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Introduction

Quinone chromophore is present in a wide variety of natural products and drugs such as kinamycin, damavaricin, awamycin,
[1] rifamycins, [2] streptovaricins, doxorubicin, mitoxanthone, streptonigrin, lavendamycin, menadione, lapachol [3] etc. and
their derivatives have been used as key synthetic intermediates for construction of biologically active compounds associated
with antitumor [4] antineoplastic [5] antifungal [6] antibacterial [7] antiviral [8] antimalarial and antitrypanosomal [10]

activity. It is also an essential parts of various dyes such as naturally occurring alizarin dye [11] from madder plant.

The biological activity imparted by most of the quinones pertains to their ability to accept one significant role in quinones to
accept electrons [11]. One or two electrons in order to form radical anion or dianion species. The electron donating or
withdrawing substituents present in quinone play significance role in biological activity as well as in dyeing.

Various reviews had been reported the synthesis of substituted quinones which had covered the synthesis of a selected
quinones with their applications for a specific time durations [13,14]. A literature survey revealed that there are no such

reviews or book had published which cover the synthesis of a basic quinones in more than hundred year time duration.
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Due to presence in nature [1-3] various drugs and dyes, quinones are used for the synthesis of various useful synthetic

molecules and considerable attention have evoked chemists to probe the chemistry of quinones.
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Figure 1: Naturally occurring quinones.
Our aim of this review is to cover various oxidizing agents with their reaction conditions. Thus, various strategies applied for

the synthesis of quinones cited in various literatures have been discussed in this review.

2. Synthesis of 1,2-Benzoquinone (1)
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Scheme 1: Synthesis of 1,2-benzoquinone (1).

Synthesis of 1,2-benzoquinone or 0-benzoquinone (1) was first reported from the oxidation of pyrocatechol (2) with AgO in
1904 by Willstaetter et al. [15].
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Table 1: Synthesis of 1,2-benzoquinone (1)

S.N. | Reactants | Catalyst/ Reaction Condition Yields (%)
1. |2 AgO, Na,SO,, Et,0, 1h 84"
2 2 TBAD/CH,Cl,, 7 min, reflux 99™®
3 2 [AmDb],[W,05(0,),]/CICH,CH,ClI, 96"
4 2 Ag,0, DMF, 30 min., 0°C 95™
5 2 [AMDb],[M0,05(05)4]/ CH,Cl,, 97"
6 2 MnO,/acetone 97%
7 2 BaFeO,.H,0 1007
8 2 [Ce(NO;)3]2CrO, 1007
9 2 Isoquinolinium bromochromate/AcOH, 2h, rt 847
10 |2 0,, Cu(OH),,/CHCl, 957
1 |2 (NH,),S,05 in Wet SiO,, 5 min. 76%
12 |2 NaBOj in wet [Ce(NO3)3],CrO,, 4 min, rt 66°°
13 |2 CF3;COOH, aniline DCC, DMSO, Benzene 707’
14 |2 Cetyltrimethylammonium cerium nitrate /dioxane 60%°
15 2 H,0,, vanadium substituted Keggin heteropoly acid, H,0, Me,CO, 20°C; 1.5 h, 20°C 49%
16 2 H,0,, "sandwich" type substituted polyoxometalates as catalysts H,0, Me,CO, 1 h, 56°C | 48%
17 |2 Ag,0, Na,S0,, Et,0 15%
18 |3 (NaOCI)/AcOEt, dowex 1X8-200 95%
19 |3 MNO,/HNO; 68>
20 |4 NaOCI/CH.ClI, 95%
21 |5 CEQ | 12%
22 |5 0, with CuSO,, NaCl, MeOH, 6 h, 60°C 18%
22 |5 K,(S05),NO, KH,PO,, MeOH, H,0 91%
23 |6 03, Oy, CH,Cl, 29%

Except AgO, 1,2-benzoquinone were also synthesized from pyrocatechol (2) using diversified oxidizing agents such as
tetrabutylammonium chromate (TBAD) [16] polymer supported peroxotungstate complex (Amb),(W,03(0,),) [17] Ag,O
[18]. Polymer supported anionic peroxomolybdenum complexes (Amb),(M0,05(0,)s) [19] MnO, [20] barium ferrate
monohydrate (BaFeO,.H,0), [21] bis[trinitrato cerium (IV)] chromate [Ce(NOj);] 2CrO,4 [22] isoquinolinium
bromochromate, [23] O, in Cu(OH), [24] ammonium persulfate ((NH4),S;0g) in wet SiO, [25] NaBO; in wet
montmorillonite [Ce(NO3);],CrO,4[26] CF;COOH ("Pfitzner-Moffatt" technique) [27] cetyltrimethyl ammonium cerium
nitrate [28] H,0, with vanadium substituted keggin heteropoly acid [29] H,O, with "sandwich" type substituted
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polyoxometalates Keggin heteropoly acid [30] Ag,O [31] (Table 1 and Scheme 1).

Synthesis of 1,2-benzoquinone (1) was also reported from the 2-aminophenol (3) using oxidizing agent viz. hypochlorite
supported on dowex 1X8-200 [32] or MNO,/HNO; [33] - Benzene-1,2-diamine (4) was also converted in 1,2-benzoquinone
(1) from using oxidizing agent NaOCI/CH,Cl,.32 A oxo complex of ruthenium (1V)[35], O, with CuSO,/NaCl.[36]

K(S0,),NO with KH,PO, were used to convert phenol (5) in 1,2-benzoquinone (1). 2,3-dihydrobenzo [b] [1,4] dioxine was
converted in 1,2-benzoquinone (1) from O; with O, in CH,CI,.[38] tert-Butylhydroperoxide (t-BuOOH) catalyzed with
[Ru"'(@amp)(bipy)(H,0)]" complex was used for the synthesis of 1,2-benzoquinone (1) and 1,4-benzoquinone (10) from
benzene (7).[39]

It was also reported that 1,2-dimethoxybenzene (8) decomposed in 1,2-benzoquinone (1) in the presence of K with dibenzo-

18-crown-6 ether[40] and aniline (9) was also converted in 1,2-benzoquinone (1) from periodate in acetic acid [41].
3. Synthesis of 1,4-Benzoquinone

Synthesis of 1,4-benzoquinone or p-benzoquinone (10) was first reported from the oxidation of hydroquinone (11a) with
Na,Cr,07 in H,SO,4 in 1922 by Vilet [42] (Scheme 2 and Table 2).

11a: X=OH

11b: X=Cl \ RO
11c: X=Br o \ OR
11d: X=I 10 HO 16a: R=Me
11e: X=NH, 16b: R=Et
11f: X=NMe, CONH, T z \Q 16c: R=SiMe;
11g: X=NHCOCF, NH, Y OR
11h; X=CH,OH gzz E:I\E/Ite
H; ;((;FC,F?OH © 15¢: R=n-Bu
: X %
12a: X=H M 14a: X=7=0, Y=OH
12b: X=OMe 14b: X=NH, Y=H, =0
13a: X=NH, 14¢: X=Z=NOH, Y=H
13b: X=OEt

Scheme 2: Synthesis of 1,4-benzoquinone (10).

