (Boraginaceae)  

 (antimicrobial activity)  (high 

antioxidant activity) 

O

O

OH

OH

1'

2'

3' 5'

6'

6

7

O

O

O

O

1'

2'

3' 5'

6'

6

7

O

O

1"
2"

5, 8-O-dimethyl acetyl shikonin (9) deoxyshikonin (10)

H3C

H3C

 7 Onosma argentatum



6

O

O

OH

OH

1'

2'

3' 5'

6'

6

7

O

O

1"
2"

O

O

OH

OH

1'

2'

3' 5'

6'

6

7

O

O

1"

2"
OH

4"

5"

3- hydroxy- isovaleryl shikonin (12)acetyl shikonin (11)

 7( ) Onosma argentatum

Newbouldiaquinone (13)  naphthoquinone-anthraquinone 

newbouldiamide (14) Newbouldia laevis
24

 lapachol (15), 2-methyl-9,10-anthracenedione, 2-acetylfuro-

1,4-naphthoquinone  2,3-dimethoxy-1,4-benzoquinone   newbouldiaquinone (13)

 Bacillus megaterium (moderately antibac- 

terial activity) 

HN

O

OH

OH OH

HO

14

11

O

O

OH

O

O

H3C

O

O

OH

newbouldiaqunone (13) lapachol (15)newbouldiamide (14)

 8 Newbouldia laevis

 naphthoquinone  5,7-dihydroxy-

2-[1-(4-methoxy-6-oxo-6H-pyran-2-yl)-2-phenylethylamino]-[1,4]naphthaquinone

 marine brown alga Colpomenia sinuosa

Candida albicans  (inhibitory zone 10 mm , 20 µg/well (6mm))
25



7

O

OCH3

O

HN O

O
OH

OH

4'

6'

3

4a

8a

6
7

2'
1"

3"

5"

5, 7-dihydroxy- 2-[1-(4-methoxy-6-oxo-6H-pyran-2-yl)-
2-phenylethylamino]-[1,4]-naphthoquinone

 9  Colpomenia sinuosa

. . 2008  anthra- 

quinones 2  2-hydroxymethyl-1-methoxy-9,10-anthraquinone (16)  1,3-dihy- 

droxy-5,6-dimethoxy-2-methoxymethyl-9,10-anthraquinone (17)

tectoquinone (18), 1-hydroxy-2-methyl-9,10-anthraquinone (19), nordamnacanthal (20),

1,3-dihydroxy-5,6-dimethoxy-2-methyl-9,10-anthraquinone (21)

 (Prismatomeris malayama, Rubiaceae)
26

R1

R2

R3

O

OR4

R5

1
2

3

4
4a

8a
9

10
5

6

7

8

          R1           R2          R3      R4       R5

(18)    H            CH3        H       H         H

(19)   OH          CH3        H       H         H

(20)   OH          CHO      OH     H         H

(21)   OH          CH3       OH   OCH3   OCH3

           R1            R2        R3      R4       R5

(16)   OCH3   CH2OH      H       H         H

(17)   OH     CH2OCH3   OH   OCH3  OCH3

 10  anthraquinones Prismatomeris malayama
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 naphthoquinone   naphtho- 

quinones

. . 2001 Ferreira, V. F 
27

 3-

hydrazino-naphthoquinones (22a-e)  lapachol (15)

 lawsone (23)  nitrosation  nitroso-quinone (24) (90% yield) 

 (25) (45-50% yield)   diazotisa- 

tion  3-diazo-naphthalene-1,2,4-trione (26)  1,3-dicarbonyl 

enolates (27)  hydrazine-1,4-naphthoquinones (22a-e)

 3-hydroxy-2-hydrazino-1,4-

naphthoquinone derivative (22e) Staphylococcus

aureus  2  lapachol (15)

O

O

OH

O

O

OH

O

O

OH

NO NH2

O

O

O

N2

+

C

C

O

O

R1

R2

(23) (24) (25)

(26) (27)

O

O

OH

N
H

N

O

R1

O R2

(22a)  R1 = R2 = CH3, (58%)                     

(22b)  R1 = CH3, R2 = OCH2CH3, (55%)     

(22c)  R1 = CH3, R2 = Ot-Bu, (68%)

(22d)  R1 = R2 = OC(CH3)2O, (58%)

(22e)  R1 = R2 = OCH2CH3, (55%)

NaNO2, HCl, 

     0-5oC

NaBH4,

MeOH

NaNO2/ HCl

K2CO3,

acetone

 11  hydrazino-naphthoquinone derivatives 

. . 2005  Tandon, V. K. 
28

 (antibacterial activity)

  (antifungal activity)  (L)- -amino acid methyl ester, heteroalkyl 



9

aryl substituted 1,4-naphthoquinone derivatives (28-30)

2-bromo-1,4-naphthoquinone derivatives (31a-b)  (L)- -amino acid methyl 

ester hydrochlorides (32)  (S)-N-(1,4-naphthoquinone-2-yl)- -amino acid 

methyl ester (28, 30)  [(2,3-d)thiazol-o-1’,3’-imidazolyl]-1,4-naphthoqui- 

none (29)  2-bromo-1,4-naphthoquinone (31b)  2-mercapto- 

benzimidazole

-  (S)-N-(1,4-naphthoquinon-2-yl)- -amino acid methyl ester (28)

Candida albicans, Cryptococcus neoformans Sporothrix

schenckii (MIC=12.5 µg/ml)  

- [(2,3-d)thiazol-o-1’,3’-imidazolyl]-1,4-naphthoquinone (29)

Candida albicans, Sporothrix schenckii (MIC= <12.5 µg/ml)

-  (S)-N-(1,4-naphthoquinon-2-yl)- -amino acid methyl ester (30)

Streptococus faecalis, Escherichia coli, Klebsiclla 

pneumoniae Staphylococcus aureus (MIC= 6.25-12.5 µg/ml)

O

O

Br

R1

(31a)  R1 = OH

(31b)  R1 = H

ClH3NCHCOOCH3 (32)

            EtOH

R2 O

O

H
N R2

R1

COOCH3

(28)  R1 = OH, R2 = CH2CH2SCH3, (81%)

(30)  R1 = H, R2 = CH2CH(CH3)CH3, (60-85%)

O

O

Br 2-mercaptobenzimidazole

          EtOH, 100oC

O

O

N

S

N

(29) (78%)(31b)

 12  (L)- -amino acid methyl ester, heteroalkyl aryl

           substituted 1,4-naphthoquinone derivatives (28-30)
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 Bukelskiene, V. 
29

 2-amino-1,4-naphthoquinone derivertives (32a-e) -

  2-amino ethyl function  terminal bromo (32a)  hydroxyl group (32c)

 (antiproliferative activity)  40%  K3

O

O

H
N

(32a)  R =  -(CH2)2Br     (32d)  R =  -(CH2)2Cl

(32b)  R =  -(CH2)3Br     (32e)  R =  -(CH2)2SH

(32c)  R =  -(CH2)2OH

R

O

O

CH3

Vitamin K3

 13  2-aminonaphthoquinone derivertives (32a-e)

. . 1982   prenylated 

naphthoquinones  streptocarpone (33), -dunnione (34), dunniol (35)

dunnione (36) Streptocarpus dunnii   

 Perez, A. L. 
30  

streptocarpone (33)  (+)- -dunnione (34)

lawsone (23)  furano enol ether (37)  copper catalyzed 

propagylation   hydrolysis  enol ether  streptocarpone 

(33)  hydrogenation  enol ether  (+)- -dunnione (34)

O

O

OH

CH3

O

H3C CH3

O

O

O
CH3

H3C
CH3

streptocarpone (33) dunnione (34)
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O

O

OH

H3C CH3

O

O

O
CH3

H3C CH3

streptocarpone (33) (+)- dunnione (34)enol ether (37)

O

O

O

H3C CH3

4% H2SO4

    (7%)

H2 cat.PtO2

    tBuOH,

  (45-50%)

O

O

OH

+
H3C CH3

Cl Cs2CO3, CsI, cat. CuI

   DMF, 24hrs., 60%

O

O

O

H3C CH3

lawsone (23) enol ether (37)

O

O

O

CH3

CH3

dunniol (35) dunnione (36)

O

O

OH

CH3

O

H3C CH3

 14  streptocarpone (33)  (+)- -dunnione (34)

Bolognesi, M. L. 
31

 2-phenoxy-

1,4-anthraquinones (38-39)  2-phenoxy-1,4-napthoquinones (40)

 (anti-trypanosomal activity)  

38 Trypanosoma brucei rhodesiense (IC50 = 50 nM), 39

Leishmania donovani (IC50 = 0.28 µM) 40

Trypanosoma cruzi (IC50= 1.26 µM) 

 2-bromoquinone 

(41a-b)  phenoxides (42a-b)  2-phenoxy-1,4-anthraquinones (38-39)

 2-phenoxy-1,4-naphthoquinone (40)
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O

O

O

O

O

OR1

R2

(38)  R1 = R2 = H

(39)  R1 = R2 = F

(40)

Br

O

O

Ar +

OH

K2CO3

  DMF

O

O

O

Ar

(38)  R1 = R2 = H  fused benzene ring

(39)  R1 = R2 = F  fused benzene ring

(40)  R1 = R2 = H

R1

R2

R1

R2

(41a)  1,4-anthraquinone

(41b)  1,4-naphthoquinone

(42a)  R1 = R2 = H 

(42b)  R1 = R2 = F

 15  2-phenoxy-1,4-anthraquinones (38-39)  2-phenoxy-

           1,4-naphthoquinone (40)

Tandon, V. K. 
32

 (1,4)-naphthoquinon-[3,2-c]-1H-

pyrazoles

 1,4-naphthoquinone derivatives (43, 44)

Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 

Streptococcus faecalis (MIC= 6.25-25 µg/ml)  1,4-naphthoquinone 

derivatives (46, 47a-b) Escherichia coli, Klebsiella pneumo- 

niae (MIC= 12.5-25 µg/ml)   (43)

Candida albicans Cryptococcus neoformans (MIC= 6.25 µg/ml)

 1,4-naphthoquinone (45)  condensation 

 diazomethane  pyrazoles (43)  (44)  48%  47% yield

 pyrazoles (44)  substituted hydrazine 

primary amine  (1,4)-naphthoquinon-[3,2-c]-1H-pyrazole-3-carboxylic acid 

hydrazide (46) (94% yield)  (1,4)-naphthoquinon-[3,2-c]-1H-pyrazole-3-carboxylic

acid amides (47a-b) (75% yield) 
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O

O

N2CHCOOEt

   benzene N
H

O

O

N

OEt
O

H

H
N
H

OH

OH

N

OEt
O

+

N
H

O

O

N

OEt
O

(43) (44)

N
H

O

O

N

OEt
O

H2N-R1

 EtOH
N
H

O

O

N

NH
O

R1

(44) (47a)  R1= CH2-CH=CH2

(47b)  R1= CH2-CH2OH

N
H

O

O

N

NH
O

HN Ph

(46)

H2N-NH-Ph

    EtOH

(45)

 16  (1,4)-naphthoquinon-[3,2-c]-1H-pyrazoles

Kobayashi, K. 
33 

 1H-

naphtho[2,3,c]pyran-5,10-dione  (+)-eleutherin

(51)  (+)-isoeleutherin (52)

Eleutherin bulbosa  (antibiotic)  

 (hydroxyalkyl)-naphthoquinone (48)  imine 

(49)  conjugate addition  imine (49)  3  (hydroxyalkyl)-

naphthoquinone (48)  iminium intermediate   intramolecular 

cyclisation  imine elimination  1H-naphtho[2,3,c] pyran-5,10-

dione derivative (50) (one pot reaction)  triethylsilane 

 (+)-eleutherin (51)  (+)-isoeleutherin (52)  (56% yield, 51:52 = 1:8) 
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H3CO O

O

OH

CH3

+

H3C CH3

N
i-Pr toluene,

  Ar, rt

H3CO O

O

O

CH3

CH3

EtSiH, THF

H3CO O

O

O

R2

R1

eleutherin (51),  R1 = H, R2 = CH3

isoeleutherin (52), R1 = CH3, R2 = H

(48) (49) (50)

 17   (+)-eleutherine (51)  (+)-isoeleutherin (52)

Kinamycin (53) N-cyanoindoloquinone  

. . 1970 Streptomyces murayamaensis

 (strongly active antibacterial) 

 (antitumor activity)   Prekinamycin (54) N-

cyanoindoloquinone  

 indoloquinone     Knolker, 

H. J. 
34

 hydroxy-substitued 5-cyano-5H-benzo[b]carbo-

zole-6,11-diones  5 

nucleophillic addition  arylamine (56)  1,4-naphthoquinone derivatives (45, 55)

 palladium(II)-promoted oxidative coupling 

 benzo[b] carbozoloquinones (58a-b) N-cyanation  cyanogen 

bromide  chemoselective ether cleavage  pyridine hydrochloride 

N-cyanoindoloquinone  derivatives (60a-b)
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O

