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Abstract

A new method to synthesize 1,4-naphthoquinone and 9,10-anthraquinone from
naphthalene and anthracene functionalized with either -CHO or -COOH groups, using N-
bromosuccinimide (NBS) .in -aqueous N,N-dimethylformamide at 75-80 °C, has been
developed. Further, -CN and -CONH, functionalized naphthalenes and anthracenes can also
be transformed into respective para-quinones in a one pot reaction, after successive acid
hydrolysis and subsequent reaction with NBS. We believe that the present finding may serve
as a valuable alternative to the classical approaches for the synthesis of polycyclic quinones
from polyaromatic carbaldehydes through Dakin oxidation followed by further oxidation of

the resulting hydroquinone by heavy metal oxides.



In our attempt to synthesize 10-bromo-9-anthraldehyde from 9-anthraldehyde (1A) using
N-bromosuccinimide (NBS, 1eq), we obtained 9,10-anthraquinone (AQ, mp 284-287 °C)! in
23 % vyield, whereas 77 % of the substrate (1A) remained as such, even when the reaction
was performed at room temperature. Intrigued by the formation of AQ, we reinvestigated the
reaction using excess amount of NBS (6 eq). Surprisingly, the yield of AQ raised to 95-98 %,
indicating that 1A underwent an oxidative deformylation reaction.’

AQ is normally obtained in a few ways, which rely on metal catalysts, e.g., i) oxidation of
the anthracene or hydroxy-anthracenes with chromium(VI) 1reagents,3 ii) Lewis acid catalyzed
Friedel-Craft reaction’ between the benzene and the phthalic anhydride,5 iii) Lewis acid
catalyzed Diels-Alder reaction” between naphthoquinones and butadienes,”’ iv) oxidative
demethylation reaction of anthraquinone dimethyl ethers using metal complexes such as ceric
ammonium nitlrate,8 silver oxide,9 manganese dioxide,m cobalt(I1I) fluoride'' and others.?
Although synthesis of AQ from 1A via oxidative demethylation of 9-methoxyanthracenes
and 9,10-dimethoxyanthracenes, mentioned above, involves two or three steps (Dakin
oxidation,12 etherification and subsequent 1re—0xidation,13 c.f. path b in Scheme 1), this
method has frequently been used, in the syntheses of anthraquinone-based natural products,
drugs, and dyes.”"*'* This is mainly due to the fact that the methyl-ether precursors are stable
under different reaction conditions and can be readily converted into the desired quinones in
the later stages of multistep organic syntheses.13 Except for the above mentioned multistep
method (path b in Scheme 1), to the best of our knowledge no alternative protocol is
available to synthesize AQ under mild conditions, without using any metal catalysts.15 Thus
we decided to examine the new-found single step oxidative deformylation reaction of 1A into
AQ, as shown in path a of Scheme 1, mediated by NBS,16 which is often used for allylic,17
benzylic18 and arene' brominations as well as decarboxylative bromination of o,p3-

unsaturated carboxylic acids.” Remarkably, the reaction can be performed without the need



of anhydrous solvents and the product can be easily isolated, upon removal of the water

soluble byproduct of scccinimide. '

Scheme 1. Synthetic routes for the 9,10-anthraquinone from the 9-anthraldehyde
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Table 1 summarizes the conversion of 1A into AQ, using NBS; performed under different
conditions, namely the quantity of NBS, choice of solvent, duration and the yield obtained.
The reaction did not occur, when it was performed in CH3CN, EtOAc alone or with further
addition of 5 % of water (entries 10, 11; 12). Due to poor solubility, the reaction did not
proceed in non-polar solvents such as’CCly and DCE (entries 13, 14). The reaction proceeded
well in N, N-dimethylformamide (DMF). Surprisingly, anhydrous DMF did not result in the
desired product formation (entry 6), whereas a mixture of DMF and water (95:5) was found
to be a perfect solvent system for this oxidation reaction using NBS. The reaction occurred
well at 75-80 °C. Upon further increase in reflux condition resulted in unidentified by-
products as. well as vigorous evolution of bromine/HBr. Therefore the oxidative
deformylation reaction of 1A into AQ was examined at 75-80 °C in the DMF-water (95:5,
v/v) mixture employing different moles of NBS. When the reaction was performed with 1
mmol of NBS and 1A each, only 24 % of AQ was obtained, leaving most of the substrate as
such. To determine whether excess amounts (>1 eq) of NBS were essential for complete
conversion of 1A into AQ, experiments were conducted with 2-6 eqs of NBS (Table 1). A

mechanistic analysis indicated that four mmol of NBS required for the complete conversion



of one mmol of 1A into AQ. This was confirmed by the 'H NMR titration experiments as
well, cf. Figure 1. The easy recognizable singlet of -CHO proton of 1A at 6 = 11.54 ppm
gradually disappeared with the concomitant appearance of two new peaks at J = 7.82 ppm