Table 2: Synthesis of 1,4-benzoquinone (10)

S.N. | Reactants Catalyst/ Reaction Condition Yields
(%)

1 1la Na,Cr,07, H,SO,, H,0, 30 °C, 30-45 min 92%

2 |11a TBAD/CH,Cl,, 10 min, reflux 98

3 1la KMNO,, CuSO,.H,0, MW, 4.5 min heated 100"
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4 11a Zeolite H-Y-supported Cu (NOs),, 15 min., 70-80 °C/ 30 sec. MW heating | 100*
5 11a Ce(NH,)2(NO3)s, 2 h, rt 100%
6 11a mesohexakis(pentafluorophenyl)[26] 100%
hexaphyrin(1.1.1.1.1.1), CDCl3, 10 min., rt
7 11a 0,, Cu entrapped in aluminum oxyhydroxide, toluene, 3 h, 25 °C,1 atm 96"
8 11a KMnO,, Carbon, CH,Cl,, 25 min, reflux 99%
9 [1la 99"
OO , MeCN, 2 min, reflux
10 |11a Ce(NH4)2(NO3)s, MeCN, 2 h, 25°C 98*
11 | 1la CF3(CF,)10l(OCOCF3),, H,0, MeOH, 2-3 h, rt 99°*
12 | 1la {-N+(CH3),CH,CH,N+[(CH3),](CH.)s }» S,0¢”; H,0, reflux, 5 min. 99>
13 |1la @CHZZ%?(;»S% 98>
cHprhyt  AICH5, 3 min, rt
14 |1l1a MnO,, acetone / 96%/
MnO,, H,0, 3 min, MW / 98>%/
MnO,, SiOz, MW / 76>
MnO, 584
15 | 1la Li ﬁk 100>
, Xylene, 19 h, reflux
16 | 1la H10;, Montmorillonite, 35 s, MW/ HIO;, Montmorillonite, 12 min, 100 °C | 98°%
9156
17 | 1la 10, (ultraresin supported), MeOH, CH,Cl,, 1h, rt 100°’
18 1lla H,0,, Ag,0, H,0, MeOH, 40 min, 25°C 94%®
19 11a Pernigraniline, dioxane, 0.5 h, r 95>
20 | 1la HCIO,, Carbon, Cerium(l11) perchlorate, Nafion film, H,0, 30 min, 25°C | 97
21 | 1la KBrOs, CH,Cly, 20 min, rt 97%
22. |11a Polysorb 1 (iodinated, acetoxylated), PhI(OAc), (polystyrenesupported), | 96%
MeOH, 4 h, rt
23. | 11a H,S04, SiO,, Na,Cr,07.H,0, H,0, CH,Cly, 25 min, rt 99
24. 1la KMnO,, H,SO,, Silica, CH,Cl,, 30 min, reflux 99%
25. 1la Ce(NH,)2(NOs)s, Montmorillonite, CH,Cl,, 0.5 h, rt, ultrasound, 08%
26 | 1la [Amb],[W,04(0-).]/CICH,CH,CI 08"’
27 |11a 0,, montmorillonite, phthalocyanine, dioxane, H,O 08
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28 | 11a (PhCO,),, toluene or AIBN, O,, toluene 100%"
29. | 1lla [4-(diacetoxyiodo)-N-methyl benzamide]aminomethylpolystyrene, MeOH | 100
30 |1la PhI(OAC), (polymer-supported), CH,Cl, 100
31 |1la (CTA)2S208, MeCN, 5 min, reflux 957
32 |1la EBMICC, MeCN, 4 min, rt 95™
33 |1la l,, NaNO,, H,0, MeOH, 94"
34 |1la [(6tbp)Cul]B(CgFs)s, O2, Et,0, -80 °C, 3 H cooled. 957
35 |1la Ce(NH,)2(NO3)g, SiO,, H,0, CH,Cl,, rt, 20 min 957
36 lla 2,6-dicarboxypyridinium fluorochromate 957
37 |1la KBrO3,H,SO,, SiO,, CH,Cly, 30 min, rt 97"’
38 |1la [Amb],[M0,05(0,).], CH,Cl, 99"
39 |1la Oxone, Bu,;N*+Br’, H,0, MeCN, 40 min, rt 917
40 | 1la B 90"
s, p-MeCoHaSO:H. Me,CO. 0.05 h, reflux
41 11a brominated maleimidedivinyl benzenepolymer, H,SO,, H,0, CH,CI,, 110 90%°
min, rt
42 1lla (potassium ferrate-modified), (polymer supported), Me(CH,)4Me, 2 h, rt 90%
43 | 1la NaBOj; in wet [Ce(NO;)3],CrO,, 1 min, rt 93%
44 | 11a (NH,),S,05 in Wet SiO,, 5 min. 92%
45 | 1la Na,Cr,07.2H,0, SiO,, H,SO,, 30 min. 95%
46 | 1la 0,, Al,03, CuSO, 98%
47 | 1la H,0,, Ru, MeOH, H,0 99%
48 11a Na,SOs, Bu;N"*HSO,4, H,0, CH,Cl,, 1,10-Phenanthroline, Cu(OAc), 100%
49 |1la Iron phthalocyanine, zeolites, ACOH 100%
50 |11a Ag,[Cr,07], poly-4-vinylpyridine, PhMe 100%
51 |11a PhCH,N*Me;z+Br”, AcONa, H,0, CH,Cl, 100%®
52 |11a V,0s, NaClOs, H,S0,, H,0, 22 °C, 1.5 h, 50°C; 90%
53 | 11a Me,S and N-Chlorosuccinimide 100%
54 |1la PhI(OAc),, MeOH / Phl=0, RuCl,(PPhs);, Et,0O/  p- | 947
(HO(Ph)IOS(=0),)CsHsMe, CH,Cl,, MeCN / PHI=0, Et,0 93%,
80°Y
70%
55 | 1la 2(Na,COs)+3H,0,, Montmorillonite, 2 min, rt 91%
56 | 1la K,Cr,0-, H,0, Et,0, cooled; 10 min, rt 90%
57 | 11a pyrazinium dichromate, CH,Cl, 96>