OOH

N

CN

R4O

OR2

OR1

OR3

CH3
O

OOH

N

CN

HO

CH3

kinamycin (53) prekinamycin (54)

O

OR1

+

CH3

OCH3

NH2

C2H5OH

reflux, 4d

O

OR1

N

OCH3

CH3

(45)  R1 = H

(55)  R1 = OCH3

(56)

(58a)  R1 = H, (84%)

(58b)  R1 = OCH3, (59%)

Pd(OAc)2, HOAc

       reflux

H

(57a)  R1 = H, (61%)

(57b)  R1 = OCH3 , (23%)

5eq.BrCN, 2eq. Et3N,

0.3eq.DMAP,CH2Cl2,

O

OR1

N

CH3

OCH3

H

O

OR1

N

CH3

OCH3

CN

pyridine.HCl

200oC,25 min

O

OR1

N

CH3

OH

CN

(59a)  R1 = H, (97%)

(59b)  R1 = OCH3, (87%)

(60a)  R1 = H, (67%)

(60b)  R1 = OCH3, (13%)

 18  hydroxy-substitued 5-cyano-5H-benzo[b]carbozole-6,11-diones 
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Calothrixin B Calothrix cyanobacteria

 indolo[3,2-j]phenanthridine pentacyclic ring system

 human HeLa cell lines  (EC50 = 0.25 µM)  

. . 2006 Bernado, P. H. 
35

Calothrixin B    

 Calothrixin B

 aniline (63)  nucleophillic substitution 

 1,4-naphthoquinone derivatives (64a-b)  1,4-benzoquinones (65a-b)

 palladium(II)catalysed cyclisation  carbozole 

diones (61a-b, 62a-c)   indolophenanthrene- 

dione (61a)  benzocarbazoledione (61b)

 human HeLa cell lines  calothrixin B (EC50 = 1.5 µM, 1.8 

µM )

NH2

+

R2

R1

O

O

R2

R1

O

O

N

H

Reagent ; (A)  H2O-AcOH, (49-62%)

                 (B)  1eq. Pd(OAc)2, glacial AcOH, 

                       reflux, (18-62%)

(63) (65a)  R1 = R2 = H

(65b)  R1 = CH3, R2 = H

R2

R1

O

O

N
H

(62a)  R1 = R2 = H

(62b)  R1 = CH3, R2 = H

(62c)  R1 =  H, R2 = CH3

NH2

+

O

O

N

H

(63) (64a)  R1 = R2 = H

(64b)  R1, R2 = fused benzene ring

R1

R2

O

O

N
H

(61a)  R1 = R2 = H

(61b)  R1, R2 = fused 

             benzene ring

R2

R1

O

O R1

R2

A B

A B

 19  calothrixin B
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Valderrama. J. A. 
36

 2,3-disubstituted-1,4-naphthoquinones  

 3-chloro-1,4-naphthoquinones (67, 68a-c)  1 

 2,3-dichloronaphthoquinone (66)  2-methoxyethanol  polyethylene 

glycols 67 68a-c

coronands (70-72)  2,3-dimethoxy-1,4-naphthoquinone 

polyethylene  glycols    human fibroblasts 

MRC-5  human cancer cell lines AGS gastric, HL-60 leukemia, SK-MES-1 lung 

J82 bladder   3-chloro-1,4-naphthoquinones (67,68a-c) (IC50 = 1.3-5.5 

µM)  coronands (70-72) (IC50 = 8.3-9.5 µM)

HO O OH

MeCN, K2CO3

O

O

Cl

O O O

O

O

Cl

n

O

O

Cl

Cl

O

O
O

O

O

O

O

O

Cl

OCH3
HO OCH3

(66)(67) (31%)

(68a)  n = 1 (77%)

(68b)  n = 2 (76%)

(68c)  n = 3 (75%)

O

O

OCH3

OCH3

HO O OH

MeCN, K2CO3

O

O
O

O

O

HO OCH3

MeCN, K2CO3

O

O

O

O

MeCN, K2CO3

O

O

O

O

O

O

(70)

(70) (55%)(69)(71) (58%)

(72) (63%)

HO O OH

MeCN, K2CO3

2

 20  2,3-disubstituted-1,4-naphthoquinones 
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Reiner, J. 
37

 substituted 

napthoquino[b]-benzo[e][1,4]diazepines (74a-g)  ben- 

zodiazepines  (analgesic), 

 (anti-convulsant)   2,3-diamino-1,4-naphtho- 

quinones (73a-g)   alkyl  aryl aldehydes    pictet-spengler 

cyclisation  benzodiazepine-naphthoquinones (74a-g)

(65-92% yield) 

O

O

H
N

N
H

R1

R2

R3CHO, BF3.Et2O,

     CH3CN, rt

O

O

H
N

N

R1

R2

R3

(a)  R1 = H, R2 = 4-Cl             (e)  R1 = 2-CH3, R2 = 2-CH3         

(b)  R1 = H, R2 = 4-OEt           (f)  R1 = H, R2 = 2-CH3

(c)  R1 = 4-OEt, R2 = 4-OEt    (g)  R1 = NO2, R2 = H  

(d)  R1 = H, R2 = H

(74a-g)(73a-g)

 21  benzodiazepine-naphthoquinones 

Vargas, M. D. 
38

 azepines  

 intramolecular Prins cyclisation   2-(2,2-

dimethoxyethylamino)-3-(3-methyl-2-butenyl)-1,4-dihydro-1,4-naphthalene-6,11-dione)

(75)  lapachol 

hydrolytic conditions  diastereomeric mixture  azepines (76a-b)-

(79a-b)
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O

O

H
N

(75)

O

O A, B, C, D

O

O

H
N

OR

OR1

O

O

H
N

OR

OR1

+

(76a)          R = R1 = H                   (76b)

(77a)          R = H, R1 = CH3             (77b)

(78a)          R = COCH3, R
1 = H     (78b)

(79a)          R = H, R1 = CHO         (79b)

Condition ; (A)  88% HCO2H, 2h, rt, (76a/ 76b = 7:3, 76%)

                  (B)  88% HCO2H, 2h, 0oC, (79a/ 79b = 7:3, 58%)

                  (C)  aq.H2SO4, rt, MeOH, (77a/ 77b = 4:1, 66%)

                  (D)  (Ac)2O, pyridine, DMAP,CH2Cl2, 24h, rt, (78a/ 78b = 7:3, 69-78%)

 22  azepines 

 naphthoquinones 

, ,  C  H 

-

 (structure activity relationship, SAR) 
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naphthoquinones

 naphthoquinones  5-6 

heteroatomes  naphtho- 

quinones  7 

1.

2.

3.

4.



 2 

 1 :

-

 acetylation o-alkylation  C-3  

 halogenation   C-2 

 amidation 

diamines  nucleophilic substitutions  halogen

 23 

O

O

CH3

OH

O

O

CH3

OR1

Protection

O

O

CH3

OR1

O

O

C

OR1

X

Halogenation

1. Oxidation

O

O

C

OR1

N

CyclisationDeprotection

X

2.  Amidation

R1 = acetyl, alkyl

R2 = 1oor 2o amide

X = Br, Cl, I

O

NH
(CH2)

n

O

N

H

H

O

O

C

OH

N

O

N

H

H
NH2

 23

21
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 2 :  nucleophilic

              substitutions 

 nucleophilic substitutions    nucleophiles 

 C-2  C-3  

 24 

O

O

CH3

R1

R1 = H, alkoxy

O

O

H2
C

R1

N
H

CH3

NH

CH3

O

O

H2
C

R1

N CH3

N

CH3

Nucleophilic 

Substitution

Cyclisation

O

O

CH3

R1

NH

CH3

+

 24

            nucleophilic substitutions 
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 3 :  palladium-

              catalyzed intramolecular Heck coupling 

 1,4-naphthoquinone  nucleophilic substitutions  

nucleophilic addition-elimination    palladium-catalysed 

intramolecular Heck coupling 

O

O

Nucleophilic 

Substitution

O

O
H
N R1

R1 = H, CH3

     Nucleophilic 
addition-elimination

+
Cl

O

I

O

O

N

R1
O

I

O

O

N
O

R1

   Heck coupling

        reaction

 25 

            palladium-catalyzed intramolecular Heck coupling 



 3 

1.

 (Plumbago indica)

 (Plumbagin) 

 (plumbagin) 

1.1

 2 

 1  1  95% 

 7 

 2  1  95% 

 3  (ultrasonic bath) 

 5 

 2 

 70 

 anhydrous 

Na2SO4

24
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1  ultrasonic extraction 

1

2

1.0 kg 

1.0 kg 

0.50 g 

0.72 g 

0.05%

0.07%

 ultrasonic 

1.2

 (5-hydroxy-2-methyl-1,4-naphthoquinone, 80)

 acetylation  5-acetyloxy-2-methyl-1,4-naphthoquinone 

(81) 62% yield (  26) 81
1
H-NMR

spectroscopy  3  acetyloxy  2.44 

ppm
1
H-NMR  acetyloxy 

group 81  (bromination) 

 5-acetyloxy-3-bromo-2-methyl-1,4-naphthoquinone (82) 91% 

yield
1
H-NMR spectrum 82 81

 H-3  6.72 ppm 

 (5-hydroxy-2-methyl-1,4-naphthoquinone, 80)

o-methylation  (dimethyl sulphate, 

Me2SO4)  5-methoxy-2-methyl-1,4-naphthoquinone (83) 46% yield
 1

H-

NMR spectrum  3  methoxy  3.95 

ppm
1
H-NMR  methoxy 

group
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Me2SO4

K2CO3/acetone

O

O

CH3

OH

O

O

CH3

O

AcOH

(CH3CO)2O, I2

(80) (81)

Br2

CH3COOH

O

H3C

O

O

CH3

O

(82)O

H3C

Br

O

O

CH3

O

(83)

H3C

 26 

81 82  oxidizing agents 2

 CrO3

39
, ZnO

40
 (  27)  benzylic oxidations 

 84 

O

O

CH3

O

(81)  R = H

(82)  R = Br

[O]

O

H3C

O

OO

(84)  R = H, Br
O

H3C

RR

OH

O

 27  naphthoquinones

 methyl naphthalenes
41

 SeO2  naphthalenes 

 1,5-dihydroxynaphthalene (85)

 dimethyl sulphate
42,43
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 1-hydroxy-5-methoxynaphthalene (87)

 1,5-dimethoxynaphthalene (86)

 TLC  15  spot  TLC  spot 

 5  spot  spot (Rf )

87 86  54% yield  17% yield 

87  C-2  morpholine   37% 

formaldehyde  Mannich reaction 88 (80% yield)

 (hydrogenation)  H2,Pd/C  2  1-hydroxy-5-

methoxy naphthalene (87) 89  67% yield  89

 (83) 80% 

yield
44,45

(  28) 

OH

OH

OCH3

OCH3

Me2SO4

OH

OCH3

OH

OCH3

N

O

OH

OCH3

CH3

2.5 M NaOH

(85) (86) (87)

(88)

(89)

HN

O
/HCHO

H2, Pd/C

Fremy's salt

O

O

CH3

O

(83)

H3C

 28  naphthalenes

83  1,4-dihydroxy-5-methoxy-2-methyl 

naphthalene (90)  75% yield  o-

acylation  1,4-diacetyloxy-5-methoxy-2-methylnaphthalene (91)  59% yield  

 1,4-dihydroxy-5-methoxy-2-methylnaphthalene (90)  1,4-diacetyloxy-5-     
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methoxy-2-methylnaphthalene (91)  selenium dioxide (SeO2)

1
H-NMR  (92, 93)

 (  29) 

(CH3CO)2O, I2

CH3COOH

O

O

CH3

O

(83)

H2/Pd

OH

OHO

CH3 SeO2

OAc

OAcO

CH3

(90) (92)

(91)

SeO2

(93)

H3C
H3C

OH

OHO

COOH

H3C

H3C

OAc

OAcO

COOH

H3C

 29  naphthalenes

O-acylation  1-hydroxy-5-methoxy-2-methylnaphthalene (89)

acetic anhydride  I2  TLC 

(major products)  2  1-acetyloxy-5-methoxy-2-methylnaphthalene (94)  8-

acetyl-1-acetyloxy-5-methoxy-2-methylnaphthalene (95)  48%  26% yield 

 (  30) 94 95
1
H-

NMR spectroscopy 
1
H-NMR spectrum 89

 1
H-

NMR spectrum 94  3  2.41  2.52 ppm 

 OCOCH3  CH3

1
H-NMR 95

 4  3  acetyloxy  2.19 ppm 

 methyl  2.20 ppm  acetyl group  2.46 ppm  3 

 methoxy group  3.86 ppm  4 
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aromatic ring  coupling constant  7.9 Hz  8.6 Hz 

 ortho 

 ZnO  SeO2 89

94

acetyl protecting group 89
1
H-NMR

spectrum 89 95

96 97
1
H-NMR 96

methyl group  2.54 ppm  methoxy group  4.11 ppm  shift down 

field  carboxylic acid  4  aromatic 

region 96  4 

 methyl  acetyl group  acetyloxy group 

96

OCH3

OH

CH3

(89)

