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Abstract

A mild, simple, efficient and eco-friendly convenient general method for the synthesis of
2-amino-1,4-napthoquinones from 1,4-naphthoquinones and anilines using PEG-400 as a solvent
under mild conditions.
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Introduction

Functionalized heterocyclic building blocks are of great importance in both medicinal and
synthetic chemistry and development of new efficient synthetic methodologies for these scaffolds
remains a great challenge in modern organic synthesis.! Quinones, including 1,4-naphthoquinones
are ubiquitous in nature?’ and several well-known clinically important anticancer drugs used to
treat solid tumours such as anthracyclines, mitoxantrones and saintopin (e.g. doxorubicin,
idarubicin, mitomycin and mitoxantrone) shows excellent anticancer activity which possess a
quinonoid structure.*>

These anticancer agents are effective inhibitors of DNA topoisomerase, and it is generally
known that the cytotoxicity of quinine analogues results from the inhibition of DNA
topoisomerase 1.5 The DNA intercalative ability of quinonoid antitumor agents, such as
daunorubicine, doxorubicine, mitoxantrone, and mitomycin C is due to their large and planar
polycyclic structures, which facilitates the binding between the base pairs through hydrogen bonds
and p-stacking interactions.!®!!

Even simple 1,4-NQs bearing limited substituents generally possess a wide spectrum of
biological activities. For example, alkylamino-substituted 1,4-NQ (I) showed dose-dependent
antiangiogenic activity in rat aortic ring assay.'? Phenylamino substituted 1,4-NQ (1) belongs to
a class of antimycrob acterial agents.!* 1,4-NQ (III) bearing a benzylamino substituent is an
analogue of vitamin K possessing neuroprotective effects against neuronal oxidative stress.'* (Fig
1) The presence of the nitrogen atom allows modulation of the substituent’s effects on the
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electronic properties of the quinone system, as well as modification of the geometry of the neutral
molecules and of their reduction intermediates.
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Fig 1. Structures of 1,4-NQ (I), (II) and (III).

Hence among the 1,4-naphthoquinones, synthetic and natural 2-amino-1,4-naphthoquinone
derivatives are interesting molecules and many of them find use in a variety of medicinal and
biological applications!>!® for example as anti-tuberculars,!” antimalarials,'® antibacterials,'®-*
antitumor agents,?!? larvicides, herbicides, fungicides,®"! 1,26

molluscicidal,?® cytotoxic,?’ anti-
tumor?® and antibacterial®® activities. And also they serve as photosystem I electron acceptors **
and as potential anti-tumor agents. *'** In addition, due to their functional properties they have
found wide industrial applications in color chemistry®* and hair dying®> as well as
photostabilizers.*

The 1,4-naphthoquinone pharmacophore, has been shown to impart anticancer activity
in a number of pharmaceutics, for example, shikonin, a natural product isolated from the Chinese
medicinal herb zicao (purple gromwell, the dried root of Lithospermum erythrorhizon) has
demonstrated excellent anti-tumour potential through the inhibition of Epidermal growth Factor
Receptor (EGFR) signalling in human epidermoid carcinoma cells.”>”® Another promising lead
compound atovaquone, a hydroxy-1,4-naphthoquinone, is an anti-parasitic drug that selectively
targets the mitochondrial respiratory chain of the malaria parasite.”*’> The anti-cancer activity of
2-piperidinyl and 2-piperazinyl analogues was evaluated on a range of human cancer cell lines
using doxorubicin as a positive control.”” And 2-arizidinyl- and 2,3-bis-(arizidinyl)-1,4-
naphthoquinonyl sulfonate and acylate derivatives that are irreversibly bound and capable of redox
cycling in malaria-infested red blood cells.”® The 2-Hydroxyjuglones isolated from the plant tissue
of the black walnut (Juglans nigra), naturally occurring 2-methoxy-1,4-naphthoquinones, shikonin
and arnebin include the naphthoquinone pharmacophore and exhibit pronounced anti-fungal
properties against a number of fungal strains.”’