www.tsijournals.com | June-2016

58 |11la NaClOs, V,0s, H,0, CH,Cl,/ NaClO;, V,0s, H,0, CsHs 99%/
9895
59 |1la H,0, NalO,, CH.ClI, 100*°
60 |1la BaFeO,.H,0, CsHs 100**
61 |1la Si0,, H,S0,, KCIO;, MeCN, 30 min, reflux 90"
62 |1la Me(CH,);0NO,, CuCl,, MeOH, CH,Cl, 93%
63 |1la Fe(NO3);-1.5N,0,, CH,Cl, 92%
64 |1la t-BUOOH, MeOH, Polymer-supported vanadium salt 95'%
65 | 1la 02, Pt, AcOH 97"
66 |1la BBCP 100"
67 |1la [Ce(NO5),]CrO,.2H,0 100™
68 | 1la 0,, Au, H;0, CHCI3, 1 h, rt 86"
69 |1la 0,, NO,, CH,Cl, 94'%
70 | 1la H,0,, H,S0;, l,, MeOH 97™%®
71 | 1lla H,0,, SO,(CH,);SO;H, grafted with silica gel, oxidized, H,O, MeOH, 30 | 80™’
min, rt; 5.5 h, rt
71 | 1la BrCl,” N(Bu"),*, AcOH, H,0 89'%®
72 |1la AgBrO;, Et,0 / 90'%/
NaBrOs, Et,0 75'%
72 | 1la 0,, Cu(OH),,/CHClI, 957
72 | 11a NaOCI, KBr, 4-methoxy-TEMPO, H,0, CH,CI, 950
73 | 11a PhI(OAC),, MeOH / 94/
PhSPh, N-chlorosuccinimide, Et;N, MeCN, CH.CI, / p- | 841y
(HO(Ph)IOS(=0),)C¢HsMe, MeCN, CH.CI, / Me,S, Et;N, MeCN, N- 801y
chlorosuccinimide, CH,CI, 77111
74 | 1la BusN"Bry, AcOH, H,0, 24 h, rt 80™?
75 | 1la H,0,, cerium acetate, Cu(OAc),, H,O/ H,0,, cerium acetate, H,O 9ot
/891%
76 | 1la Isoquinoliniumbromochromate / AcOH, 2h, rt 78%
77 |1la NiO,, AcOH, Et,0, 2.5 h, rt 8o
78 |1la NaOCIl, Dowex 1X8-200, acetone, reflux g3
79 |1la t-BUOOH, Ce(NH,)2(NO3)g g4'1°
80 |1la 2BUsN* «Ce(ONO,)g, CH,Cl, 8o*t’
81 |1la Ph1(O,CCF5),, MeCN, H,0 91™®
82 |1la 1-chloro-2,2,6,6-tetramethylpiperidine, CH,Cl, 12 h, rt 80™®
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83 |1la [Ce(NO3)5],CrO, 907
84 |1la peroxidise from horse-radish 89™%
85 |1la MNO,/HNO; 90%
86 |1la [Ag(CsHsN),]JMnO, 90™*
2 o 122
87 |11a 73
¢ MeOH, CH,Cly, 2.5 h, rt
88 |1la 0, Pt, H,0, CHCI3, 2 h, rt, 1 atm 755
89 |1la Ce(SO,),, IrCls, 3 min, heated, MW 28"
Ce(SOy),, IrCls, AcOH, 3 h, 100°C 7412
9 |11a Nicotinium dichromate, CsHsN, CH,Cl,/ PDC, CsHsN, CH,Cl, 80"/
80'*
91 |1la AlLO;, H;S0,, FeCls, H,0,, 1.5 min. MW 70"
92 |1la BTMPDC, MeCN, 5 min, reflux 70™
93 |1la NaClOs, V,0s, H,SO,, H,0 96™
94 |1la 0,, VO(acac),, CH,Cl, 75
95 lla poly(2-vinylquinolinium)dichro- mate, quinaldinium,toluene 80™°
96 | 1la 2-tolyl-1,2-benzisoselenazol-3(2H)-one-1-oxide, CH,Cl, g1™!
97 |1la H,0,, Cu(OAc),, H,0, 60 min, 35°C, pH 5, catalyst on acrylic resin with | 66"
aminoguanidyl groups
98 |1la Cetyltrimethylammonium cerium nitrate /dioxane 707
99 | 1la Bu,N**10,, i-BuCMes, montmorillonite 70™%
100 | 11a N A 60™*
<>;£<:>,CSH6, 4 h, reflux
101 | 11a t-BuOK, Ci;1H15N,0, (CAS No. 1265626-68-3), CuBr,, H,0, MeCN, 84 h, | 60**
rt
102 | 11a Fe(NO3)s, BusN* «Br’, H,0, AcOEt, rt; 15 min 60"%°
103 | 1la H,0,, vanadium substituted Keggin heteropoly acid, H,0, Me,CO, 20 °C; | 63%
1.5h, 20 °C
104 | 1la Sodium perborate, ACOH 64’
105 | 11a K,FeO,, K10 montmorillonite, n-pentane 5678
106 | 11a 0,, NPVsMog/C, AcOH 581
107 | 1la K,4H4P,0s, Montmorillonite, i-BuCMe; 50
108 | 11la H,0,, NagH[APWOs,] - 19H,0 (A-PW,), H,0, Me,CO, 1 h, 56°C 43%
109 | 11a 0,, CH36Cu,Ng0,.2CI0, (CAS No. 884843-23-6), MeOH, MeCN, 30 | 20™*
min, rt 1.2 1 h, 30 °C / CyHssCu,NgO4.BF, (CAS No 646535-35-5), | 14
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MeOH, MeCN, 30 min, rt, 1.2 1 h, 30°C
110 | 11a H,0,, chromium(V1)oxidebis(tri butyl tin)oxide, (i-Pr),0, benzene 5214
110 | 11a (dibenzo[b,i][1,4,8,11]tetraazacyclotetradecinato)cobalt(11), Chloroform 451
111 | 11a HNO3, AcOH 46
112 | 11a PhTe(=0)OAc, CHCl, 38'%®
113 | 1la MnO,, acetone, 20 °C, 30min. 5414