ZnO or SeO2

OCH3

OH

COOH

Ac2O, I2

OCH3

OAc

CH3

(94)

OCH3

OAc

CH3

(95)

H3C O

SeO2

OCH3

OH

CH3

(96)

OCH3

OH

COOH

(97)

H3C O

SeO2

COOH

 30  naphthalenes ( )

97
1
H-NMR spectrum  singlet 

2  3  2.44  4.01 ppm  acetyl group 

methoxyl group  4 

 doublet  aromatic region  methyl group 
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2.20 ppm  acetyloxy group  2.19 ppm 

97  30 

 naphthoquinones  naphthalenes 

 nucleophilic substitutions 

nucleophiles  3  naphthoquinones 

2.  nucleophilic

substitutions

2.1

 naphthoquinones 

naphthoquinones  1,4-naphthoquinone (98), 2-methyl-1,4-naphthoquinone 

(vitamin K3, 99)  5-methoxy-2-methyl-1,4-naphthoquinone (83)

 28 

 1,4-naphthoquinone (98)  naphthalene (101) (

31)  1,4-naphthoquinone (98)

 30% yield 
1
H-NMR

 55 

O

O

CrO3

(101) (98)

 31  1,4-naphthoquinone (98)

 2-methyl-1,4-naphthoquinone (99)  1-naphtol (102) (

 32)  morpholine (103)  37% formaldehyde   Mannich reaction 

 (104)  (hydrogenation)  H2,Pd/C

 2  1-naphtol (102) 105  28% yield  
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105  Fremy’s salt  2-methyl-1,4-

naphthoquinone (vitamin K3, 99)  88% yield

OH OH

N

O

OH

CH3

O

CH3

O

HN

O /HCHO

H2, Pd/C

Fremy's salt

(102)

(103)

(104) (105)

(99)

 32  2-methyl-1,4-naphthoquinone (vitamin K3, 99)

2.2

 nucleophilic substitutions 

 methylamine  nucleophile  2-methyl-1,4-naphtho 

quinone (99)  methylamine 

 24 106  41% yield (  33)  

1
H-NMR Spectroscopy 

46,47
-

 diamino substituted compound (107)

 2-methyl-1,4-naphthoquinone 

(99)  methylamine  microwave reactor  3 

106  32% yield 
1
H-

NMR spectra  106  C-3  quinone  chemical 

shift  6.83 ppm  methylamine 
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 3  3.15 ppm  shift 

down field 

O

O

CH3

O

O

CH3

NHCH3

NH2CH3

EtOH-DCM

O

O

CH2NHCH3

NHCH3

(99) (106) (107)

rt

 33  nucleophilic substitutions  2-methyl-1,4-naphthoquinone

 37% formaldehyde 

 24  air 

oxidation 108 (  34)  

1
H-NMR spectroscopy  NCH3  2.51  3.38 ppm 

 –CH2  3.76  3.91 ppm 

 47

O

O

CH3

O

O

CH3

NHCH3

NH2CH3/EtOH

HCHO, rt

O

O

N

N
CH3

CH3

(99) (106) (108)

 34  2-methyl-1,4-naphthoquinone (99)

 microwave irradiation 

3 106

1
H-NMR Spectroscopy 

 6  2.18 ppm  4  aromatic 

region 109 (  35)
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(106)(99)

O

O

CH3

O

O

CH3

NHCH3

NH2CH3/EtOH

HCHO

O

O

CH3

CH3

(109)

MW

 35  nucleophilic substitutions  microwave irradiation 

 2-methyl-1,4-naphthoquinone (99)

 5-methoxy-2-methyl-1,4-naphthoquinone (83)

 methylamine  37% formaldehyde   24 

microwave reactor 110  21% yield 

 unidentified products (  36)  
 1
H-NMR spectrum 110

 C-3  quinone  methylamine 

 3  3.16 ppm 

 shift down field 

O

O

CH3

O

O

CH3

NHCH3

NHCH3/EtOH

HCHO

O O

(110)

unidentified products

H3C H3C

(83)

 36  nucleophilic substitutions  5-methoxy-2-methyl-

           1,4-naphthoquinone (83)

-

 –OCH3  nucleophilic 

substitutions  –OCH3
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3.

34-35,48

 quinone  Heck coupling    palladium- 

catalysed intramolecular cyclisation 

 palladium-catalysed cyclisation  

 1,4-naphthoquinone (98)

3.1

intermolecular cyclisation 

 2-chloroaniline (111)  bromoacetylbromide (112)

1M NaOH  bromoacetamide (113)  50% yield   113

 Heck coupling
49

 1,4-naphthoquinone (98)   Pd(OAc)2  catalysed 

1
H-NMR spectrum  

 2-chloroaniline (111)  chlorine 

 oxidative addition 

oxidation addition  I > Br > Cl  

 37 

NH2

Cl

HN

Cl

Br

O

Br
Br

O

1 M NaOH

HN
Br

O
O

O

H

H

+ Cl
Pd(OAc)2, PPh3

    Et3N, DMF

O

O

HN
Br

O
H

(111) (113)

(112)

(98) (113) (114)

 37  Heck coupling  bromoacetamide (113)

           1,4-naphthoquinone (98)
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p-nitroaniline (115)   halogenation  I2,

Ag2SO4  2-iodo-4-nitroaniline (116)  95% yield  

 primary amine (116)  (Boc)2O 117  43% 

yield  primary amine   bromoacetylbromide (112) 118

 64% yield (  38) 

HN
Br

O

I

NH2

NO2

I2, Ag2SO4

    EtOH

NH2

NO2

(Boc)2O, Et3N

Bu4NBr, CH2Cl2

HN

NO2

O

O

I I

Br
Br

O

(112)

K2CO3, CH2Cl2

(115) (116) (117)

(118)NO2

 38

117, 118  1,4-naphthoquinone 

(98)  palladium-catalysed intermolecular cyclisation  

1
H-NMR  2 

amide 117 118  2-iodo-4-nitroaniline (116)

 -NH2  4.90 ppm  3  aromatic region 

 1,4-naphthoquinone (98)  2 

 coupling  (  39)   naphthoquinone 

 electron delocalization 

 2  amide 117 118

 amide  intramole- 

cular cyclisation 
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O

O

H

H

Pd(OAc)2, PPh3

    Et3N, DMF

O

O

HN O

O
H

(98)

(119)

HN
Br

O

I

HN

NO2

O

O

I

(117)

(118)NO2

+

Pd(OAc)2, PPh3

  Et3N, Toluene

NO2

O

O

HN
Br

O
H

(120)

NO2

 39  Heck coupling 

           (117-118)  1,4-naphthoquinone (98)

3.2  intramole-

cular cyclisation

 1,4-naphthoquinone (98)  nucleophilic substitutions 

33% MeNH2  2-methylamino-1,4-naphthoquinone (121)

76% yield (  40)   acid chloride (123)  2-iodo phenylacetic 

acid (122)  SOCl2  benzene  acid chloride (123)  100% 

yield  2-methylamino-1,4-naphthoquinone 

(121)  nucleophilic substitution-elimination
50 

 2ºamine (121)

nucleophile  CHCl3 free EtOH  Et3N  acid chloride 

 amide (124)  3.3% yield   K2CO3, 10% 

NaHCO3  NaH  amide (124)  amide 

 2-methylamino-1,4-naphthoquinone 

(121)  2ºamine  1ºamine 

1ºamine
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O

O

H

H

(98)

O

O

H
N

H

CH3

(121)

33% MeNH2,

     EtOH

+

Cl

I

O

(123)

Et3N,

CHCl3 - free EtOH

O

O

N

H

CH3 O

I

(124)OH

I

O

SOCl2, Benzene,

         reflux

(122)

 40  amide 124

 2-amino-1,4-naphthoquinone (125)
51

 1,4-naphtho 

quinone (98)  NaN3  glacial acetic acid (HOAc)   2-

amino-1,4-naphthoquinone (125)  50% yield (  41)  125

reflux  THF  acid chloride (123)   amide (126)  25 

% yield
50,52

O

O

H

H

(98)

O

O

NH2

H

(125)

NaN3, HOAc
+

Cl

I

O

(123)

O

O

N

H

H
O

I

(126)

dry THF,

reflux, 100oC

 41  amide 126
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126   intramolecular cyclisation 

 Heck coupling  (  42)  
1
H-

NMR spectroscopy   chemical shift 5.25 ppm  2  –

NH2  4  aromatic ring   2-amino-1,4-naphthoquinone (125)

 amide  protect  –NH  amide 

 MeI, KOH  
1
H-NMR  amide 

 amine (125)

 amide 

O

O

N

H

H
O

I

(126)

Pd(OAc)2, PPh3

 K2CO3, DMF

O

O

H
N

O

(127)

O

O

N

H

CH3 O

I

CH3I, KOH

   DMSO

(128)

 42  intramolecular cyclisation 

 amide 

 ethyl amines 

 halogen 

 oxidative 

addition

electron delocalization  2,3-dibromo-1,4-

naphthoquinone (131)  1,4-naphthoquinine (98)  bromination 

129   92% yield  129
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 microwave  reactor   4 

 2-bromo-1,4-naphtho- 

quinone (130)  56% yield  130  bromination 

 2,3-dibromo-1,4-naphthoquinone (131)

80% yield  (  43) 

O

O

H

H

(98)

O

O

Br

Br

H

H

O

O

Br

H

O

O

Br

Br

Br2,

HOAC

Microwave

850W, 4 min

Br2,

HOAC

(129) (130)

(131)

 43  2,3-dibromo-1,4-naphthoquinone (131)

 2,3-dibromo-1,4-naphthoqui- 

none (131)  nucleophilic substitutions  1ºamine (132a-132e)

nucleophiles  131  2-substitued amino-3-bromo-1,4-

naphthoquinones (133a-133e)  palladium-catalysed 

intramolecular cyclisation 

 (134a-134d)  (135a-135d) ( 44)  

 2  134e 135e
1
H-NMR spectrum 

O

O

Br

Br

(131)

O

O

Br

H
N

R1

R2

R3

+

NH2

R1

R2

R3

(132a-e) (133a-e)

CH2Cl2-EtOH
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O

O

Br

H
N

H
N

O

O

R1

R2

R3 R3

R2

R1

(133a-e) (134a-d) (135a-d)

O

O

H

H
N

R1

R2

R3

+

Pd(OAc)2, PPh3,

K2CO3, Toluene,

120oC in seal tube

 44

 intramolecular cyclisation 

 2 

(134a-e)  (135a-e)

1° amine 

(132)

R1 R2 R3 133

(% yield) 

134

(% yield) 

135

(% yield) 

a OCH3 OCH3 OCH3 49 16 31 

b H OCH3 OCH3 66 7.3 28 

c H -OCH2O- 75 5 26 

d H OCH2Ph OCH3 36 14 23 

e H OCH3 H 60 - - 

 Heck reaction 

Pd(II) or Pd (0) complexes

LnPd(0)

R1 X

LnPd(II)

X

R1
R4

R3

H

R2

Pd(II)LnX

R3

R1

R2

R4H

Pd(II)LnX

R3

H

R1

R4R2

LnPd(II)

X

HR4

R3

R1

R2

base

-HX

oxidative 
addition

migratory
 insertion

hydride

elimination

C-C bond rotation



 4 

1.

-

 (antibacterial activity)  (antifungal activity)
8-9

,

(anticancer activity) 
10

,

(antimalarial activity)
11

 2  5-methoxy-2-

methyl-1,4-naphthoquinone (83)  5-methoxy-2-methyl-3-methylamino-1,4-naphtho- 

quinone (110)  (anticancer activity), 

 (antimalarial activity)  (antibacterial 

activity)  (National Center for Genetic 

Engineering and Biotechnology)  3  4 

 3 

Test

O

O

CH3

OH3C

(83)

IC50

(µg/ml)

(83)

O

O

CH3

NH

OH3C CH3

(110)

IC50

(µg/ml)

(110)

Anti- NCI-H187
a
 (human, 

small cell lung cancer) 

Strongly active 1.07 - - 

Anti- Cancer
b
(BC-Breast 

Cancer)

Strongly active 1.54 Inactive - 

Anti-Cancer
 b
 (KB-Oral human 

Epidermalcarcinoma)

Moderately

active

5.92 Inactive - 

Anti-malaria
c
(Plasmodium

Falciparum,K1 Strain) 

Active 2.02 - - 

41
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   a,b,c : 

a = Colorimetric Method ; 3-(4,5-dimethylthiazol 2-yl)-2,5-diphenyltetrazolium

      bromide (MTT) Assay 

          b = Sulforhodamine B (SRB) assay 

          c =  Microculture Radioisotope Technique 

 4

Test

O

O

CH3

OH3C

(83)

MIC

(µg/ml)

(83)

O

O

CH3

NH

OH3C CH3

(110)

MIC

(µg/ml)

(110)

Anti-Mycobacterium
d

tuberculosis (Anti-TB) H37Ra 

strain

Active 12.50 Active 3.13 

  d = Resazurin Microplate Assay (REMA) 

 5-methoxy-2-methyl-1,4-naphtho- 

quinone (83)

 5-methoxy-2-methyl-3-methylamino-1,4-naphthoquinone (110)

83

C-3

2.