Frequently used pharmaceuticals containing the naphthoquinone pharmacophore
including; menadione (2-methyl-1,4-naphthoquinone), plumbagin (2-methyl-5-hydroxy-1,4-
naphthoquinone) and lapachol [2-hydroxy-3-(3-methyl-2-butenyl)-1,4-naphthoquinone] exhibit
trypanocidal activities against varied parasitic flagellate protozoa and Leishmania that are
responsible for several human diseases such as African sleeping sickness (7rypanosoma brucei
rhodesiense and Trypanosoma brucei gambiense), Kala-azar (Leishmania donovani) and Chagas
disease (Trypanosoma cruzi).”® And all the above mentioned compounds are displayed in the (Fig.
2).
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The 2-amino-1,4-naphthoquinone moiety can be even found in natural products, such as
echinamines A and B *’ from the sea urchin Scaphechinus mirabilis and hygrocins A and B from
Streptomyces hygroscopicus. (Fig 3). Furthermore, the aminonaphthoquinone moiety is a
component of the molecular framework of several natural products (e.g. rifamycins,
kinamycins,** rifampicins,*! streptovaricins,** etc.) and has been used as a synthetic key
intermediate for benzo[bJacridine-6,11-diones,***>  benzo[flindole-4,9- diones,**¢1H-1-
azaanthracene-9,10-diones*’ and 1,2,3 4-tetrahydrobenzo[quinazoline-5,10-diones.*3

=
'—R.
OH O OH
R= OH (Shikonin) 2-p§perja;inyl naphthoquinone (X=N)
R= H (Amebin) Atovaquone 2-piperidinyl naphthoquinone (X=CH)
0
0
“Ck OH O
O Q‘ ,
0
R,-8-0 O OH I
"
G . 2-methoxy-1,4-
2-arizidinyl- & 2,3-bis{arizidinyl)- 2-hydroxyjuglone naphthoquinone

1,4-naphthoquinonyl sulfonate
and acylate derivatives

o} 0
0]
LI’
0 OH O OH
Menadione X
Vitamin K3 Plumbagin Lapachol
0 N N 0o 0
N
ﬁ 1Y CrCs
Arv]
H.N‘)
—'R. 0
S
Anti mycobacterial Anti proliferative
agent'®? agent'?®

Fig 2. Selected examples of bio-active and naturally occurring 1,4-napthoquinones
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Fig 3. Structure of Echinamines A & B

In general, there are two main synthetic strategies for the synthesis of 2-amino-1,4-
naphthoquinones: one approach involves the nucleophilic displacement of a halogenated 1,4-
naphthoquinone.**->® The second approach is typically performed via a Michael addition of an
amine with 1,4 naphthoquinone.’’%* However, both methods are unpractical and tedious and
usually give very low yields and many side products, especially with primary amines. The mixture
of compounds obtained in these reactions are a consequence of the physicochemical properties of
1,4-naphthoquinone: the presence of several electrophilic centers of comparable reactivity leads
to the formation of 1,4- and 1,2-addition adducts and the redox properties of the naphthoquinone
favour the formation of an inert 1,4-naphthodiol. These drawbacks, in conjunction with the
difficulties encountered during their chromatographic purification®® makes these methods
synthetically unattractive. Therefore, developing a benign, eco-friendly, mild and easy general
procedure to access 2-amino-1,4-napthoquinones with simple substrates remains a continued
strong demand.

In view of the environmental aspects, designing of novel, catalyst-free methods to
synthesize a variety of pharmacological agents has acquired immense importance in recent years. %
Replacement of hazardous solvents with environmentally benign solvents®’ is one of the major
focus areas of green chemistry. Also, catalyst-free synthetic methods not only for laboratory
synthesis but also in the chemical industry have acquired immense interest because of reduced
pollution, lower cost, mild conditions, and ease of purification.®

Based on the above facts, in continuation of our studies in developing inexpensive and
environmentally benign methodologies for the synthesis of bioactive molecules, herein, the author
has reported a new methodology for 2-amino-1,4-napthoquinones from 1,4-naphthoquinones and
anilines using PEG as a solvent (Scheme 1).
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Scheme 1: Preparation of 2-amino-1,4-napthoquinones
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Results and Discussion