123 When NBS concentration

and 6 = 8.31 ppm corresponding to the formation of the AQ.
was increased to 4 eqs all proton signals of 1A disappeared entirely with appearanceof two
new signals in the aromatic regions (Figure 1), characteristic for AQ.! Further increase in
NBS (> 4 mmol) resulted significant changes neither in product yield nor in reaction time
(entries 5, 7, 9). However, no reaction happened without NBS (entry 3). Thus the optimized
condition®* for a perfect oxidative deformylation of 1A into AQ (path a of Scheme 1) is
addition of 4 mmol of NBS (either gradually or at once) to a well-stirred solution of the 1A
(Immol) in DMF-water mixture (95:5, v/v, 8 mL) at room temperature. The resultant
homogeneous solution was heated at 75-80 °C for 3-4 h, during that time the color of the
reaction mixture turned from yellow to brown, and then quenched with 20% aqueous
NaHCOj3 (20-30 mL) solution. The mixture was sonicated for 15 min, the insoluble materials
were isolated by filtration. A pure product of AQ (0.96 mmol, 96%) was obtained after
successive recrystallization in ethyl acetate-hexane mixture (20:80, V/V),1’24 cf. IR, '"H and BC
NMR data furnished in the Supporting Information (SI). It is worthy to mention that the

unreacted NBS and its” byproduct, succinimide, were removed from the reaction mixture

gently by treating with an aqueous NaHCOj; solution.'®



Table 1. An oxidative deformylation of 9-anthraldehyde (1A) by NBS at various reaction
conditions. All reactions were performed using 1 mmol of substrate, 1A.

CHO

1A

[e]
IiN—Br
o .

solvent, /\

Ser
(0]
AQ

Entry NBS  Solvent Temp. Time Product
mmol  (v/v) (°C+5) (h) yield (%)
1 1.1 DMF 75 8 23
2 1.1 DMF 20 60 17*
3 0 DMF 90 72 <
4 3 DMF 75 8 71
5 5 DMF 75 7 96
6 5 dry DMF* 75 16 <4
7 5 DMEF-H,O (95:5) 75 4 97
8 4 DMEF-H,0 (95:5) 75 4 96
9 6 DMF-H,0 (95:5)° 75 35 94
10 4 CH;CN 80 12 8
11 4 CH3;CN-H,0 (95:5) 90 12 26
12 4 EtOAc-H>O (95:5) 80 24 <10
13 4 DCE 100 24 <5
14 4 CCL 80 24 <5
15 4 H,O 100 24 <10
16 2 DMF-H,0 (95:5) 75 6 47
17 3 DMEF-H,0 (95:5) 75 6 73
18 4 DMF-H,0(95:5) 80 3.5 97
19 4 DMF-H,0 (95:5) 120 35 76

* Unreacted 1A was recovered (76-80%). ® Unreacted 1A was recovered (>95%). * DMF was
purified by drying nightlong over barium oxide and vacuum distillation. ¢ Reaction was not
complete and 1A remained as such. © Excess solvent required to make homogeneous solution.
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Figure 1. The "H NMR (400 MHz) spectroscopic monitoring of 1A into AQ in DMF-d,/D,0
(95:5, v/v) mixture: (a) at beginning of the reaction, (b) after 45 min, (c) after 90 min, (d)
after 135 min, e) after 180 min, and f) after 240 min.

Having established the optimum condition for the oxidative deformylation reaction
with NBS, the methodology was extended to a series of electron deficient anthracene,
naphthalene, and benzene derivatives, which are shown in Table 2. As anticipated, 1-
napthaldehyde (5N) also resulted in 1,4-naphthoquinone (NQ)* readily in 91 % yield under
same experimental conditions: Similarly, 9-anthracene carboxylic acid (2A) and 1-
naphthalene carboxylic acid (6N) underwent oxidative decarboxylation to result in AQ and
NQ, respectively; in quantitative yields (Table 2). Direct reaction between NBS and the -CN
and ~CONH, functionalized substrates, 3A,” 4A, and 7N, appeared sluggish, nevertheless,
they provided respective para-quinones after hydrolysis by 30% aqueous H,SO4 solution."?
In other words, -CN and —CONH, functionalized anthracenes (3A and 4A) and naphthalene
(7N) underwent an oxidative decyanation/an oxidative deamidation reaction, followed by
successive acid hydrolysis and reaction with NBS. Interestingly, 9,10-disubstituted
anthracenes 8A* and 9A as well underwent an oxidative deformylation smoothly under the
optimized conditions yielding the expected AQ. In contrast to the polycyclic arenes (Table

2), the benzene derivatives (10B-16B) were found to be less reactive towards NBS mediated



oxidation reactions.” Among different substrates examined, 13B and 15B furnished expected
1,4-benzoquinone (BQ)24 in low yields, whereas, 10B-12B, 14B and 16B resulted in
corresponding haloarenes under the experimental condition used. Thus the present protocol is
more suitable for the oxidations of electron deficient polycyclic aromatic compounds (Table

2) than the benzene analogues.