 10 

 3 Staphylococcus aureus, Bacillus cereus

Micrococcus luteus  2 Salmonella spp. Escherichia

coli ( )

 5 
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 5

Minimum inhibition concentration (MIC)(mg/ml) 

B. cereus M. luteus S. aureus Salmonella 

spp.

E.coli

O

O

Br

H
N

OCH3

OCH3

OCH3

(133a)

0.25 0.25 - - -

O

O

Br

H
N

OCH3

OCH3

(133b)

1.00 - - - -

O

O

Br

H
N

OBn

OCH3

(133d)

- - - - -

H
N

O

O

H3CO
OCH3

OCH3

(134a)

0.25 0.25 - - -

H
N

O

O

H3CO
OCH3

(134b)

0.25 0.25 - - -
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 5 ( )

Minimum inhibition concentration (MIC)(mg/ml) 

B. cereus M. luteus S. aureus Salmonella 

spp.

E.coli

H
N

O

O

O
O

(134c)

0.25 0.25 - - -

H
N

O

O

H3CO
OBn

(134d)

- - - - -

O

O

H

H
N

OCH3

OCH3

OCH3

(135a)

1.00 - - - -

O

O

H

H
N

OCH3

OCH3

(135b)

0.25 - - - -

O

O

H

H
N

OBn

OCH3

(135d)

- - - - -

   ( - ) 
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 2  Bacillus cereus Micrococcus luteus 

Bacillus cereus  Micrococcus luteus  inhibition 

zone

 2-substituted amino-3-bromo-1,4-naphthoquinone (133a)

 intramolecular cyclisation 134a  135a  133a

 134a  inhibition zone 

135a  (MIC= 1mg/ml)  

 2-substituted amino-3-bromo-1,4-naphthoquinone (133b)

 (134b)

135b  benzyl  

 methoxy 

 methoxy  3 

 methoxy 2  inhibition zone  

hydroxy

MIC  filter 

paper disc method 



 5 

 2  3 

 naphthoquinones  naphthalenes 

 nucleophilic substitutions 

nucleophiles  C-2  C-3 

 2-methyl-1,4-naphthoqui- 

none (99)  nucleophilic substitutions  6 

 5-methoxy-2-methyl-1,4-naphthoquinone (83)

 –OCH3  nucleophilic substitutions 

Heck coupling 

1,4-naphthoquinone (2-iodo-4-nitro-phenyl)-carbamic acid tert-butyl ester (117)

2-bromo-N-(2-iodo-4-nitro-phenyl)-acetamide (118)  intermolecular 

cyclisation

naphthoquinone electrons delocalization 

2 amide 117

118 amide

intramolecular cyclisation 

 2,3-dibromo-1,4-naphthoquinone (131)

 ethyl amines (132) nucleophilic substitutions 

 ethyl amines nucleophile 2-substituted amino-3-bromo-1,4-

naphthoquinones (133a-133e)  palladium-catalysed intramolecular 

cyclisation Heck coupling

 (134a-134d) (135a-135d)

46
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 filter paper disc 

Bacillus cereus Micrococcus luteus  (MIC= 0.25 mg/ml) 

MIC



 6 

 Stuart Scientific SMP 2 melting point apparatus 

 (uncorrected)   Infrared spectra (IR)  Perkin 

Elmer spectrum GX FT-IR system  Major band ( max)  wavenumber 

(cm
-1
)

   1
H

13
C-NMR  Bruker AVANCE 300 spectrometer (300 MHz 

1
H-NMR  75 MHz 

13
C-NMR)  CDCl3

tetramethyl silane  internal standard 

 (Plumbagin)  5-hydroxy-2-methyl-1,4-naphthoquinone (80) 

O

O

CH3

OH

 (100 g)  95%  (250 ml)  1 

 Ultrasonic  5 

 filtrate 

 2  column chromato 

graphy (silica gel, 10:1 Hexane : EtOAc)  (Plumbagin) 

 (0.073 g, 0.073% yield); m.p. 72-73 ºC (lit.
53

 m.p. 74 ºC); 
1
H-NMR 

(300 MHz, CDCl3)  2.29 (s, 3H, CH3), 6.80 (s, 1H, H-3), 7.56 (m, 1H, H-6), 7.61 (m, 

2H, H-7  H-8), 11.95 (s, 1H, OH);
13

C-NMR (75 MHz, CDCl3)  16.5, 115.5, 119.3, 

124.2, 132.1, 135.5, 136.1, 149.6, 161.16, 184.8, 190.3 

48
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 5-acetyloxy-2-methyl-1,4-naphthoquinone (81) 

O

O

CH3

OH

O

O

CH3

O

(CH3CO)2O, I2

(80) (81)

CH3COOH

O

H3C

 plumbagin (0.1 g, 0.53 mmol), I2 (13.5 mg, 0.053 mmol)  acetic 

anhydride (0.25 ml, 5 mmol)  reflux  65
 o
C  20 

 (20 ml)   10  CH2Cl2 (10 ml)  CH2Cl2

 sat. NaHCO3 (2x20 ml)  CH2Cl2  anh. Na2SO4

81  (0.11 g, 91% yield); m.p. 113-115 
o
C

(lit.
54

 m.p. 116-117 
o
C);

1
H-NMR (300 MHz, CDCl3)  2.19 (s, 3H, CH3), 2.44 (d, J= 1.5 

Hz, 3H, COCH3), 6.71 (d, 1H, J= 1.5 Hz, H-3), 7.36 (dd, 1H, J= 8.1, 1.2 Hz, H-6), 7.73 

(dd, 1H, J= 8.1, 7.8 Hz, H-7), 8.09 (dd, 1H, J= 7.8, 1.2 Hz, H-8); 
13

C-NMR (75 MHz, 

CDCl3)  16.1, 21.1,125.1, 129.4, 133.9, 134.5, 135.9, 136.3, 146.9, 149.3, 169.5, 

183.6, 184.1 

 5-acetyloxy-3-bromo-2-methyl-1,4-naphthoquinone (82) 

O

O

CH3

O

AcOH

(81)

Br2

O

H3C

O

O

CH3

O

(82)O

H3C

Br

5-acetyloxy-2-methyl-1,4-naphthoquinone (81) (0.11 g, 0.48 mmol) 

 (0.83 ml, 0.48 mmol)  40 

 Ar(g)  10  EtOAc  

 EtOAc  brine (20 ml)  EtOAc  anh. Na2SO4

82  (0.13 g, 91% yield);
1
H-NMR (300 
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MHz, CDCl3)  2.19 (s, 3H, CH3), 2.42 (s, 3H, COCH3), 7.45 (dd, J= 8.1, 1.2 Hz, 1H, 

H-6), 7.81 (dd, J= 8.1, 7.8 Hz, 1H, H-7), 8.10 (dd, J= 7.8, 1.2 Hz, 1H, H-8) 

 5-methoxy-2-methyl-1,4-naphthoquinone (83)   

O

O

CH3

O

Me2SO4

K2CO3/acetone

(83)

H3C

O

O

CH3

OH

(80)

 plumbagin (96 mg, 0.51 mmol)  potassium carbonate (0.21 g, 

1.55 mmol)  acetone (4 ml)   Ar(g) 

30  dimethyl sulphate (0.15 ml)   3 

 potassium carbonate  filtrate  (10 ml)  CH2Cl2

(3×10 ml)  5% NaOH (2×10 ml)   anh. Na2SO4

 column chromatography (silica gel, 4:1 

Hexane : EtOAc)  5-methoxy-2-methyl-1,4-naphthoquinone (83)

 (51.9 mg, 58% yield); m.p. 91-93 
o
C (lit.

54
 m.p. 94-96 

o
C);

1
H-NMR

(300 MHz, CDCl3)  2.06 (d, J= 1.4 Hz, 3H, CH3) , 3.90 (s, 3H, ArOCH3), 6.66 (q, J= 

1.4 Hz, 1H, H-3), 7.21 (dd, J= 9.0, 1.1 Hz, 1H, H-6), 7.58 (dd, J= 9.0, 7.8 Hz, 1H, H-7), 

7.68 (dd, J= 7.8, 1.1 Hz, H-8)

 81  82  Chromium trioxide 

O

O

CH3

O

(81)  R = H

(82)  R = Br

[O]

O

H3C

O

OO

(84)  R = H, Br
O

H3C

RR

OH

O
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naphthoquinone 81 82 (50 mg)  glacial acetic acid (15 ml) 

 acetic anhydride (1.5 ml)  50
 o

C  30 

 chromium trioxide  (0.2 ml)  acetic acid (1.5 ml)   50

o
C  3  (10 ml) 

1
H-NMR spectroscopy 

 naphthoquinone   filtrate  EtOAc (20 ml) 

anh.Na2SO4

1
H-NMR spectrum 

 81  82  Zinc oxide 

 naphthaquinones 81  82  DMF (5 ml)   zinc oxide 

(2.5 mmol)  90
 o
C  4 

 (15 ml)  CH2Cl2 (3x15 ml)   anh. Na2SO4

1
H-NMR spectrum  

 1-hydroxy-5-methoxynaphthalene

OH

OH

OCH3

OCH3

Me2SO4

OH

OCH3

2.5 M NaOH

(85) (86)(87)

 1,5-dihydroxynaphthalene (85) (1 g, 6.24 mmol)  2.5M NaOH 

(6.24 mmol)  Ar(g)   30 

dimethyl sulphate (3.24 mmol)  20  ether (2×20 ml)  ether 

 10M HCI   ether  brine (30 ml)   anh. 

Na2SO4  column chroma- 

tography (silica gel, 6:1 Hexane : EtOAc) 86 87
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 87  (0.59 g, 54% yield); m.p. 132-136 ºC (lit
43

 133-136); 

1
H-NMR (300 MHz, CDCl3)  3.99 (s, 3H, ArOCH3), 6.84 (d, J= 7.5 Hz, 2H, H-2  H-

6), 7.30 (t, J= 7.6 Hz, 1H, H-3), 7.39 (t, J= 7.8 Hz, 1H, H-7), 7.74 (d, J= 8.5 Hz, 1H, H-

4), 7.84 (d, J= 8.5 Hz, 1H, H-8); 
13

C-NMR (75 MHz, CDCl3)  55.6, 104.5, 109.5, 

113.7, 114.7, 125.2, 125.3, 125.3, 126.9, 151.2, 155.4 

 86  (0.20 g, 17% yield); m.p. 137 ºC (lit
43

 140-141 ºC); 

1
H-NMR (300 MHz, CDCl3)  3.97 (s, 6H, ArOCH3), 6.83 (d, J= 7.8 Hz, 2H, H-2  H-

6), 7.37 (t, J= 8.4 Hz, 2H, H-3  H-7), 7.94 (d, J= 8.7 Hz, 2H, H-4  H-8); 
13

C-NMR

(75 MHz, CDCl3)  55.5, 104.5, 114.2, 125.2, 126.6, 155.2

 5-methoxy-2-(morpholinomethyl)naphthalene-1-ol (88) 

OH

OCH3

OH

OCH3

N

O

(87) (88)

HN

O
/HCHO

1-hydroxy-5-methoxynaphthalene (87) (80 mg, 0.46 mmol) 

(0.9 ml)  Ar(g)   morpholine (0.46 mmol)  37% formaldehyde (0.46 

mmol)  24 

 column chromatography (silica gel, 15:1 Hexane 

: EtOAc) 88  (0.10 g, 80% yield); 
1
H-NMR 

(300 MHz, CDCl3)  2.41-2.52 (m, 4H), 3.64-3.36 (m, 4H), 3.78 (s, 2H, C-CH2), 3.84 (s, 

3H, ArOCH3), 6.73 (d, J= 7.6 Hz, 1H, H-6), 6.93 (d, J= 8.5 Hz, 1H, H-3), 7.25 (dd, J= 

8.5, 7.6 Hz, 1H, H-7), 7.59 (d, J= 8.5 Hz, 1H, H-4), 7.72 (d, J= 8.5 Hz, 1H, H-8); 
13

C-

NMR (75 MHz, CDCl3)  55.6, 103.5, 113.1, 114.3, 117.4, 124.4, 125.3, 125.4, 128.3, 

148.4, 155.5 
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 1-hydroxy-5-methoxy-2-methynaphthalene (89) 