The author initially attempted her study with the reaction of 1,4-naphthoquinone (1a) and
aniline (2a) at 80 °C without any solvent. The product was obtained in very low yield after
prolonged time. Therefore her investigation was focused for the search of suitable solvent. At first
she tested her reaction in THF solvent at 80 °C. As a result she observed long reaction times with
poor yields (Table 1, entry 6). Then she moved the reaction with toulene and dioxane as solvents
at 80 °C. Hopefully she observed the formation of the desired product 3a, albeit in a low yield of
48 and 52 % respectively. (Table 1, entries 1and 2). Next she checked the reaction with isopropyl
alcohol (IPA), acetonitrile and n-butyl alcohol (n-BuOH) as solvents at 80 °C, surprisingly the
yields were noted to be increased 60, 62, 70% respectively (Table 1, entries 3, 4 and 5). To further
explore the effect of solvent on the reaction medium we choose PEG as solvent at 80 °C and it was
found that the yield was increased with wide variation when compared with previous solvents as
89 % (Table 1, entries 8, 9 and 10). For a change she conducted the same reaction at room
temperature but comparatively the yields were low 40% (Table 1, entries 7). On observing
different solvents reaction times and yields in (Table 1), she concluded that aprotic solvents like
toluene, dioxane gave no positive effects, whereas protic solvents like isopropyl alcohol (IPA) or
polyethylene glycol (PEG) improved the yield and declined the reaction time. However, PEG had
superior solvent effects for this reaction and was therefore used for all subsequent reactions.

Table 1. Effect of various solvents in the synthesis of 3a

Solvent Temp Time  Yield(
°C) (min)  %)*

1 Toluene 80 35 48
2 1,4-dioxane 80 40 52
3 IPA 80 25 60
4 Acetonitrile 80 35 62
5 n-BuOH 80 30 70
6 THF 80 100 35
7 PEG 400 rt 120 40
8 PEG 200 80 10 89
9 PEG 300 80 10 89
10 PEG 400 80 10 89

a-Isolated yield after column chromatography

To explore the generality and scope of the method, the optimized reaction conditions 1,4-
naphthoquinones (1a) (1.7 mmol), aniline (2a) (1.8 mmol) and PEG (0.5 mL), at 80 °C were
applied to various structurally diverse 1,4-naphthoquinone and anilines (Table 2).
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By prompting this success, the author extended the reaction of 1,4-naphthoquinone with a
wide range of other amines under similar conditions at 80 °C (Scheme 1), furnishing the 2-amino-
1,4-naphthoquinone compounds in moderate to excellent yields (Table 2). She found the wide
applicability and usefulness of this method. As shown in Table 2, she found that the reaction of
aromatic amines bearing electron-donating groups with 1,4-naphthoquinone can proceed
effectively to provide the desired products in excellent yields (80—-86%, Table 2, entries 2, 3, 5, 6
and 7). Even primary and secondary aliphatic amines such as, butan-1-amine 2j, pyrrolidine 2i,
piperidine 21 and morpholine 2m react with 1,4-naphthoquinone to afford the desired products in
moderate to excellent yields (70-88%, Table 2, entries 10-13). However, the yield of
diphenylamine 2i (Table 2, entrie 9) is low, presumably because of steric hinderance when
compared with other amines.

To check the reusability of polyethylene glycol, a mixture of 1,4-naphthoquinone (1a),
aniline (2a) and polyethylene glycol was stirred at 80 °C for 10 min. After the completion of the
reaction (monitored by TLC), the mixture was extracted with EtOAc (3 x 20 mL). The retained
polyethylene glycol phase was reused three consecutive times with only a slight variation in the
yields of the obtained products (89%, 85% and 82%).

Table 2. PEG catalyzed synthesis of 2-amino-1,4-napthoquinones derivatives.
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Conclusion

In conclusion, the author has developed a mild, simple, efficient and eco-friendly
convenient general method for the synthesis of 2-amino-1,4-napthoquinones from 1,4-
naphthoquinones and anilines using PEG-400 as a solvent under mild conditions. The advantages
of this procedure is the use of an environmentally benign solvent, the wide scope of the reactants
and satisfactory product yields. 2-Amino-1,4-napthoquinones derivatives are biologically and
pharmaceutically active molecules, and therefore, the present protocol could be of wide application
in medicinal chemistry and organic chemistry.
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Melting points were recorded on a Mel-Temp melting point apparatus and are uncorrected. Unless
otherwise stated, all the materials were obtained from the commercial suppliers and are used
without further purification. Chromatography was carried on silica gel (100-200 mesh). All the
reactions were monitored by thin-layer chromatography and the spots were visualized under UV
light. The 'H NMR (400 MHz), *C NMR (100 MHz) spectra were recorded on a Bruker AMX 400
MHz NMR spectrometer using TMS as internal standard and the values for chemical shifts (8)
being given in ppm and coupling constants (J) in Hertz (Hz). Mass spectra were recorded on an
Agilent 1100 LC/MSD. All yields refer to isolated ones.