Except Na,Cr,0; a diversified oxidizing agent (Scheme 2, Table 2) were used for the synthesis of 1,4-benzoquinone (10)
from the oxidation of hydroquinone (11a) viz. TBAD,"® KMNO, with CuSO,.H,0 in microwave,* Zeolite H-Y-supported
copper(lDnitrate in  microwave,”  cerium  ammonium  nitrate  in  imidazolium  ionic liquids,*
mesohexakis(pentafluorophenyl)[26] hexaphyrin(1.1.1.1.1.1) in CDCl;*® oxygen with Cu entrapped in aluminum
oxyhydroxide,*’ wet carbon-based solid acid/potassium permanganate,*® alfa-naphthyltriphenylphos
phoniumperoxodisulfate,”® CAN,® bis(trifluoro acetate) adducts of fluorous alkyl iodides [CF3(CF,)1l(OCOCF;),],> a
selective and recyclable reagent [{N+(CH3),CH,CH,N+ [(CH3),](CH»)43}:S:0s°] in  H,0,°* o-xylylene
bis(triphenylphosphoniumperoxy monosulfate),>®* MnO,,% dielectric activation of MnO, in microwave,>* active manganese
dioxide on silica under solvent-free conditions using microwaves, *** 2,4,6-trimethylphenyltelluroxide,® iodic acid on the
surface of K10 montmorillonite in microwave,® high loading polymer reagents based on polycationic ultraresins (prepared
from highly branched polyethylene imine (M,=10,000) via reductive cross-linking with terephthaldialdehyde),”” hydrogen
peroxide using catalytic amount of silver oxide under batch and continuous-flow conditions,*® tailor-made solid polyaniline
(pernigraniline catalyst in dioxane,* the glassy carbon modified with Ce(l11) ions immobilized in nafion film,*® wet carbon-
based solid acid/potassiumbromate,®> macroporous poly styrene-supported(diacetoxy iodo)benzene,® silica supported
sulfuric acid/sodium dichromate dehydrate,®® sulfuric acid/potassium permanganate with wet SiO,,* ultrasonically activated
oxidation catalyzed by ceric ammonium nitrate doped on metal exchanged K-10 clay,®® polymer supported peroxotungstate
complex [Amb],[W,03(05).],*" O, montmorillonite supported metalated phthalocyanine as catalyst,*® (PhCO,), or AIBN
with 0,,%" aminomethylpolystyrene-supported (diacet oxyiodo)benzene,”® polymer-supported hyper valent iodine,*
cetyltrimethylammonium peroxodisulfate [(CTA),S,0s],”° ethylenebis(N-methylimidazolium)chlorochromate (EBMICC),™
l,, NaNO, in water and Methanol,”* bis(m-oxo )dicopper(Ill) with O,,"® Silica-gel-supported ceric ammonium nitrate
(CAN),’*™ 2 6-dicarboxypyridinium fluorochromate,” sulfuric acid/ KBrO; /wet SiO,’’ polymer supported anionic
peroxomolybdenum  [Amb],[M0,05(0,).],° tetrabutylammonium bromide and Oxone,”® melamine nitrate,”
brominatedmaleimidedivinyl benzenepolymer with H,S0,,% cross-linked poly(4-vinylpyridine)supported potassiumferrate,®
NaBOs; in wet montmorillonite,”® ammonium persulfate ((NH,),S,0g) in wet SiO,% silica sulfuric acid with sodium
dichromate in the presence of wet SiO,,* 0, Al,Os; CuSO,¥ H,0, with Ru,* Sodium persulfate in the presence of
copper(I)ions,® iron phthalocyanine encapsulated in zeolites,® Poly(vinylpyridine)supported silver dichromates,?®’
quaternary ammonium polyhalides,® V,0s with NaClO3® Me,S and N-Chlorosuccinimide,®® organohypervalent iodine
reagents,” Sodium percarbonate on montmorillonite K10, K,Cr,0,,% pyrazinium dichromate,”® NaClO; with V,0s5,%*
NalO,,% barium ferrate monohydrate (BaFeO,.H,0),% Silica acid/KClO/wet SiO,,%” CuCl, in Me(CH,);O0NO,,” Dinitrogen

199 0, on platinum catalysts," bis(2,2’-

103

tetraoxide complexes of iron(111),” t-BuOOH with polymer-supported vanadium salt,

bipyridyl)copper(ll) permanganate (BBCP),'* Dinitratocerium(IV) chromate dehydrate,'®® aerobic oxidation on polymer-

104
d,*°

incarcerated gol oxygen with nitrogen oxide,’® iodine with hydrogen peroxide,'® H,0, and SO,(CH,);SO;H grafted
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with silica gel,*®’ tetraalkylammonium dichlorobromate,'® silver/sodium 10engal10l,*® O, in Cu(OH),,* alkali hypochlorite

0 1

different (diacetoxyiodo)benzene,™
113

catalyzed by oxammonium salts under two phase condition,® tetrabutyl

ammoniumtribromide ion in aqueous acetic acid*? cerium acetate and a cupric acetate,"™ isoquinolinium bromochromate,*

114

nickel oxide,*** sodium hypochlorite-Dowex 1X8-200,** tert-butyl hydroperoxide and catalytic amounts of ceric ammonium

nitrate  (CAN),"® tetrabutylammoniumcerium(IV)nitrate,**” hypervalent iodine PhI(O,CCFs),,"*® 1-chloro- 2,2,6,6-

tetramethylpiperidine,**® bis[trinitrato cerium(IV)]chromate,” biocatalytic oxidation (peroxidise from horse-radish) in a

121 122

water-organic solvent two phase system,'?° bispyridinesilver permanganate,** punicin derivative,** Aerobic oxidation by

123

polymer-incarcerated platinum catalyst,*?® cerium(IV) catalyzed by iridium(lI1) in acidic medium,*?* 3-carboxypyridinium

dichromate (NDC),'® microwave-assisted Fe(l11)-catalysed oxidation with hydrogen peroxide supported on alumina,*® bis-

(2,4,6-trimethylpyridinium)dichromate (BTMPDC),"*" V,0s catalysed with NaClO; and H,SO, in H,0,*® vanadyl

129 quinaldinium and poly(2-vinylquinolinium) dichromates,™ 2-tolyl-1,2-benzisoselenazol-

2

acetylacetonate catalysed O,,

3(2H)-one 1-oxide,™' Cu(ll) ions immobilized on acrylic resins,*** cetyltrimethyl ammonium cerium nitrate,?® clay-

133

supportedtetrabutyl ammoniumperiodate (TBAPI),™ thermal transformations of 5-nitro-spiro[2H-benz-imidazole-2,1'-

134 135

cyclohexane]1,3-dioxide,™ copper-based aerobic oxidation with co-catalysts bifunctional oxazolidine nitroxyl radicals,

ultrasound-assisted (100 W) oxidation by Fe(NO;); as an oxidant in presence of phase transfer catalyst,*® H,0, with

137

vanadium substituted keggin heteropoly acid,® sodium perborate,”*” potassium ferrate(V1) in the presence of the K10

138 139

montmorillonite, vanadomolybdo phosphate on active carbon (NPVgMog/C),”* clay-montmorillonite supported potassium
peroxydiphosphate,'* lacunary phosphotungstic acid derivative,® copper(l)complex [Cu,L(MeOH),]-(BF4),.2H,0 and
dinuclear-copper(I1)complex[Cu,L(MeOH),](ClO,),. 2H,0,* hydrogen peroxide in the presence of chromium(VI)oxide-
bis(tributyltin)oxide,**®  (dibenzo[b,i][1,4,8,11]tetraazacyclotetr  adecinato)cobalt(Il),*** HNO; in Acetic acid,*®
benzenetellurinic mixed anhydrides,**® manganese dioxide. Conversion of hydroquinone (11a) to 1,4-benzoquinone (10) is a
quite popular among the scientist and more than hundred method reported in literature as shown in Table 2 (Scheme 2).