OH

OCH3

N

O

OH

OCH3

CH3

(88) (89)

H2, Pd/C

88 (89 mg, 0.33 mmol), Pd/C (34 mg) 

 (2 ml)   H2(g)  24 

 column chromatography (silica gel, 15:1 

Hexane : EtOAc)  1-hydroxy-5-methoxy-2-methylnaphthalene (89) (41 mg, 

67% yield); m.p. 107-110 ºC (lit
44

 107-108 ºC); 
1
H-NMR (300 MHz, CDCl3)   2.40,  (s, 

3H, CH3), 3.98 (s, 3H, ArOCH3), 6.77 (d, J= 7.6 Hz, 1H, H-6), 7.26 (d, J= 8.5 Hz, 1H, 

H-3), 7.37 (dd, J= 8.5, 7.6 Hz, 1H, H-7), 7.69 (d, J= 8.5 Hz, 1H, H-4), 7.77 (d, J= 8.5 

Hz, 1H, H-8); 
13

C-NMR (75 MHz, CDCl3)  15.7, 55.5, 103.5, 113.0, 114.2, 117.2, 

125.2, 125.2, 125.4, 125.5, 128.2, 148.39, 155.5 

 5-methoxy-2-methyl-1,4-naphthoquinone (83) 

(89)

OH

OCH3

CH3

O

O

CH3

O

(83)

Fremy's salt

H3C

1-hydroxy-5-methoxy-2-methylnaphthalene (89) (0.28 g, 1.50 mmol) 

 (3:1) MeOH : DMF (24 ml)   Fremy’s salt (1.59 g, 5.98 

mmol)  H2O (52 ml)  1M aqueous NaOAc (2.5 ml)  14 

 ether (3x20 ml)   ether  brine (30 ml)  

 anh. Na2SO4  5-methoxy-2-methyl-1,4-

naphthoquinone (83)  (0.24 g, 80% yield); m.p. 96-98 ºC (lit
44

 99 ºC); 
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1
H-NMR (300 MHz, CDCl3)  2.06 (d, J= 1.4 Hz, 3H, CH3), 3.90 (s, 3H, ArOCH3), 6.66 

(q, J= 1.4 Hz, 1H, H-3), 7.21 (dd, J= 9.0, 1.1 Hz, 1H, H-6), 7.58 (dd, J= 9.0, 7.8 Hz, 1H, 

H-7), 7.68 (dd, J= 7.8, 1.1 Hz, 1H, H-8); 
13

C-NMR (75 MHz, CDCl3)  15.7, 56.4, 117.7, 

119.3, 119.9, 134.3, 134.6, 137.8, 145.4, 159.4, 184.4, 185.7

 1,4-dihydroxy-5-methoxy-2-methylnaphthalene (90) 

O

O

CH3

O

(83)

H2, Pd/C

OH

OHO

CH3

(90)

H3C
H3C

83 (76 mg, 0.38 mmol), Pd/C (38 mg) 

 (1.2 ml)   H2(g)  24 

 column chromatography (silica 

gel, 15:1 Hexane : EtOAc)  90  (45 mg, 75% 

yield);
1
H-NMR (300 MHz, CDCl3)  2.06 (d, J= 1.5 Hz, 3H, CH3), 3.92 (s, 3H, 

ArOCH3), 6.66 (d, J= 1.5 Hz, 1H, H-3), 7.20 (d, J= 9.3 Hz, 1H, H-6), 7.58 (t, J= 7.8 Hz, 

1H, H-7), 7.68 (dd, J= 7.8, 1.2 Hz, 1H, H-8) 

 1,4-diacetyloxy-5-methoxy-2-methylnaphthalene (91) 

(CH3CO)2O, I2

CH3COOH

OH

OHO

CH3

OAc

OAcO

CH3

(90) (91)

H3C H3C

90 (65 mg, 0.32 mmol), I2 (0.064 mmol)  acetic anhydride (1 ml) 

 reflux  65
 o
C  20  (30 ml)  
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 10  CH2Cl2 (20 ml)  CH2Cl2  sat. NaHCO3 (2x20 ml) 

 CH2Cl2  anh. Na2SO4 91

 (54 mg, 59% yield); 
1
H-NMR (300 MHz, CDCl3)  2.09 (s, 3H, COCH3),

2.27 (s, 3H, COCH3),  3.72 (s, 3H, ArOCH3), 6.62 (dd, J= 7.5, 1.2 Hz, 1H, H-6), 6.79 (s, 

1H, H-3), 7.14 (dd, J= 8.4, 1.2 Hz, 1H, H-8), 7.19 (dd, J= 8.4, 7.5 Hz, 1H, H-7) 

 1-acetyloxy-5-methoxy-2-methylnaphthalene (94)  

OCH3

OH

CH3

(89)

Ac2O, I2

OCH3

OAc

CH3

(94)

OCH3

OAc

CH3

(95)

H3C O

 1-hydroxy-5-methoxy-2-methylnaphthalene (89) (0.34 g, 1.80 mmol), I2

(45 mg, 0.18 mmol)  acetic anhydride (0.85 ml, 9 mmol)  reflux 

 65 
o
C  20  (50 ml)   10  CH2Cl2

(3x15 ml)  CH2Cl2  sat. NaHCO3 (2x20 ml)  CH2Cl2

anh.Na2SO4  column 

chromatography (silica gel, 13:1 Hexane : EtOAc)  1-acetyloxy-5-methoxy-2-

methylnaphtalene (94)  8-acetyl-1-acetyloxy-5-methoxy-2-methylnaphthalene (95)

 94 (0.20 g, 48% yield); m.p. 75-78 ºC; 
1
H-NMR (300 MHz, CDCl3)  2.22 

(s, 3H, COCH3), 2.35 (s, 3H, CH3), 4.00 (s, 3H, ArOCH3), 6.82 (dd, J= 6.8, 1.5 Hz, 1H, 

H-6), 7.39-7.49 (m, 3H, H-3, H-7, H-8), 8.19 ( d, J= 8.6 Hz, 1H, H-4); 
13

C-NMR (75 

MHz, CDCl3) :  16.4, 20.6, 55.6, 103.6, 113.0, 120.1, 125.4, 126.8, 127.1, 127.9, 

128.2, 144.2, 155.7, 169.1 

 95 (0.12 g, 26% yield); 
1
H-NMR (300 MHz, CDCl3)  2.19 (s, 3H, COCH3),

2.22 (s, 3H, CH3), 2.46 (s, 3H, -OCOCH3), 3.86 (s, 3H, ArOCH3), 6.61 (d, J=7.9 Hz, 1H, 
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H-6), 7.14 ( d, J= 7.9 Hz, 1H, H-7), 7.29 (d, J= 8.6 Hz, 1H, H-3), 8.03 (d, J= 8.6 Hz, 1H, 

H-4)

 naphthalene  selenium dioxide (SeO
2
)

naphthalene derivatives (89, 90, 91, 94) (0.26 mmol)  DMSO 

(0.24 ml)  SeO2 (0.022 mmol)   150
 o
C  4 

1
H-NMR spectrum  naphthalene derivatives (89, 90,

91, 94)

 8-acetyl-1-acetyloxy-5-methoxy-2-methylnaphthalene (95)

 workup  column 

chromatography (silica gel, 99.5% CH2Cl2: MeOH) 96 97

 96;
1
H-NMR (300 MHz, CDCl3)  2.54 (s, 3H, CH3), 4.11 (s, 3H, OCH3),

7.04 (d, J= 8.5Hz, 1H, H-6), 7.39 (d, J= 8.6 Hz, 1H, H-3), 8.01 (d, J= 8.6 Hz, 1H, H-4), 

8.5(d, J= 8.5 Hz, 1H, H-7) 

 97;
1
H-NMR (75 MHz, CDCl3)  2.44 (s, 3H, COCH3), 4.01 (s, 3H, 

ArOCH3), 7.00 (d, J= 7.9 Hz, 1H, H-6), 7.26 (d, J= 8.5 Hz, 1H, H-3  H-4), 7.6 (d, J= 

8.6 Hz, 1H, H-4  H-3), 8.01 (d, J= 7.9 Hz, 1H, H-7) 

 1,4- naphthoquinone (98) 

O

O

CrO3

(101) (98)
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 CrO3 (6.0 g, 36 mmol)  80% aqueous acetic acid (7.5 ml) 

 0 
o
C  naphthalene (3.2 g, 25 mmol)  glacial acetic acid (30 

ml)  10-15
 o

C  2-3  24 

( )  (50-60 ml)   CH2Cl2

(3x20 ml)  CH2Cl2  sat. NaHCO3 (2×20ml)   anh. Na2SO4

 column chromatography (silica gel, 

10:1 Hexane : EtOAc)   1,4-naphthoquinone (98)  (1.21 g, 30.4% 

yield); m.p. 125-126 ºC (lit
55

 126 ºC); 
1
H-NMR (300 MHz, CDCl3)  6.99 (s, 2H, H-2 

H-3), 7.74-7.80 (m, 2H, H-6  H-7), 8.07-8.12 (m, 2H, H-5  H-8) 

 1-hydroxy-5-methoxy-2-methynaphthalene (105) 

OH OH

N

O

OH

CH3

HN

O /HCHO

H2,

Pd/C

(102)

(103)

(104) (105)

 1-naphthol (102) (1 g, 6.94 mmol)  (13 ml) 

 Ar(g)   morpholine (0.73 ml, 8.33 mmol)  37% formaldehyde 

(0.23 ml, 8.33 mmol)  24  2-(morpholinomethyl) 

naphthalene-1-ol (104)  Pd/C (38 mg)  (1.5 ml)  

 H2(g)  24 

 column chromatography (silica gel, 15:1 Hexane : EtOAc 

 105 (0.31 g, 28% yield  102);
 1
H-NMR (300 MHz, CDCl3)  2.38 (s, 

3H, CH3), 5.55 (brs, 1H, OH), 7.30 (d, J= 8.1 Hz, 1H, H-3), 7.50 (d, J= 8.1 Hz, 1H, H-

4), 7.53-7.59 (m, 2H, H-6  H-7), 7.89 (ddd, J= 9.3, 2.7, 0.9 Hz, 1H, H-5), 8.29 (ddd, 

J= 9.6, 1.8, 0.9 Hz, 1H, H-8);
 13

C-NMR (75 MHz, CDCl3)  15.9, 117.4, 120.7, 121.3, 

124.9, 125.6, 125.7, 128.0, 129.4, 133.7, 148.8,
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 2-methyl-1,4-naphthoquinone (vitamin K
3
) (99) 

(105) (99)

OH

CH3

O

CH3

O

Fremy's salt

 1-hydroxy-2-methylnaphthalene (105) (1 g, 6.32 mmol)  (3:1) 

MeOH :DMF (100 ml)   Fremy’s salt (12.5 g, 47 mmol)  H2O

(400 ml)  1M aqueous NaOAc (8.9 ml)  14 

 ether (3x30 ml)   ether  brine (40 ml)   anh. 