General experimental procedure for the synthesis of 2-amino-1,4-naphthoquinone derivatives
(3a-3m):
A mixture of 1,4-naphthoquinone 1 (1.8 mmol), aniline 2 (1.7 mmol) and PEG-400 (0.5

ml) was heated to 80 °C for 10 minutes. After completion of the reaction as monitored by TLC,

reaction mixture was cooled to room temperature, aqueous NaCOj3 solution (10 ml) was added

and extracted with ethyl acetate (2 x 15 ml). The combined organic layers were dried over
anhydrous Na>SO4 and concentrated under reduced pressure to get crude. The crude was purified
by silica gel column chromatography using EtOAc : hexane as eluents to afford pure 3a-m.

Characterization data of all synthesized compounds:

OO

(@)

3a

2-(Phenylamino)-1,4-naphthoquinone (3a): Mp: 192-194 °C; '"TH NMR (400 MHz, CDCl3): 6
=6.38 (s, 1H), 7.13 (d, j=4 Hz, 1H), 7.21 (d, j= 4 Hz, 2H), 7.34-7.40 (m, 2H), 7.58(d, 1H), 7.77-
7.79 (m, 2H), 8.12-8.14 (m, 1H), 8.19-8.21 (m, 1H); 3C NMR (100 MHz, CDCl3): § = 103.41,
122.64, 125.64, 126.18, 126.54, 129.71, 132.36, 134.93, 137.46, 144.76, 182.07, 183.95;, LCMS:
m/z =249 [M]"; Anal. Calcd for C1¢H11NO2: C, 77.10; H, 4.45; N, 5.62. Found: C, 81.15; H, 4.55;
0, 14.41.

e
(@) H 0]
SCAs
(@)
3b

2-(2-Methoxyanilino)-1,4-naphthoquinone (3b)%': Mp: 152-154 °C; 'H NMR (400 MHz,
DMSO-d6): & =3.86 (s, 3H), 5.79 (s, 1H), 7.05 (td, J = 7.6, 1.24 Hz, 1H), 7.18 (dd, J =8.2, 1.2
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Hz, 1H),7.28 (td,J=8.0, 1.4 Hz, 1H),7.38(dd,J=8.2, 1.2 Hz, 1H), 7.80 (td,J= 7.5, 1.4 Hz,
1H),7.87 (td,J=7.4, 1.6 Hz, 1H),7.96 (dd,J= 7.4, 1.2 Hz, 1H), 8.07 (dd,J=7.6,1.4 Hz, 1H),
8.66 (s, 1H); 3C NMR (100 MHz, DMSO-d6): 6 = 55.75 , 102.52 , 112.14 , 120.83 , 124.22 ,
125.33 , 126.09 , 126.11 ,126.89 , 130.24 ,132.62 , 132.65 , 134.97 ,145.49 ,152.31 , 181.49 ,
182.29; LCMS: m/z =279 [M]+, Anal. Calcd for C17H13NOs: C, 73.11; H, 4.69; N, 5.02. Found:

C, 81.15; H, 4.55; O, 14.41.
[)\O/

3c

0O

(0]

H
N

2-(4-Methoxyphenylamino)-1,4-naphthoquinone (3¢): Mp: 157-159 °C; "TH NMR (400 MHz,
CDCl): 6 = 3.85 (s, 3H), 6.25 (s, 1H), 6.97 (d, J = 8.0 Hz, 2H), 7.21-7.28 (m, 2H), 7.46 (s, 1H),
7.66-7.70 (m, 1H), 7.75-7.79 (m, 1H), 8.11-8.14 (m, 2H); '3C NMR (100 MHz, CDCl): § =
55.57, 102.50, 114.49, 114.94, 124.86, 126.16, 126.46, 130.01, 130.43,132.22, 133.40, 134.89,
145.72, 157.71, 182.16, 183.73; LCMS: m/z =279 [M]+, Anal. Calcd for C;7Hi3NOs: C, 73.11;
H, 4.69; N, 5.02. Found: C, 81.15; H, 4.55; O, 14.41.

0]

H
UL
F

0]

3d

2-(4-Fluoroaniline)-1,4-naphthoquinone (3d)*': Mp: 162-164 °C; 'H NMR (400 MHz,
DMSO-d6): 6 = 6.00 (s, 1H), 7.24-7.33 (m, 2H), 7.37-7.45 (m, 2H), 7.78 (t, J = 7.2 Hz, 1H),
7.86 (t,J =7.4 Hz, 1H),7.95(d,J = 8.2 Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H), 9.24 (s, 1H); 3C NMR
(100 MHz, DMSO-d6): 6 =101.74,116.06 , 125.25, 126.00,126.09 , 130.40, 132.56 , 132.61 ,
134.33 , 134.88 , 146.56 , 159.36 ,181.48 , 182.4, LCMS: m/z = 267 [M]+, Anal. Calcd for
Ci6H10FNO2: C, 79.91; H, 3.77; N, 5.24, Found: C, 81.15; H, 4.55; O, 14.41.