The synthesis of 1,4-benzoquinone (10) also achieved from phenol (5) as summarized in Table 3 (Scheme 2). A conversion
of phenol (2) in 10 has been reported first time using H,0, H,SO,, AcOH in 1923.** Synthesis of 1,4-benzoquinone (10) from
phenol (5) have catalysed by oxoperoxo molybdenum(VI) and tungsten(VI) complexes with 1-(2’- hydroxyphenyl)ethanone
oxime,™*® iodic acid on the surface of K10 montmorillonite,,*® 2,6-dicarboxypyridinium fluorochromate,” tungsten complex

151

of oxoperoxybis(8-quinolinolato-N;,05),**® Fe?* with HsPmooV,040," titanium-superoxide,™* oxidoperoxido tungsten(V1)

complexes,**? H,0, with oxidoperoxidotungsten (V1) complexes and secondary hydroxamic acids,**? H,0, with oxoperoxo

molybdenum(V1) or tungsten(VI) / oxodiperoxomolybdate(VI) or tungstate(VI) complexes,

154 155

manganese dioxide in the

presence of aniline, titanium superoxide, isoquinoli- nium bromochromate,?® chiral cationic (diimino- and

156 157

diaminodiphosphane)ruthenium complexes, aminomethylpolystyrene-supported (diacetoxy iodo)benzene reagents,

159

chlorine dioxide,**® 5,10,15,20-tetrakis(4-sulfophenyl)porphine in ethylammonium nitrate,’*® manganese and cobalt salts with

activated silica gel supported,'® sodium perborate on wet montmorillonite K10,% sodium percarbonate on montmorillonite

25

K10, ammonium persulfate/wet SiO,, % microwave-assisted Fe(lll)-catalysed with hydrogen peroxide supported on

161 163 164
d. 2,

alumina,**® O,, cobalt salen catalyze chromium silicalite- methyltrioxorhenium (VI1),™" copper salts and iron as

catalytic system with oxygen,'® A oxo complex of ruthenium (1V),*® O, with CuSO./NaCl,*® chlorine dioxide,'****’

[(bpy)2(py)RU(O)]** (bpy is 2,2 -bipyridine and py is pyridine) in MeCN are reported first order reaction.*®®

Table 3: Synthesis of 1,4-benzoquinone (10) from phenol (5) as shown in Scheme 2.

10
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S.N. Reactants Catalyst/ Reaction Condition Yields (%)
5 H,0, H,S0,, AcOH 65%

2 5 H,0,, PPh,[M0O(O,),(HPEOH)] / PPh,WO(O,),(HPEOH)], | 98"/

H,0, CH5CN, 5 h, 78 °C 99'4®
5 H10;, montmorillonite, 17 min, 100 °C / HIOs, montmorillonite, | 96°%/ 94°°

40 s, MW

3 5 2,6-dicarboxypyridinium fluorochromate, 4 min., rt 94"®

4 5 H,0, 0, [WO(0,)(QO0),], MeCN, 10 h, reflux/ H,0,, | 97"/ 91*®
[WO(0,)(Q0)], H,0, MeCN, 12 h, 78°C

5 5 H,0,, HsPmo1oV,040, FESO,, H,0, CHCl;, AcOH 94%0

5 5 H,0,, Ti, H,0, AcOH, 50-60°C; 15 min; 1 h, heated 8g™!

6 5 H,0,, oxidoperoxidotungsten(VI) complexes, H,O, MeCN, 12 h, | 87
78°C

7 5 H,0,, Ca0H24N,0;W (CAS No. 1153933-00-6), H,0, MeCN, 12 | 91
h, 78°C

8 5 H,0,, O, CaHP.CoHsNOsW (CAS No. 851956-08-6), H,0, | 84™% 82
MeCN, rt, 9 h reflux or 12 h reflux / H,O,, O,, C»4 HyP.Cy Hg
MoNOg(CAS No 851956-06-4), H,0O, MeCN, rt, 12 h reflux

9 5 H2S0,, MnO,, PhNH,, H,0 954

10 5 H,0,, Titanium superoxide, H20, AcOH, 2 h, 50°C 80™°

11 5 Isoquinolinium bromochromate/AcOH, 2h, rt 767

12 5 t-BUOOH, Et;N, CyH47CINsP,RuU.BF, (CAS No. 673447-87-5), | 80™°
Benzene, 16 h, rt & Na,S,05, H,O

13 |5 o iy G
(AcOy Srores - MeCN, H,O

14 5 ClO,, Me,CO 758

15 5 0,, 5,10,15,20-tetrakis(4-sulfo phenyl)porphine in | 60™°
ethylammonium nitrate, 20 h, rt

16 5 MnCl,, CoCl,, PhCO,H & 64
O,, Benzene

17 5 NaBOs, Montmorillonite, H,0, 5 min, rt 562

18 5 2(Na,CO3)*3H,0,, montmorillonite, 5 min, rt 55%

19 5 (NH,),S,0s, wet SiO,, 3 min, rt 55%

20 5 Al,O3, H,SO,, FeCls, 2.8 min, MW 48

11



www.tsijournals.com | June-2016

21 5 0,, Cobalt salen, DMF, 24 h, rt 30™

22 5 t-BuOOH, MeOH, chromium 36%
silicalite-2

23 5 H,0,, methyltrioxorhenium (VI1), H,O, AcOH 31

24 5 0,, CuCl, Fe, PhOH, rt, 7 bar; 5 h, 50°C 89'®

25 5 O_\Q ‘ 88®

%

26 5 0, with CuSO,, NaCl, MeOH, 6 h, 60°C 75%
27 5 CIO,, MeCN 50"
28 5 CIO,, O,, EtOH, 10-60°C 50"
29 5 [(bpy)2(py)RU(O)]*, MeCN 88"

Except 1,4-hydroxyquinone (11a) and phenol (5) other reactant also used for the synthesis of 10 (Table 4, Scheme 2).
Pyrocatechol (2) converted in 10 using potassium iodide and potassium ferrate as reported by Tajik, H. et. al.'®® Oxone
(peroxysulfate) very efficiently oxidizes benzene (7) to p-quinone (10) reported by Shul’pin, G. B. Et.al.*"°

Binuclear iron(l1l) phthalocyanine(m-oxodimer)/tetrabutyl ammonium, oxone was reported for the 38% conversion of
benzene in 1,4-benzoquinone A

Aniline (9) converted in 1,4-benzoquinone (10) catalysed by Mo-V phosphoric heteropolyacids.'’”” Tan, S. And co worker
optimised reaction condition for the synthesis of p-benzoquinone (10) from aniline (9) in four step with recycling of
manganese dioxide from manganese sulphate.”® Aniline (9) has also converted in 10 using hypochlorite supported on dowex

1X8-200% and selenium oxide.*™

4-chlorophenol (11b) oxidized by O, in H,O under light in the presence of Titanium superoxide.™ 2-chlorophenol (11b)
converted in 10 using iodic acid and K10 montmorillonite, 40 s in MW.>® Titanium-superoxide was used as catalyst for the
conversion of 11b in 10.*%** A detailed selective chemical oxidation of chlorophenols with potassium nitrosodisulfonate
were studied by Leyva.'”