Na2SO4 99  (0.95 g, 88% yield); 

m.p. 104-107 ºC; 
1
H-NMR (300 MHz, CDCl3)  2.19 (d, J= 1.5 Hz, 3H, CH3), 6.83 (q, 

J= 1.5 Hz, 1H, H-3), 7.70-7.74 (m, 2H, H-6  H-7), 8.02-8.09 (m, 2H, H-5  H-8) 

 2-methyl-1,4-naphthoquinone (99)  33% methylamine 

O

O

CH3

O

O

CH3

NHCH3

NH2CH3

EtOH-DCM

(99) (106)

 33% methylamine  (0.054 ml, 12 mmol) 

2-methyl-1,4-naphthoquinone (50 mg, 0.25 mmol)  24 

 (15 ml)   CH2Cl2 (2×10 ml)   10% 

Na2CO3 (20 ml)  anh. Na2SO4

 column chromatography (silica gel, 6:1 Hexane : EtOAc)  2-methyl-3-

methylamino-1,4-naphthoquinone (106)  (30 mg, 64% yield); m.p. 132-

133 ºC (lit.
47

133 ºC); 
1
H-NMR (300 MHz, CDCl3)  2.28 (s, 3H, CH3), 3.24 (d, J= 4.7 

Hz, 3H, NCH3), 5.83 (brs, 1H, NH), 7.56 (dt, J= 7.6, 1.3 Hz, 1H, H-6  H-7), 7.67 (dt, 

J=7.6, 1.3 Hz, 1H, H-7  H-6), 7.97 (dd, J= 7.6, 1.3 Hz, 1H, H-5  H-8), 8.08 (dd, 
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J= 7.6, 1.3 Hz, 1H, H-8  H-5); 
13

C-NMR (75 MHz, CDCl3)   10.9, 32.8, 111.9, 

125.9, 126.2, 130.2, 131.8, 133.5, 134.3, 146.9, 182.5, 183.6

 2-methyl-1,4-naphthoquinone (99)  33% methylamine 

 37% formaldehyde  

O

O

CH3

O

O

CH3

NHCH3

NH2CH3/EtOH

HCHO

O

O

N

N
CH3

CH3

(99) (106) (108)

 1 :  33% methylamine  (0.054 ml, 12 

mmol)  2-methyl-1,4-naphthoquinone (99) (50 mg, 0.25 mmol)   37% 

formaldehyde (0.44 ml, 5.23 mmol) 

 24  air oxidation   (15 ml)  

 CH2Cl2 (2×10 ml)  10% Na2CO3 (20 ml)  anh. Na2SO4

 column chromatography (silica gel, 4:1 

Hexane : EtOAc)  (106)  (14 mg, 24% yield) 

108  (10 mg, 17.8% yield); m.p. 131-133 ºC (lit.
47

131-132 ºC); 

1
H-NMR (300 MHz, CDCl3)  2.51 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.76 (s, 2H, 

CH2), 3.99 (s, 2H, -NCH2N-), 7.58-7.69 (m, 2H, H-5  H-8), 7.98-8.20 (m, 2H, H-6 

 H-7) 

 2 : 99 (50 mg, 0.25 mmol), 33% methylamine 

 (0.054 ml, 12 mmol),  37% formaldehyde (0.44 ml, 5.23 mmol) 

 microwave reactor  850 W  3  (15 ml)   CH2Cl2

(2×10 ml)  10% Na2CO3 (20 ml)  anh. Na2SO4

 column chromatography (silica gel, 6:1 Hexane: 

EtOAc)  (106)  (17.5 mg, 30% yield)  2,3-dimethyl-1,4-

naphthoquinone (109)  (10 mg, 20% yield); m.p.125-128 ºC; 
1
H-NMR (300 
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MHz, CDCl3)  2.18 (s, 6H, CH3), 7.69 (dd, J= 9.0, 2.4 Hz, 2H, H-6  H-7), 8.08 (dd, 

J= 9.0, 2.4 Hz, 2H, H-5  H-8);
 13

C-NMR (75 MHz, CDCl3)  12.9, 126.3, 132.2, 

133.3, 143.5, 184.9

 5-methoxy-2-methyl-1,4-naphthoquinone (83)  33% methylamine 

O

O

CH3

O

O

CH3

NHCH3

NHCH3/EtOH

HCHO

O O

(110)

unidentified products

H3C H3C

(83)

 33% methylamine  (1.37 ml, 12 mmol) 

2-methyl-1,4-naphthoquinone (70 mg, 0.346 mmol)  24 

 (15 ml)   CH2Cl2 (2×10 ml)   10% 

Na2CO3 (20 ml)  anh. Na2SO4

 column chromatography (silica gel, 6:1 Hexane : EtOAc) 110

 (16.9 mg, 21% yield) ); m.p. 202-206 ºC; 
1
H-NMR (300 MHz, CDCl3)

2.19 (s, 3H, CH3), 3.16 (d, J= 5.6 Hz, 3H, NCH3), 3.92 (s, 3H, ArOCH3), 7.07 (dd, J= 

8.5, 1.0 Hz, 1H, H-6), 7.55 (dd, J= 8.5, 7.7 Hz, 1H, H-7), 7.71 (dd, J=7.7, 1.0 Hz, 1H, 

H-8);
 13

C-NMR (75 MHz, CDCl3)  10.7, 32.9, 56.4, 109.9, 115.6, 117.9, 119.1, 135.5, 

135.9, 148.0, 159.6, 181.0, 183.2

 2-bromo-N-(2-chloro-phenyl)-acetamide (113) 

NH2

Cl

HN

Cl

Br

O

Br
Br

O

1 M NaOH

(111) (113)

(112)
2

3

4

5

6
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 2-chloroaniline (111) (1.1 ml, 10 mmol)  1M NaOH (2.2 ml) 

 bromoacetyl bromide (0.75 ml, 8.60 

mmol)  diethyl ether (0.45 ml)  1.5  3 

 diethyl ether (10 ml)   (pH=1)  5M HCI  

 CHCl3 (10 ml)   diethyl ether   anh. Na2SO4

 ( )  hexane 

113  (2.60 g, 50% yield); m.p. 88-90 °C; 
1
H-NMR (300 MHz, CDCl3)

4.07 (s, 2H, CH2), 7.09 (dt, J= 7.8, 1.5 Hz, 1H, H-5), 7.29 (dt, J= 7.8, 1.3 Hz, 1H, H-4), 

7.39 (dd, J= 8.0, 1.5 Hz, 1H, H-3), 8.33 (dd, J= 8.3, 1.3Hz,1H, H-6), 8.80 (brs, 1H, NH); 

13
C-NMR (75 MHz, CDCl3)  29.6, 121.2, 123.5, 125.5, 127.8, 129.2, 133.9, 163.4 

 1,4-naphthoquinone (98)  2-bromo-N-(2-chloro-phenyl)-

acetamide (113)  Heck coupling 

HN
Br

O
O

O

H

H

+ Cl
Pd(OAc)2, PPh3

    Et3N, DMF

O

O

HN
Br

O
H

(98) (113) (114)

 1-4-naphthoquinone (98) (0.10 g, 0.63 mmol), 2°amine (0.19 g, 0.76 

mmol), Pd(OAc)2 (8.20 mg, 0.036 mmol), PPh3 (35.14 mg, 0.13 mmol), K3CO3 (0.26 g, 

1.90 mmol)  DMF (2.47 ml)  Ar(g) 30  reflux  120°C 

15  (20 ml)   EtOAc (2x10 ml)   anh. Na2SO4

 column chromatography (silica gel, 

hexane : EtOAc (5:1))
1
H-NMR spectrum  

1,4-naphthoquinone (98)  2-chloroaniline (111); 2-chloroaniline (111);
1
H-NMR (300 

MHz, CDCl3)  6.60-6.67 (m, 2H, H-6  H-4), 7.00 (dt, J= 7.3, 1.4 Hz, 1H, H-5), 7.20 

(dd, J= 7.8, 1.4 Hz, 1H, H-3) 
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 2-iodo-4-nitroaniline (116) 

NH2

NO2

I2, Ag2SO4

    EtOH

NH2

NO2

I

(115) (116)

2

3

4
5

6

 I2 (5.10 g, 20 mmol)  (100 ml)   Ag2SO4 (6.20 g, 

20 mmol) p-nitroaniline (115) (2.76 g, 20 mmol)  1 

 CH2Cl2 (50 ml)  aqueous Na2S2O3

anh. Na2SO4  2-iodo-4-nitroaniline (116)

(5 g, 95% yield); m.p. 108-111 ºC; 
1
H-NMR (300 MHz, CDCl3)  4.90 (brs, 1H, NH), 

6.72 (d, J= 8.9 Hz, 1H, H-5), 8.04 (dd, J= 8.9, 2.5 Hz, 1H, H-6), 8.54 (d, J= 2.5 Hz, 1H, 

H-3);
 13

C-NMR (75 MHz, CDCl3)  80.5, 112.3, 125.7, 135.5, 139.1, 152.5 

 (2-iodo-4-nitro-phenyl)-carbamic acid tert-butyl ester (117) 

NH2

NO2

(Boc)2O, Et3N

Bu4NBr, CH2Cl2

HN

NO2

O

O

I I

(116) (117)

3 5

6

116 (1.5 g, 5.68 mmol), (Boc)2O (2.48 g, 11.36 mmol), tetrabutyl-

ammonium bromide (1.83 g, 5.68 mmol)  CH2Cl2 (14 ml)   Et3N (1.58 ml, 

11.36 mmol)  Ar(g)   24  (2x20 ml) 

 CH2Cl2  anh. Na2SO4  117

 (0.88 g, 43% yield); m.p. 115-118 °C; 
1
H-NMR (300 MHz, CDCl3)

1.48 (s, 9H, CH3), 7.11 (brs, 1H, NH), 8.10 (dd, J= 9.3, 2.4 Hz, 1H, H-5), 8.24 (d, J= 9.3 
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Hz, 1H, H-6), 8.52 (d, J= 2.4 Hz, 1H, H-3); 
13

C-NMR (75 MHz, CDCl3)  26.2, 80.6, 

83.9, 115.7, 122.9, 132.4, 140.6, 142.7, 149.7 

 2-bromo-N-(2-iodo-4-nitro-phenyl)-acetamide (118) 

HN
Br

O

I

NH2

NO2

I
Br

Br

O

(112)

K2CO3, CH2Cl2

(116) (118)

NO2

3 5

6

116 (2 g, 7.58 mmol), K2CO3 (1.78g, 12.89 mmol)  CH2Cl2 (50 

ml)  0-5°C   bromoacetyl bromide (0.99 ml, 11.37 

mmol)  CH2Cl2 (34 ml)  0-5°C  30  15 

 (50 ml)   CH2Cl2  anh. Na2SO4

118  (1.87 g, 64% yield); m.p. 114-117 °C; 
1
H-NMR 

(300 MHz, CDCl3)  4.12 (s, 2H, CH2), 8.26 (dd, J= 9.2, 2.5 Hz, 1H, H-5), 8.54 (d, J= 

9.2 Hz, 1H, H-6), 8.69 (d, J= 2.5 Hz, 1H, H-3), 8.96 (brs, 1H, N-H); 
13

C-NMR (75 MHz, 

CDCl3)  29.5, 119.6, 124.9, 134.4, 143.1, 144.1, 164.2 
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 1,4-naphthoquinone (98)  117,118  Heck coupling 

O

O

H

H

Pd(OAc)2, PPh3

    Et3N, DMF

O

O

HN O

O
H

(98)

(119)

HN
Br

O

I

HN

NO2

O

O

I

(117)

(118)NO2

+

Pd(OAc)2, PPh3

  Et3N, Toluene

NO2

O

O

HN
Br

O
H

(120)

NO2

 1,4-naphthoquinone (0.1g, 0.63 mmol), 2° amine (0.76 mmol), 

Pd(OAc)2 (5 mol%), PPh3 (15 mol%), Et3N (0.95 mmol)  DMF  toluene (2.5 ml) 

 Ar(g) reflux  120°C  2 

 (20 ml), CH2Cl2 (2x10 ml)   CH2Cl2  anh. Na2SO4

 column chromatrography (silica gel, 6:1 Hexane : 

EtOAc)  
1
H-NMR spectrum   amide 117 118

 2-iodo-4-nitroanline (116)  1,4-naphthoquinone (98)

 2-methylamino-1,4-naphthoquinone (121) 

O

O

H

H

(98)

O

O

H
N

H

CH3

(121)

33% MeNH2,

     EtOH

 1,4-naphthoquinone (98) (0.2, 1.26 mmol)  CH2Cl2 (0.3 ml) 

 33% MeNH2  (0.86 ml, 6.3 mmol)   microwave reactor 
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 3  850 W  2-methylamino-1,4-

naphthoquinone (121)  (0.18 g, 76% yield); m.p. 216-219 °C; 
1
H-NMR

(300 MHz, CDCl3)  2.93 (d, J= 5.4 Hz, 3H, NCH3), 5.72 (s, 1H, H-3), 5.98 (brs, 1H, 

NH), 7.61 (t, J= 7.5 Hz, 1H, H-6  H-7), 7.73 (t, J= 7.5 Hz, 1H, H-7  H-6), 8.03 

(d, J= 7.5, 1H, H-5  H-8), 8.10 (d, J= 7.5 Hz, 1H, H-8  H-5); 
13

C-NMR (75 MHz, 

CDCl3)  29.2, 100.6, 126.2, 130.5, 131.9, 133.7, 134.8, 148.9, 182.9 

 (2-iodo-phenyl)-acetyl chloride 

Cl

I

O

(123)

OH

I

O

SOCl2, Benzene,

         reflux

(122)

reflux  2-iodo phenylacetic acid (122) (0.3 g, 1.14 mmol), thionyl 

chloride (0.33 ml, 4.58 mmol)  benzene (1.5 ml)  1 

 acid chloride (123)  (0.32 g, 100 %yield); 

1
H-NMR (300 MHz, CDCl3)  4.33 (s, 2H,CH2), 7.03 (dt, J= 8.1, 1.8 Hz, 1H, H-4), 7.28 

(dd, J= 7.5, 1.8 Hz, 1H, H-6), 7.36 (dt, J= 7.5, 1.2 Hz, 1H, H-5), 7.88 (dd, J= 8.1, 1.2 

Hz, 1H, H-3) 
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 amide (124) 

O

O

H
N

H

CH3

(121)

+

Cl

I

O

(123)

        Et3N,

        

CHCl3 free EtOH

O

O

N

H

CH3 O

I

(124)

O

O

NH

CH3

O

O(124a)

9

10

12

13
14

15

16

3'

 (121) (0.13 g, 0.71 mmol), Et3N (0.49 ml, 3.56 mmol)  CHCl3 free 

EtOH   acid chloride (123)  