? H
COr L
(@)
3e
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2-(p-Tolylamino)-1,4-naphthoquinone (3¢): Mp: 199-201 °C; 'TH NMR (400 MHz, CDCl3): &
=2.39 (s, 3H), 6.39 (s, 1H), 7.20-7.28 (m, 6H), 7.67-7.71 (t, J= 8.0 Hz, 1H), 7.76-7.80 (t, J= 8.0
Hz, 1H), 8.12-8.15 (m, 2H); 3C NMR (100 MHz, CDCl3): 6 = 21.01, 103.03, 122.75, 126.17,
126.51, 130.26, 130.41, 132.29, 133.33, 134.74, 134.92, 135.68, 145.05, 182.17, 183.88; LCMS:
m/z =263 [M]"; Anal. Calcd for C17H13NOz: C, 77.55; H, 4.98; N, 5.32. Found: C, 81.15; H, 4.55;

0, 14.41.

2 H

Cr

(0]

3f

2-(o-Tolylamino)naphthalene-1,4-naphthoquinone (3f)%?: Mp: 149-151 °C; '"H NMR (400
MHz, CDCh): & = 2.30 (s, 3H), 5.98 (s, 1H), 7.19-7.33 (m, 5H), 7.67 (t, J =7.2 Hz, 1H), 7.76 (t,
J =7.6 Hz, 1H), 8.13 (t, J = 5.6 Hz, 2H); '3C NMR (100 MHz, CDCl3): § = 15.09, 103.10,
123.70, 126.20, 126.71, 130.32, 130.72, 132.40, 133.41, 134.69, 135.02, 135.86, 145.10, 182.19,
183.95; LCMS: m/z = 263 [M]"; Anal. Calcd for C17H;3NO2: C, 77.55; H, 4.98; N, 5.32. Found:
C, 81.15; H, 4.55; O, 14.41.

3g

2-(Benzylamino)-1,4-naphthoquinone (3g): Mp: 159-161 °C; '"TH NMR (400 MHz, CDCls): §
=4.40 (s, 2H), 5.86 (s, 1H), 6.29 (s, 1H), 7.28-7.43 (m, 5H), 7.63-7.67 (m, 1H), 7.73-7.77 (m, 1H),
8.07-8.13 (m, 2H); 13C NMR (100 MHz, CDCl3): § = 46.88, 101.59, 126.29, 126.38, 127.69,
128.19, 129.05, 130.49, 132.15, 133.50, 134.84, 135. 81, 147.89, 181.76, 183.08; LCMS: m/z =
263 [M]"; Anal. Calcd for Ci7H13NO2: C, 77.55; H, 4.78; N, 5.32. Found: C, 81.15; H, 4.55; O,
14.41.

o , F
SOL®
(@)
3h
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2-(2-Fluorophenylamino)-1,4-naphthoquinone (3h)®': Mp: 159-161 °C; "H NMR (400 MHz,
DMSO-d6): 6 =5.56 (d, J = 3.1 Hz, 1H ), 7.27-7.34 (m, 1H), 7.35-7.42 (m, 2H), 7.45 (td, J =
74,1.2Hz,1H),7.80 (td, J = 7.4, 1.6 Hz, 1H), 7.87 (td, J = 7.4,1.2 Hz, 1H), 7.95 (dd, J = 7.8,
1.2 Hz, 1H), 8.07 (dd, J = 7.4, 1.2 Hz, 1H), 9.13 (s, 1H); *C NMR (100 MHz, DMSO-d6): & =
102.92, 116.56, 125.18, 125.23, 125.35, 126.11,127.78, 128.31, 130.33, 132.46, 132.74, 134.91,
146.79, 156.12, 181.15, 182.39; LCMS: m/z =267 [M]+, Anal. Calcd for CisH10FNO»: C, 79.91;
H, 3.77; N, 5.24, Found: C, 81.15; H, 4.55; O, 14.41.