4-Bromophenol (11c) was converted in 1,4-benzoquinone (10) using oxidizing agent iodic acid on the Surface of K10

151,155 d 177

montmorillonite,*® hydrogen peroxide with titanium superoxide and lead oxide with hypochloric aci
Titanium superoxide was also used as catalyst for the conversion of 4-Bromophenol (11d) in 10.°"***1,4-Benzoquinone (10)
was reported to synthesize from the oxidation of 4-aminophenol (11e) in the presence of HIO; with montmorillonite,>
cerium(1V) ions in aqueous perchloric acid,*®® sodium hypochlorite, sodium borate with montmorillonite,”® hydrogen

fluoride with pyridine'” and potassium dichromate.*”

The synthesis of 1,4-Benzoquinone (10) was reported from the heating at 100°C or under microwave irradiation of 4-(N-

dimethylamino) phenol (11f).*°Organohypervalent iodine reagents (IBTA) was oxidized 2,2,2-trifluoro-N-(4-hydroxy
phenyl)acetamide (llg) in 10_91,118

12



www.tsijournals.com | June-2016

Dirhodiumcaprolactamate [Rhy(cap),] catalyzed oxidation of 4-(hydroxymethyl)phenol (11h) was reported for the synthesis
of 10."® Leng et. Al. Studied synthesis of 10 from 4-hydroxybenzoic acid (11i) in three step using K,(SO3),NO.**

18-Crown-6 complex [PhI(OH)BF,-18C6] in the presence of BFs;-Et,O was utilized for the synthesis of 10 from 4-
182

propylphenol (11j).

Benzamides (12a-b) converted in 1,4-benzoquinone (10) from hypervalent iodine species generated in situ from iodobenzene

3

and oxone,'® Benzene-1,4-diamine (13a) transformed in 1,4-benzoquinone (10) using sodium iodate,** or

(diacetoxyiodo)benzene™  or  hydrogen  peroxide  catalyzed  with  oxoperoxo  molybdenum(VIl)  and
tungsten(VI1)/oxodiperoxomolybdate(V1) and tungstate(V1) complexes under different reaction conditions as shown in Table

4 (SCheme 2) .148,149,152,153

Ceric ammonium nitrate was used for the conversion of 4-ethoxyaniline (13b) in 1,4-benzoquinone (10), Table 4 (Scheme

2).2-Hydroxy-1,4-benzoquinone (14a) converted in 1,4-benzoquinone (10) using a phase-transferring oxidant cetyltrimethyl

ammoniumdichromate.®

Photolysis of 4-iminocyclohexa-2,5-dienone (14b) in aqueous medium produced p-benzoquinone (10).*” Superoxide ion,
generated in situ by the phase transfer reaction of potassium superoxide and 18-crown-6, brings about an easy oxidative

regeneration of benzoquinone dioxime (14c) in 10.*%

4-Methoxyphenol was converted in 1,4-benzoquinone (10) using oxidizing agent tetrabutylammonium dichromate,*®

91,120 74,75

hypervalent iodine (4-iodophenoxy acetic acid), Silica-gel-supported ceric ammonium nitrate (CAN),

74,75 188

tetrabutylammonium bromide and Oxone,’® cerium ammonium nitrate coated on silica, sodium hypochlorite,™ acid-

impregnated manganese dioxide,* hypervalent iodine with a catalytic amount of 4-iodophenoxyacetic acid with oxone as a

cooxidant, 162189

4-Ethoxyphenol (15b) was converted in 1,4-benzoquinone (10) catalysed by hypervalent iodine with a catalytic amount of 4-

162

iodophenoxyacetic acid with oxone as a cooxidant,'®? organohypervalent iodine (IBTA),***® tetrabutylammonium bromide

with oxone,”® hypervalent iodine with a catalytic amount of 4-iodophenoxyacetic acid with oxone as a cooxidant,**°

4-n-Butoxyphenol (15c) was converted in 1,4-benzoquinone (10) catalysed by tetrabutylammonium bromide with oxone,”®

hypervalent iodine with a catalytic amount of 4-iodophenoxyacetic acid with oxone as a cooxidant,*®

1,4-dimethoxybenzene (16a) was converted in 10 using Silica-gel-supported ceric ammonium nitrate (CAN),"

organohypervalent iodine (IBTA) reagents,'® hypervalent iodine with a catalytic amount of 4-iodophenoxyacetic acid with

oxone as a cooxidant,***

1,4-Diethoxybenzene (16b) was converted in 10 by hypervalent iodine oxidation using a catalytic amount of 4-

191,192

iodophenoxyacetic acid and oxone as a cooxidant, and ceric ammonium nitrate.’®*1,4-Benzoquinone (10) obtained from

trimethylsilyl ethers (16c) oxidized using various oxidizing agent such as ionene supported peroxodisulfates,'* a-

13
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naphthyltriphenylphos  phoniumperoxodisulphate or  cetyltrimethyl ammonium peroxodisulfate  [(CTA),S,0g],*
phosphomolybdic acid,*** quinolinium fluorochromate (QFC),'* Zinc chlorochromate nonahydrate,'® Lewis acid supported

silver bromatecatalyzed,"®’ Iron trichloride/silicon dioxide.'%

1,4-Benzoquinone (10) was also synthesized from tert-butyl(4-methoxyphenoxy)dimethyl- silane (17) in the presence of
catalytic hypervalent iodine.***** 4-hydroxycyclohexa-2,5-dienone (18) was converted in 1,4-benzoquinone (10) using

polymer-supported periodate and iodate as oxidizing agents.*®

Table 4: Synthesis of 1,4-benzoquinone (10) from reactants except 1,4-hydroquinone (11a) and phenol (5) as shown in

Scheme 2.

S.N. Reactants Catalyst/ Reaction Condition Yields (%)
1 2 K1, NaOH, H,0, 20 min, 0-5°C, pH 9-10, K,FeO,,10 min, 0-5°C; | 90"

2 h, rt, HCI, H,0, rt
2 9 Mo-V-phosphoric heteropolyacids, >70 °C 100"
3 9 i) MnSO,, NHs, H,0, rt, pH 10; ii) H,0,, 1 h, 25°C; iii) H,SO,, | 84'"”

H,0, 1-1.5 h, 90°C; iv) H,S0,, H,0, rt; 15 min, rt; 4 h, < 10°C; 8

h, rt
4 9 NaOClI, THF 88%
5 9 i) SeO,, H,0, MeOH, 90 min, reflux; ii) MeCN, 60 min, reflux | 75"
6 11b 0,, H,0, 16 h, rt, light 95°
7 11b HIO3, Montmorillonite, 40 s, MW 84°°
8 11b H,0,, Ti, H,0, AcOH, 50-60°C; 15 min; 1 h, heated 55+
9 11b H,0,, [Ti(0,),] (9CI), H,0, AcOH, 1 h, 50°C 40™
10 11c HI0;, Montmorillonite, 20 min, 100°C 83>
11 11c HIO;, Montmorillonite, 35 s, MW 81%®
12 11c H,0,, Ti, H,0, AcOH, 50-60°C; 15 min; 1 h, heated 60"
13 11c H,0,, [Ti(0),] (9CI), H,0, AcOH, 1 h, 50°C 66"
14 11c HclO,, PbO,, H,0, Me,CO, 10 min, rt; 0.5-1 h, rt 62"

14
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15 11d H,0,, Ti, H,0, AcOH, 50-60°C; 15 min; 1 h, heated 75!