 3  (30 ml)  

CHCl3  CHCl3  3 N HCl (20 ml), H2O (20 ml)  5% NaHCO3 (20 ml)

CHCl3  anh. Na2SO4

column chromatography (silica gel, 15:1 Hexane : EtOAc)  amide 124  (124a)

 amide 124 (10 mg, 3.3% yield); 
1
H-NMR (300 MHz, CDCl3)  4.27 (s, 2H, 

CH2), 4.82 (s, 3H, NCH3), 7.42 (dt, J= 7.5, 1.5 Hz, 1H, H-14), 7.52 (dd, J= 7.8, 1.5, 1H, 

H-16), 7.68-7.72 (m, 2H, H-13  H-15), 7.96 (dt, J= 7.8, 1.2 Hz, 2H, H-6  H-7), 

8.18-8.22 (m, 2H, H-5  H-8) 

 124a (30 mg, 12% yield);
 1

H-NMR (300 MHz, CDCl3)   3.25 (s, 3H, 

NCH3), 6.09 (s, 1H, H-3’), 7.09 (dd, J= 7.9, 0.7 Hz, 1H, Ar-H), 7.22 (dt, J= 7.9, 1.7 Hz, 

1H, Ar-H), 7.27-7.35 (m, 2H, Ar-H), 7.46 (dd, J= 7.5, 1.1 Hz, 1H, Ar-H), 7.53 (dd, J= 

7.5, 1.1 Hz, 1H, Ar-H), 8.03 (dd, J= 7.9, 0.7 Hz, 1H, Ar-H); 
13

C-NMR (75 MHz, CDCl3)

26.1, 98.1, 105.0, 126.3, 127.6, 128.9, 129.2, 130.1, 130.3, 130.7, 130.9, 132.7, 134.3, 

134.9, 136.6, 139.7, 152.6, 168.4x2C, 184.0x2C
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 2-amino-1,4-naphthoquinone (125)

O

O

H

H

(98)

O

O

NH2

H

(125)

NaN3, HOAc

 1,4-naphthoquinone (98) (1g, 6.32 mmol)  glacial acetic acid (32 

ml)  NaN3 (0.82 g, 12.64 mmol)  (2.53 ml) 

 48  (100 ml)   NaHCO3

CH2Cl2 (2x40 ml)  CH2Cl2  sat. NaHCO3 (100 ml)  brine (100 ml)  

 CH2Cl2  anh. Na2SO4  2-

amino-1,4-naphthoquinone (125)  (0.82 g, 75% yield); m.p. 189-193 °C;

1
H-NMR (300 MHz, CDCl3)   5.21 (brs, 1H, N-H), 6.00 (s, 1H, H-3), 7.64 (dd, J= 7.5, 

1.2 Hz, 1H, H-6  H-7), 7.73 (dd, J= 7.5, 1.2 Hz, 1H, H-7  H-6), 8.07 (dd, J= 7.5, 

1.2 Hz, 2H, H-5  H-8);
 13

C-NMR (75 MHz, CDCl3)  105.1, 126.1, 126.8, 132.3, 

132.4, 134.6, 134.8, 148.3, 183.8

 amide (126) 

O

O

NH2

H

(125)

+

Cl

I

O

(123)

O

O

N

H

H
O

I

(126)

   dry THF

reflux, 100oC

8

5

9

10

11

12

13
14

15

16

 2-amino-1,4-naphthoquinone (125) (0.2 g, 1.15 mmol), acid chloride 

(123) (0.54g, 1.91 mmol)  dry THF  reflux  100°C 

 24  (30 ml)   CH2Cl2 (20ml)  

CH2Cl2  anh. Na2SO4 126

 (0.18g, 19% yield); m.p. 184-187°C; 
1
H-NMR (300 MHz, CDCl3)   3.91 (s, 2H, 

CH2), 6.79-7.03 (m, 1H, H-16), 7.34-7.36 (m, 2H, H-15  H-14) 7.62 (dd, J= 7.5, 1.5 
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Hz, 1H, H-6  H-7), 7.70 (dd, J= 7.5, 1.5 Hz, 1H, H-7  H-6), 7.78 (s, 1H, H-3), 

7.68 (d, J=7.9 Hz, 1H, H-13), 7.93-8.03 (m, 2H, H-5  H-8), 8.41 (brs, 1H, N-H); 
13

C-

NMR (75 MHz, CDCl3)  53.4, 101.03, 117.4, 126.4, 126.6, 126.9, 129.2, 129.9, 130.9, 

132.1, 133.3, 134.9, 136.9, 139.7, 140.1, 168.9, 180.9, 185.2 

 Intramolecular cyclisation  Heck coupling  126 

O

O

N

H

H
O

I

(126)

Pd(OAc)2, PPh3

  K2CO3, DMF

O

O

H
N

O

(127)

126 (62 mg, 0.15 mmol), Pd(OAc)2 (3.4 mg, 10 mol%), PPh3 (7.79 

mg, 20 mol%), K2CO3 (51 mg, 0.37 mmol)  DMF (2 ml)  Ar(g)  

 reflux  2  celite  

 column chromatography (silica gel, 10:1 Hexane : EtOAc)  

1
H-NMR spectrum  amide  2-amino-1,4-naphthoquinone 

(125)

 methylation  amide (126) 

O

O

N

H

H
O

I

(126)

O

O

N

H

CH3 O

I

CH3I, KOH

   DMSO

(128)

 KOH (8 mg, 0.14 mmol)  DMSO (0.2 ml) 

126 (40 mg, 0.11 mmol)  DMSO (0.2 ml)  15  MeI 

(8.9,µl, 0.14 mmol)  1  (2x20 ml), CH2Cl2 (10 
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ml)  anh. Na2SO4

1
H-NMR 

 2-amino-1,4-naphthoquinone (125)

 2,3-dibromo-2,3-dihydro-1,4-naphthoquinone (129) 

O

O

H

H

(98)

O

O

Br

Br

H

H

Br2,

HOAC

(129)

 (12.75 ml) (Br2 1 ml  CH3COOH 33 ml) 

 1,4-naphthoquinone (1 g, 6.32 mmol)  40 

 10  EtOAc (30 ml)  EtOAc  sat. 

NaHCO3 (3×40 ml)  brine (50 ml)   EtOAc  anh. Na2SO4

129  (1.84 g, 92% yield); 
1
H-

NMR (300 MHz, CDCl3)   5.00 (s, 2H, H-2  H-3), 7.86 (dd, J= 9.3, 2.4 Hz, 2H, H-6 

 H-7), 8.13 (dd, J= 9.3, 2.4 Hz, 2H, H-5  H-8) 

 2-bromo-1,4-naphthoquinone (130) 

O

O

Br

Br

H

H

O

O

Br

H

Microwave

850W, 4 min

(129) (130)

129 (1.84 g, 5.79 mmol)  (100 ml) 

microwave reactor 850W  4 

 2-bromo-1,4-naphthoquinone (130)  (0.98 g, 72% yield); 

m.p. 134-139 ºC; 
1
H-NMR (300 MHz, CDCl3)   7.53 (s, 1H, H-3), 7.79 (m, 2H, H-6 
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H-7), 8.09 (ddd, J= 9.0, 2.4, 0.9 Hz, 1H, H-5  H-8), 8.19 (ddd, J= 9.0, 2.4, 0.9 Hz, 

1H, H-8  H-5) 

 2,3-dibromo-1,4-naphthoquinone (131) 

O

O

Br

H

O

O

Br

Br

Br2 in HOAc

(130) (131)

 (6.38 ml) (Br2 1 ml  CH3COOH 33 ml) 

19 (0.75 g, 3.16 mmol)  40 

 10  EtOAc (20 ml)   EtOAc  sat. NaHCO3 (3×20 ml) 

 brine (20 ml)   EtOAc  anh. Na2SO4

 131  (0.80 g, 80% yield); m.p. 218-222 ºC 
1
H-NMR (300 MHz, 

CDCl3)   7.79 (dd, J= 9.0, 2.4 Hz, 2H, H-6  H-7), 8.13 (dd, J= 9.0, 2.4 Hz, 2H, H-5 

 H-8) 

 2-substitutedamino-3-bromo-1,4-naphthoquinones (133a-e) 

a. R1 = OCH3, R2 = OCH3, R3 = OCH3

b. R1 = H, R2 = OCH3, R3 = OCH3

c. R1 = H, R2, R3 =  -OCH2O-

d. R1 = H, R2 = OCH2Ph, R3 = OCH3

e. R1 = H, R2 = OCH3, R3 =H

O

O

Br

Br

(131)

O

O

Br

H
N

R1

R2

R3

+

NH2

R1

R2

R3

CH2Cl2-EtOH

(132a-e) (133a-e)

8

5

9

10

1112

13
14

15
16
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 2,3-dibromo-1,4-naphthoquinone (131) (0.5 g, 1.60 mmol)  CH2Cl2

(2 ml)   1ºamines (132a-132e) (2.08 mmol)  (2ml) 

 15 133a, 133d

 column chromatography (silica gel, 6:1 

Hexane : EtOAc) 133b, 133c, 133e

 133a (R1= OCH3, R2= OCH3, R3= OCH3)  (0.34 g, 

49% yield); IR (CH2Cl2) : 3429 (NH), 1735 (C=O), 1638 (C=O) cm
-1
;

1
H-NMR (300 MHz, 

CDCl3)  2.93 (t, J= 6.6 Hz, 2H, C-CH2), 3.83 (s, 3H, ArOCH3), 3.86 (s, 3H, ArOCH3),

3.93 (s, 3H, ArOCH3), 4.05-4.13 (m, 2H, N-CH2), 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  H-7), 7.69 (dt, J= 7.5, 1.2 

Hz, 1H, H-7  H-6), 7.99 (d, J= 7.5 Hz, H-8  H-5), 8.13 (d, J= 7.5 Hz, 1H, H-5 

 H-8); 
13

C-NMR (75 MHz, CDCl3)  29.9, 45.5, 54.9, 59.8, 89.9, 106.4, 122.8, 

123.5, 125.7, 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 C21H21BrNO5, 446.0603. Found, 446.0685 

(M+H)
+
.

 133b (R1= H, R2= OCH3, R3= OCH3)  (0.61 g, 66% yield); 

m.p. 154-158°C; IR (CH2Cl2) : 3423 (NH), 1735 (C=O), 1679 (C=O) cm
-1
;

1
H-NMR (300 

MHz, CDCl3)  2.93 (t, J= 6.9 Hz, 2H, C-CH2), 3.85 (s, 3H, ArOCH3), 3.88 (s, 3H, 

ArOCH3), 4.13 (t, J= 6.9 Hz, 2H, N-CH2), 6.75-6.83 (m, 3H, H-12, H-13, H-16), 7.62 (dd, 

J= 7.5, 1.5 Hz, 1H, H-6  H-7), 7.71 (dd, J=7.5, 1.2 Hz, 1H, H-7  H-6), 8.00 (dd, 

J= 7.5, 1.5 Hz, 1H, H-8,  H-5), 8.14 (dd, J= 7.5, 1.2 Hz, 1H, H-5  H-8); 
13

C-

NMR (75 MHz, CDCl3)  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 C20H19BrNO4, 416.0497. Found, 416.0574 (M+H)
+
.

 133c (R1= H, R2, R3= -OCH2O-)  (0.19 g, 75% yield); m.p. 

145-178°C, IR (CH2Cl2) : 3414 (NH), 1734 (C=O), 1608 (C=O) cm
-1
;

1
H-NMR (300 MHz, 

CDCl3)  2.82 (t, J= 7.0 Hz, 2H, C-CH2), 4.00 (apparent q, J= 6.8 Hz, 2H, N-CH2), 5.84 

(s, 2H, OCH2O), 5.97 (brs, 1H, N-H), 6.59-6.68 (m, 3H, H-12, H-13, H-16), 7.53 (t, J= 
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7.5 Hz, H-6  H-7), 7.62 (t, J= 7.5 Hz, 1H, H-7  H-6), 7.90 (d, J= 7.5 Hz, 1H, H-8 

 H-5), 8.04 (d, J= 7.5 Hz, 1H, H-5  H-8); 
13

C-NMR (75 MHz, CDCl3)  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 C19H15BrNO4, 400.0184. 

Found, 400.0252 (M+H)
+
.

 133d (R1= H, R2= OCH2Ph, R3= OCH3)  (0.51 g, 36% 

yield); IR (CH2Cl2) : 3427 (NH), 1734 (C=O), 1604 (C=O) cm
-1
;

1
H-NMR (300 MHz, 

CDCl3)  2.86 (t, J= 6.9 Hz, 2H, C-CH2), 3.86 (s, 3H, ArOCH3), 4.04 (dt, J=6.9, 6.6 Hz, 

1H, N-CH2), 5.15 (s, 2H, O-CH2), 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  H-7), 7.71 (dt, J= 

7.5, 1.5 Hz, H-7  H-6), 8.00 (d, J= 7.5 Hz, 1H, H-8  H-5), 8.14 (d, J= 7.5 Hz, 

1H, H-5  H-8); 
13

C-NMR (75 MHz, CDCl3)  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 

C21H21BrNO5, 492.0810. Found, 492.0909 (M+H)
+
.