Table 2. Synthesis of para-quinones via NBS mediated oxidation reactions in aqueous DMF.

S. Substrate ? Product ° Time Yield ¢
No (h) (%)
R (o]
(o]
AQ
1 1A, R = CHO AQ 4 97
2 2A, R = COOH AQ 3.5 96
3 3A,R = CONH, AQ 13 94
4 4A.'R =CN AQ 16 83
R (o)
—
(o)
NQ
5 5N, R = CHO NQ 16 91
6 6N, R = COOH NQ 16 89
7 7N,°R =CN NQ 36 86
8 CHO
OOO AQ 4 97
Br
8A
9 CHO

10B
1 COOH COOH
72 <5
11B Br
12 HyCQ HsCQ
@CHO Br CHO 24 56
12B
13 COOH o)
cho—@—cp-io @\ + @ 36 34
Br
13B OCH,4 0 18
14 CHs CHO
:< HsC CHs CHj
HaC CHO + 36 64
’ BrIICHO @EBr 17
14B CHs
15 H3COOCOOH OI@ZO 80 42
15B
16 Br 6 61
HCO OCH, @
H,CO OCH,
168 "




a) All reactions were performed in DMF-H,0O mixture using 1 mmol of the substrate and 4-
4.2 mmol of NBS. b) Purity of compounds was established by elemental analysis and melting
point determinations. ¢) Yields were determined from products isolated by silica gel (60-120
mesh) column chromotography. d) Compounds were hydrolysed by aqueous mineral acids
before NBS oxidation.

A plausible reaction mechanism for the oxidative deformylation of 1A into AQ is
shown in Figure 2. We expected to isolate intermediate compounds A, B and C, respectively,
by treatment of 1A (1 mmol) with 1-, 2-, and 3 mmol of NBS. Nevertheless, independent to
NBS concentration, temperature (20-80 °C) and the duration, AQ was obtained as a sole
product in all of these attempts. In presence of 1 mmol of NBS, instead of reacting all starting
materials to form intermediate A (1 mmol), exclusively 25-30% of the 1A underwent all
transformations (Figure 2) and provided 23% of AQ along with 77% of the starting precursor
(1A). Likewise, about 47% and 73% of 1A, respectively, reacted when 2- and 3 mmol of
NBS employed. Obviously, when 4 mmol of NBS were added either by portionwise or all at
once to the reaction mixture containing 1 mmol of the 1A, AQ was obtained quantitatively
(Tables 1 and 2). This indicating both the optimal NBS stoichiometry (Table 1) and the
proposed reaction mechanism' are fit to each other (Figures 1 and 2). From these combined
findings it is discernible that once the reaction begins with a molecule, it undergoes
subsequent steps (Figure 2) rapidly until AQ occurs by consuming 4 equivalents of NBS.*
Similar behaviour has been observed on several oxidations®’ and substitution reactions.?®

In an unambiguous manner all naphthalene derivatives (SN-7N) offered 1,4-
naphthoquinone,24 even there is a possibility for formation of the 1,2-naphthoquinone. This is
because of combined effects of the steric-, the electronic- and the stability factors of the
intermediate/s generated in the reaction, which are hardly predictable due to the finely
balanced situation among them.”” The less reactivity or the non-reactivity of the benzene

derivatives (10B-16B) against NBS oxidation indicates that the reaction intermediates might



be unstable or destabilized due to the weak conjugation while compared to the naphthalene

and the anthracene analogues.™
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2 moles B (o3 1 mole

Figure 2. The proposed reaction mechanism for the oxidative deformylation of the 1A into
the AQ. The mechanism proposed by assuming 1 mole of the 1A involves in the reaction.
Number of mole of NBS consumed in each step is highlighted in red.

In summary, we have demonstrated a mild protocol for the oxidation of deactivated
polycyclic aromatic compounds into corresponding para-quinones in excellent yield*'”* by
treatment with NBS in aqueous-DMF. Advantages of this method are cost effective, metal-
free, the moisture and the oxygen involves, simple work-up procedure and so on. Further
studies on synthetic applications of the present protocol for preparations of various
biologically important gninones and the mechanistic investigations are underway in our

laboratories.
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