16 11d H,0,, [Ti(0,)-] (9CI), H,0, AcOH, 1 h, 50°C 76

17 11e H10;, montmorillonite, 13 min, 100°C / HIO;, montmorillonite, | 90°° / 93°°
30s, MW

18 11e NaOClI, (CH,Ome), 97%

19 11e [CIO,0H],Ce, PhNHMe, HclO,, H,0 93"

20 11e NaBOs, Montmorillonite, H,0, 3 min, rt 81%®°

21 1le CsHsN, HF 80'"®

22 1le chr207, HZO 75179

23 11f 15 min, 100°C / HIOz;, montmorillonite, 40 s, MW 91°%/ 89

24 119 PhI(O,CCFs),, H,0, MeCN got 18

25 11h i) CosHaoN,O4Rh, (Cas No. 138984-26-6), CICH,CH.CI, 1 h, rt, | 55
then 40°C, ii) t-BuOOH, 1.5 h, 40°C

26 11i i) HCI, H,0, 24 h, 150-160°C; 160°C to rt; 10 min, rt; ii) KOH, | 48™"
H,0, neutralized; iii) K,(SO3),NO, H,0, 1 h, rt; 2 h, rt

27 11j [PhI(OH)BF,-18C6].BF3.Et,0, CD,Cl,, 10 min, rt 24%%

28 12a/ Phl, Oxone, H,0, CH;CN, 7-12 h, rt 98'%/

12b 948

29 13a NalO,, H,0, AcOEt, 2-10 min, rt/ Phl(Oac),, Me,CO, 10 min, rt, | 98*/90™°
H,0, rt

30 13a H,0, CaHyP.CsHsMONO; (Cas No. 1143514-60-6), H,O, | 60'*
MeCN, 6 h, 78°C

13a H,0, CuuHyoP.CsHsMONO; (Cas No. 1143514-60-6), H,O, | 54*%

MeCN, 6 h, 78°C

31 13a H,0,, 1153933-00-6, H,0, MeCN, 6 h, 78°C 67

32 13a H,0,, O,, CigH1oN,0sW (Cas No. 109076-03-1), MeCN, 10 h, | 67**

reflux

15
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33 13a H,0,, CasH24N,0,W (Cas N0.1153932-95-6), H,O, MeCN, 6 h, | 63"
78°C

34 13a H,0,, C5H24N,0;W (CAS No. 1153933-00-6), H,O, MeCN, 6 h, | 66"
78°C

35 13a H,0,, 0, CuHyP.CoHsNOgW (CAS No. 851956-08-6), H,O, | 70™°
MeCN, reflux 5 h, 25°C/

36 13a H,0,, CosHoP.CoHgNOsW (Cas No. 851956-08-6), H,O, MeCN, | 59
reflux; 6 h, 25°C

37 13a H,0, C,4 HyP.Co Hs MoNOs (CAS N0.851956-06-4), H,0, | 57
MeCN, 6 h, reflux, 25°C

38 13b Ce(NH,)2(NO3)s, H,0, MeCN 43"

39 14a Cr,07,.Me;N(CH,)15CHs, CHCI3, 0.5 h, reflux 100™

40 14b HZO; Hv 100186

41 14c KO,, 18-Crown-6, DMF, 2-6 h, rt 61

42 15a 2Bu,N*+Cr,0;, CH,Cl,, 50 min, reflux 96'°

43 15a PhI(O,CCFs),, H,0, MeCN 100712

8691

44 15a Si0,, Ce(NH,)2(NO3)s, H,0, CH,Cly, 5 min. rt & 15 min rt 96™

45 15a Oxone, Bus,N*+Br’, H,O, MeCN, 50 min, rt 91"

46 15a Ce(NH,),(NO3)s, SiO,, CH,Cl, 95"

47 15a NaOCl, H,0, DMF, 15 min, rt, pH 7.4 83'®

48 15a MnO,, HNO, 96%°

49 15a Oxone, 4-1-Ph-OCH,COOH, F;CCH,OH, H,0, 0.5 h, rt/ Oxone, | 78" 80™
4-1-Ph-OCH,COOH, CH4CN, H,0, 16 h, rt

50 15b Oxone, 4-1-Ph-OCH,COOH, F;CCH,OH, H,0, 0.5 h, rt 97™%

51 15b PhI(O,CCFs),, H,0, MeCN 100"

52 15b Oxone, Bu;N*+Br’, H,0, MeCN, 60 min, rt 92"
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53 15b Ph1(O,CCF5),, H,0, MeCN 938
54 15b Oxone, 4-1-Ph-OCH,COOH, CHsCN, H,0, 17 h, rt 79™%
55 15¢ Oxone, Bu,;N*+Br’, H,0, MeCN, 60 min, rt 927
56 15¢ Oxone, 4-1-Ph-OCH,COOH, F;CCH,0H, H,0, 0.5 h, rt / Oxone, | 88"%/77™
4-1-Ph-OCH,COOQH, H,0, MeCN, 17 h, rt
57 16a Si0,, Ce(NH,),(NO3)s, H,0, CH,Cl,, 15 min, rt 95"°/99™
58 16a Ph1(O,CCF5),, H,0, MeOH 100™°
59 16a 4-1-Ph-OCH,COOH, F;CCH,0H, oxone, H,0, 1 h, rt 86™"
60 16b 4-1-Ph-OCH,COOH, F;CCH,0H, oxone, H,0, 1 h, rt 94191 192
61 16b Ce(NH,),(NO3)s, H,0, MeCN 667
62 16¢ -S05-0-0-SO;-(ionene polymer supported), H,O, 30 min, reflex | 97
63 16¢ CHaPPIS” 00507 94%/
O , MeCN, 3 min, reflux / (CTA),S,0g, MeCN, 15
min, reflux. 95%
64 16¢ Phosphomolybdic acid, PhMe, 10 min, reflux 92™%*
65 16¢ CoH;NH[CrO4F], CH.Cl, 98
66 16¢ Zn(CICr0;)2.9H,0, CH,Cl, 90™®
67 16¢ AgBro;, AICl;, MeCN 89"’
68 16¢ FeCls, SiO, 57'%
69 17 Oxone, 2-(4-iodophenoxy)acetic acid, FsCCH,OH, H,O, 1.5 h, rt | 947%/79™
70 18 polymer-supported periodate / iodate 86"%°/69™

4. Synthesis of 1,2-naphthoquinone:
Synthesis of 1,2-naphthoquinone (19) was first reported from the oxidation of 28 in acetic acid in 1960 by Adler and Britt*®

(Scheme 3, Table 5).
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Scheme 3: Synthesis of 1,2-naphthoquinone (19)
Naphthalen-2-ol (21) was generally studied for the synthesis of 1,2-naphthoquinone (19) oxidized with t-BuOOH in the

21 Dess-Martin

presence vanadium 18chiff base containing cyclotriphosphazene as a heterogeneous catalyst,
periodinane(DMP),%*? hydrogen peroxide using “sandwich” type substituted polyoxometalates as catalysts,® NaBrOs in the
presence Ce(NH,)»(NO3)s, 2 p-oxo-bridged hypervalent iodine(l1l) compound as an extreme oxidant for agqueous
oxidations,®® hydrogen peroxide using vanadiumsubstituted Keggin heteropoly acid as catalyst,? hydrogen peroxide using
phosphotungstateperoxo complexes as catalyst,”® t-BuOOH using rhodium catalyst,”® t-BuOOH in methanol,*®