 133e (R1= H, R2= OCH3, R3= H)  (0.22 g, 60% yield);  

m.p. 137-139 °C; IR (CH2Cl2) : 3427 (NH), 1735 (C=O), 1682 (C=O) cm
-1
;

1
H-NMR (300 

MHz, CDCl3)  2.89 (dd, J= 7.2, 6.9 Hz, 2H, C-CH2), 3.72 (s, 3H, ArOCH3), 4.07 

(apparent q, J= 6.9 Hz, 2H, N-CH2), 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  H-6), 7.64 (dt, J= 

7.5, 1.2 Hz, 1H, H-6,  H-7), 7.93 (d, J= 7.5 Hz, 1H, H-5  H-8), 8.07 (d, J= 7.5 

Hz, 1H, H-8  H-5); 
13

C-NMR (75 MHz, CDCl3)  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 
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 seven-membered heterocyclic naphthoquinones (139a-e) 

(133a-e) (134a-d) (135a-d)

O

O

Br

H
N

H
N

O

O

R1

R2

R3 R3

R2

R1

O

O

H

H
N

R1

R2

R3

+

Pd(OAc)2, PPh3,

K2CO3, Toluene,

      120oC
5

8
9

10

11
12

13

14

16
5

8 9

10

11

13

14

16

3

 133a (52.3 mg, 0.12 mmol), Pd(OAc)2 (2.7 mg, 0.012 

mmol), PPh3 (6.3 mg, 0.024 mmol), K2CO3 (48.6 mg, 0.35 mmol)  toluene (1.5 ml) 

 seal tube  Ar(g)  120°C  36 hr. 

 (20 ml)  EtOAc (2x10 ml)  anh. 

Na2SO4  column chromatography (Silica 

gel; 6:1 Hexane: EtOAc) 

 134a (R1=OCH3, R2=OCH3, R3=OCH3)  (7.7 mg, 18% 

yield); IR (CH2Cl2) : 3429 (NH), 1733 (C=O), 1635 (C=O) cm
-1
;

1
H-NMR (300 MHz, 

CDCl3)  3.12-3.14 (m, 2H, C-CH2), 3.81-3.84 (m, 2H, N-CH2), 3.87 (s, 3H, ArOCH3)

3.89 (s, 3H, ArOCH3), 3.94 (s, 3H, ArOCH3), 6.57 (brs, 1H, N-H), 6.94 (s, 1H, H-13), 

7.65 (dd, J= 7.6, 1.3 Hz ,1H, H-6  H-7), 7.77 (dd, J= 7.6, 1.3 Hz, 1H, H-7  H-6), 

8.09 (d, J=7.6 Hz, 1H, H-8  H-5), 8.22 (d, J=7.6 Hz, 1H, H-5  H-8); 
13

C-NMR

(75 MHz, CDCl3)  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 C21H20NO5, 366.1341. Found, 366.1415 (M+H)
+
.

 135a (R1= OCH3, R2= OCH3, R3= OCH3)  (13.3 mg, 

31% yield); m.p. 142-145 °C; IR (CH2Cl2) : 3388 (NH), 1735 (C=O), 1679 (C=O) cm
-1
;

1
H-NMR (300 MHz, CDCl3)  2.93 (dd, J= 6.9, 6.6 Hz, 2H, C-CH2), 3.36 (t, J= 6.9 Hz, 

1H, N-CHH), 3.40 (t, J= 6.6 Hz, 1H, N-CHH), 3.85 (s, 3H, ArOCH3), 3.89 (s, 3H, 

ArOCH3), 3.98 (s, 3H, ArOCH3), 5.78 (s, 1H, H-3), 6.33 (brs, 1H, N-H), 6.63 (d, J= 8.4 

Hz, 1H, H-12  H-13), 6.85 (d, J= 8.4 Hz, 1H, H-13  H-12), 7.60 (dt, J= 7.5, 1.2 

Hz, 1H, H-6  H-7), 7.71 (dt, J= 7.5, 1.2 Hz, 1H, H-7  H-6), 8.02 (dd, J=7.5, 1.2 
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Hz, 1H, H-8  H-5), 8.09 (dd, J=7.5, 1.2 Hz, 1H, H-5  H-8); 
13

C-NMR (75 MHz, 

CDCl3)  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 C21H22NO5, 368.1498. Found, 368.1579 (M+H)
+
.

 134b (R1= H, R2= OCH3, R3= OCH3) , (11.5 mg, 

7.3% yield); IR (CH2Cl2) : 3426 (NH), 1734 (C=O); 1606 (C=O) cm
-1
;

1
H-NMR (300 

MHz, CDCl3)  2.96-3.00 (m, 2H, C-CH2), 3.83-3.87 (m, 2H, N-CH2), 3.90 (s, 3H, 

ArOCH3), 3.91 (s, 3H, ArOCH3), 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  H-7), 7.74 (dt, J= 7.6, 1.3 Hz, 1H, H-7 

H-6), 8.07 (d, J= 7.6 Hz, 1H, H-8  H-5), 8.20 (d, J= 7.6 Hz, 1H, H-5  H-8); 
13

C-

NMR (75 MHz, CDCl3)  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 C20H18NO4, 336.1236. Found, 336.1301 (M+H)
+
.

 135b (R1= H, R2= OCH3, R3= OCH3)  (36.8 mg, 28% 

yield); m.p. 140-142 ºC; IR (CH2Cl2) : 3427 (NH), 1733 (C=O), 1605 (C=O) cm
-1
;

1
H-

NMR (300 MHz, CDCl3)  2.83 (dd, J= 7.2, 6.9 Hz, 2H, C-CH2), 3.33 (apparent q, J= 

6.9 Hz, 2H, N-CH2), 3.77 (s, 3H, ArOCH3), 3.78 (s, 3H, ArOCH3), 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  H-7), 7.61 (dt, J= 7.5, 1.2 Hz, 1H, H-7  H-6), 7.90 (dd, J= 7.5, 1.2 Hz, 1H, 

H-8  H-5), 7.96 (dd, J= 7.5, 1.2 Hz, 1H, H-5  H-8); 
13

C-NMR (75 MHz, CDCl3)

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 C20H20NO4,

338.1392. Found, 338.1456 (M+H)
+
.

 134c (R1= H, R2, R3= -OCH2O-) (5 mg, 5% yield);

m.p. 275-279 ºC; IR (CH2Cl2) : 3418 (NH), 1734 (C=O), 1606 (C=O) cm
-1
;

1
H-NMR (300 

MHz, CDCl3)  2.94-2.98 (t, 2H, C-CH2), 3.83-3.90 (m, 2H, N-CH2), 5.99 (s, 2H, 

OCH2O), 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  H-7), 7.77 (dt, J= 7.5, 1.3 Hz, 1H, H-7  H-6), 8.08 (dd, H= 7.5, 

1.3 Hz, 1H, H-8  H-5), 8.21 (dd, J= 7.5, 1.3 Hz, 1H, H-5  H-8);
13

C-NMR (75 
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MHz, CDCl3)  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 C19H14NO4, 320.0923. Found, 320.0984 (M+H)
+
.

 135c (R1= H, R2, R3= -OCH2O-)  (27.5 mg, 26% 

yield); m.p. 150-153 ºC; IR (CH2Cl2) : 3391 (NH), 1732 (C=O), 1609 (C=O) cm
-1
;

1
H-

NMR (300 MHz, CDCl3)  2.78 (t, J= 7.0 Hz, 1H, C-CH2), 3.30 (apparent q, J=7.0 Hz, 

2H, N-CH2), 5.66 (s, 1H, H-3), 5.82 (s, 2H, OCH2O), 5.93 (brs, 1H, N-H), 6.55-6.59 (m, 

2H, H-13  H-16), 6.65 (d, J= 7.8 Hz, 1H, H-12), 7.49 (dt, J= 7.5, 1.2 Hz, 1H, H-6 

 H-7), 7.61 (dt, J= 7.5, 1.2 Hz, 1H, H-7  H-6), 7.89 (dd, J= 7.5, 1.2 Hz, 1H, H-8 

 H-5), 7.98 (dd, J=7.5, 1.2 Hz, 1H, H-5  H-8); 
13

C-NMR (75 MHz, CDCl3)

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 C19H15NO4,

322.1079. Found, 322.1148 (M+H)
+
.

 134d (R1= H, R2= OCH2Ph, R3= OCH3)  (18 mg, 14% 

yield); m.p. 194-196 ºC; IR (CH2Cl2) : 3429 (NH), 1735 (C=O), 1635 (C=O) cm
-1
;

1
H-

NMR (300 MHz, CDCl3)  2.88-2.92 (m, 2H, C-CH2), 3.79-3.82 (m, 2H, N-CH2), 3.91 (s, 

3H, ArOCH3), 5.76 (s, 2H, OCH2), 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  H-7), 7.75 (t, J= 7.5 Hz, 

1H, H-7  H-6), 8.06 (d, J=7.5 Hz, 1H, H-8  H-5), 8.20 (d, J=7.5 Hz, 1H, H-5 

H-8);
13

C-NMR (75 MHz, CDCl3)  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 C26H22NO4, 412.1549. 

Found, 412.1634 (M+H)
+
.

 135d (R1= H, R2= OCH2Ph, R3= OCH3)  (30 mg, 23% 

yield); m.p. 136-138 ºC; IR (CH2Cl2) : 3391 (NH), 1733 (C=O), 1609 (C=O) cm
-1
;

1
H-

NMR (300 MHz, CDCl3)  2.85 (dd, J= 7.2, 6.9 Hz, 1H, C-CH2), 33.4 (dt, J= 6.9, 6.6 

Hz, 1H, N-CH2), 3.87 (s, 3H, ArOCH3), 5.14 (s, 2H, O-CH2), 5.74 (s, 1H, H-3), 5.91 (brs, 

1H, N-H), 6.74-6.78 (m, 2H, H-13  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  H-7), 7.71 (dt, J= 
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7.5, 1.2 Hz, 1H, H-7  H-6), 8.00 (d, J= 7.5 Hz, H-8  H-5), 8.10 (s, J= 7.5 Hz, 

1H, H-5  H-8); 
13

C-NMR (75 MHz, CDCl3)  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 C26H24NO4,

414.1705. Found, 414.1787 (M+H)
+
.
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DMSO   = dimethyl sulfoxide 

EtOAc            = ethyl acetate 

THF   = tetrahydrofuran 

DMF   = dimethylformamide 

Hex  = hexane 

H2SO4  = sulfuric acid 

CH2Cl2  = dichloromethane 

MeOH   = methanol 

EtOH  = ethanol 

CH3CN  = acetonitile 

Ac   = acetyl 

Boc   = tert-butyloxycarbonyl

g   = gram 

NMR   = Nuclear Magnetic Resonance  

CDCl3   = deuterochloroform 

  = chemical shift relative to tetramethylsilane(TMS) 

q   = quartet 

s   = singlet 

brs   = broad singlet 

m   = multiple 

t   = triplet 

d   = doublet 

dd   = doublets of doublet  

J  = coupling constant 

Hz   = hertz 

IR   = Infrared 

MIC   = Minimum Inhibitory Concentration 

MHz   = megahertz 

mg   = milligram 

mL   = milliliter  

ppm  = part per milion 
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 naphthoquinone 

- Nutrient broth  NB 

- Nutrient agar  NA  Nutrient broth  

agar  1% NA , 1.5% NA 

- Nutrient broth (NB)     

-    1% Nutrient agar(1% NA) 

- 1.5% Nutrient agar (1.5% NA)

-
Bacillus Cereus 

Staphylococcus aureus 

Micrococcus luteus

Salmonella

Escherichia coli

-  10 

- Paper disk (  50 l)

- CHCl3, 50% CHCl3 : EtOH 

1.  120 C

2.  1.5% NA  pad  52 pad 
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3.  stock  1.5% NA 

 1 pad  5 pad  5 

4.  3  24  37 C

                        Bacillus Cereus                  Staphylococcus aureus 

5.  NB  8 ml  5  1% 

NA  9.9 ml   52  120   C

 5 C

6.  pad  4  NB  5 

  37  C  24  NB 
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7.  naphthoquinone   1000,

     500,250, 100 g/ml  CHCl3

8.  micropipette  peper disk 

50 µl  CHCl3

ethanol

9.  peper disk  pad  1 pad 

 naphthoquinone 1  4  CHCl3

 1  peper disk  5 
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10.  1% NA  5 

 55  C

  55   C

 NA 

11.  NB  6  100 µl  1% NA 

10  peper disk  9

12.  37 C  24 

13.

 peper disk 

  inhibition zone 
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