O
COD

3i

2-(Diphenylamino)-1,4-naphthoquinone (3i): Mp: 160-162 °C; "TH NMR (400 MHz, CDCl3):
0 =6.83-6.92 (m, 1H), 7.07-7.13 (m, 2H), 7.15 (d, J= 8.0 Hz, 2H), 7.23 (d, J= 8.0 Hz, 2H), 7.34-
7.38 (t, 2H), 7.59 (d, j= 8.0Hz, 2H), 7.78-7.80 (m, 2H), 8.12-8.14 (m, 1H), 8.19-8.21 (m, 1H); 13C
NMR (100 MHz, CDCl3): 6 = 116.01, 119.91, 122.84, 123.84, 125.85, 126.61, 127.01, 128.28,
129.54, 129.86, 131.10, 132.24, 132.51, 132.72, 133.64, 133.72, 135.03, 147.26, 185.06, 185.22;
LCMS: m/z =325 [M]"; Anal. Calcd for C2oH;sNOa: C, 81.21; H, 4.65; N, 4.30. Found: C, 81.15;
H, 4.55; O, 14.41.

O H
DO
(@)
3j

2-(Butylamino)-1,4-naphthoquinone (3j)%*: Mp: 120-122 °C; 'H NMR (400 MHz, CDCl3): §
=0.96-1.00 (m, 3H), 1.42—1.49 (m, 2H), 1.66—1.72 (m, 2H), 3.17-3.21 (m, 2H), 5.74 (s, 1H), 5.90
(s, 1H),7.62 (t,J = 7.6 Hz, 1H), 7.74 (t,J = 7.4 Hz, 1H), 8.04-8.12 (m, 2H). 3C NMR (100 MHz,
CDClI:3): 6 =14.2, 21.4, 33.6,45.6, 61.3, 112.9, 127.10, 133.42, 133.90, 134.25, 156.22, 184.19,
185.53; LCMS: m/z =229 [M]"; Anal. Calcd for C14HsNO: C, 73.34; H, 6.59; N, 6.11. Found:
C, 81.15; H, 4.55; 0, 14.41.
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3k

2-(Pyrrolidin-1-yl)-1,4-naphthoquinone (3k)**: Mp: 160-162 °C; '"H NMR (400 MHz, CDCl3):
6 =2.02 (s, 4H), 3.23 (s, 2H), 3.99 (s, 2H), 5.75 (s, 1H), 7.59-7.72 (m, 2H), 8.01-8.08 (m, 2H);
I3C NMR (100 MHz, CDCl3): § =26.0, 52.2, 65.3, 108.9, 125.44, 126.60, 132.22, 132.58, 132.97,
133.75, 154.14, 183.39, 183.53; LCMS: m/z = 227 [M]"; Anal. Calcd for C14H3NO2: C, 73.99;
H, 5.77; N, 6.16. Found: C, 81.15; H, 4.55; O, 14.41.

O

31

2-(Piperidin-1-yl)-1,4-naphthoquinone (31): Mp: 82-84 °C; 'H NMR (400 MHz, CDCl3): § =
1.73 (s, 6H), 3.51 (s, 4H), 6.03 (s, 1H), 7.61-7.65 (m, 1H), 7.67-7.71 (m, 1H), 7.99 (d, J= 8.0Hz,
1H), 8.04 (d, J= 8.0Hz, 1H); 13C NMR (100 MHz, CDCl3): § = 24.32, 25.76, 50.44, 110.35,
125.44, 126.60, 132.22, 132.58, 132.97, 133.75, 154.14, 183.39, 183.53; LCMS: m/z = 241 [M]";
Anal. Calcd for CisHisNOq: C, 74.67; H, 6.27; N, 5.81. Found: C, 81.15; H, 4.55; O, 14.41.

o (o

.
(L)

o)

3m

2-Morpholino-1,4-naphthoquinone (3m): Mp: 151-153°C; "TH NMR (400 MHz, CDCl3): 6 =
3.52(s, 4H), 3.88 (s, 4H), 6.04 (s, 1H), 7.67-7.72 (m, 2H), 8.01-8.07 (m, 2 H); '*C NMR (100
MHz, CDCl3): & = 43.33, 49.17, 63.83, 66.43, 111.97, 125.63, 126.73, 132.24, 133.73, 133.98,
153.65, 182.91, 183.77; LCMS: m/z = 243 [M]"; Anal. Calcd for C14Hi3NOs: C, 69.12; H, 5.39;
N, 5.76. Found: C, 81.15; H, 4.55; O, 14.41.
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