PhSe(=0)),0 in THF, %" O, in the presence of a copper complex (Cas No. 749898-34-8),%®

Naphthalen-1-ol (22) was also studied for the synthesis of 1,2-naphthoquinone (19) oxidized with hypervalent iodine,**
SIBX,?™® hydrogen peroxide using phosphotungstateperoxo complexes as catalyst,?® NalO,?' Dess-Martin
periodinane(DMP),%%? Cetyltrimethylammonium cerium nitrate in dioxane,”® oxygen in the presence of CuCl,?*? hypervalent
iodine PhI(O,CCFs),,*® organohypervalent iodine PhlO,,°* organoselenium (organic seleninic anhydrides),****® Fremy’s
salt,”** hydrogen peroxide and potassium catalyzed by 5,10,15,20- tetraarylporphyrinatoiron(l11) chlorides,**

Naphthalene-1,2-diol (23) was converted in 1,2-naphthoquinone (19) in the presence of persulfate/copper(11)® as well as
polymer-supported periodate and iodate.'® However, compound 24 was converted in 19 in the presence of 2-iodoxybenzoic
acid.”*® 1-aminonaphthalen-2-ol (25a) was converted in 19 using sodium hypochlorite/dowex 1X8-200,% as well as ferric
chloride.?” 2-Hydroxy-1-naphthaldehyde (25b) was converted in 19 using oxidizing agents such as hydrogenperoxide with
flavin catalysts (FIOOH),*® oxygen in the presence of flavin catalysts (FIOOH) with Hantzsch’s ester (NAD(P)H
coenzymes),?*® 1-(phenylselanyl)- naphthalen-2-ol (25c) was reported to convert in 19 in the presence of (PhSe(=0)),0.** 1-
(1-hydroxyethyl)naphthalen-2-ol (25d) was achieved to convert in 19 under photooxygenation.??’ 2-methoxynaphthalen-1-ol
(26) was converted in 19 thought demethylation using stabilized 2-iodoxybenzoic Acid.”! while microwave-assisted
selenium dioxide mediated selective oxidation of 1-tetralones in 1,2-naphthoquinones was reported in acetic acid.”? a
benzilic oxidation of 1,2,3,4-tetrahydronaphthalene (28) was reported to synthesize 1,2-naphthoquione (19) using fluorous

seleninic acid in the presence of iodoxybenzene.??

Table 5: Synthesis of 1,2-naphthoquinone (19) as shown in Scheme 3.

18



www.tsijournals.com | June-2016

S.N. | Reactants Catalyst/ Reaction Condition Yields (%)
1 20 NalO,, AcOH, 30mn 70°%
2 21 t-BUOOH, CzHsClsNgO1sPsVs (CAS No. 1384844-22-7), CugHgo | 85
C|2N11020P3V4 (CAS N01384844'23'8), C72H90N15030P3V5 (CaS No.
1384844'24'9), C50H75C|N13025P3V5 (Cas No. 1384844-25-0),
Me(CH,)sMe, MeCN, 4 h, 70°C

3 21 Martin’s  reagent  (1,1,1-Triacetoxy-1,1-dihydro-1,2-benziodoxol- | 87°%
3(1H)-one), CH,Cl,, 12 h, rt

4 21 H,0,, H.8Na.O3,PW, (CAS No. 110697-84-2), H,O, Me,CO, 1 h, | 83%
56°C

5 21 NaBrOs;, AcOH, Ce(NH4),(NO3)s, PEG-400, rt to 50°C; 1 h, 50°C 7%

6 21 (PhIOCOCF;),0, H,0, DMF, 1-2 h, 0°C 707

7 21 H,0,, vanadiumsubstituted Keggin heteropoly acid (Cas No.12293- | 75
15-1), H,0, Me,CO, 20°C; 1.5 h, 20°C

8 21 H,0,, Na,WO,, H;PO,, CICH,CH,CI 80°%®

9 21 t-BuOOH, Rh,(cap).(MeCN),, H,O, PhMe, 3 h, 40°C 57°%

10 21 t-BUOOH, MeOH 65"

11 21 PhSe(=0)),0, THF 627’

208
12 21 &C@ 24
N 0,,CH,Cly, 2 d, 1t
13 22 @COOH 53209
10,  DMF, 1h, rt

14 22 COOH COOH 99210
©i|02 C[COOH

15 22 H,0,, Na,WO,, H;P0,, CICH,CH,ClI 087"
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16 22 NalO,, Me(CH,);)CO,H, 30°C to 60°C; 60°C to rt, 70°1
17 22 Martin’s reagent, CH,Cl,, 12 h, rt 74%%
18 22 Cetyltrimethylammonium cerium nitrate, dioxane 75%°
19 22 CuCl, O,, MeCN 807"
20 22 Ph1(O,CCF5),, H,0, DMF, 2 h, 0°C 61°%
21 22 PhlO,, AcOH 65"
22 22 (PhSe(=0)),0, THF 634
23 22 (PhSe(=0)),0, THF 54713
24 22 Fremy’s salt 1574
25 22 H,0,, Me,,TPPFe(l11)Cl, iron complex (CsHsCIFxFeN,, CAS No. | 307

36965-71-6),, CH,Cl,
26 23 i) Na,SOs, Bu,;N**HSO*, H,0, CH,Cl, 95%

ii) 1,10-Phenanthroline, H,O

iii) Cu(Oac),
27 23 Polymer-supported periodate and iodate 96™%
28 24 2-lodoxybenzoic acid, THF, DMSO, 3 h, rt 70°%°
29 25a NaOCI, Dowex 1X8-200, (CH,Ome), 89%
30 25a HCI, FeCls, H,0 94°%7
31 25b _Te 9571

FD[N/ N/’LO .

I, H,0O,, NaHCO3;, , H,O, MeOH, 10 min, rt.
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32 25b oo 91°1°

—\

Tty

" °, 0, NaHCOs, H,0O, MeCN, 10 min, rt

33 25¢ (PhSe(=0)),0, THF 89'!

34 25d -30°C 31%%

35 26 P 837t
o8
|

3° THF, 16 h, rt

36 27 Se0,, AcOH, 5 min, 150°C 4477

37 28 PhlO,, Ph-Se(=0)-(CF,);-CFs, reflux; reflux —rt, Na,S,0s, 3 h, rt 90°**

5. Synthesis of 1,4-naphthoquinone:

CHO
) ReOH
@ b))R OAc 30 OH “
04 /
o
31 COOH

o \\\‘Gnﬁ *“*CN‘I

50 / | m\ o0

33 R
a) R=NH,
b) R=OH
R ¢)R=H
34 a)R=H
36 35 R1 b) R=F
aron R
b) R;=OMe SRl

¢) Ry=NHAc

Scheme 4: Synthesis of 1,4-naphthoquinone (29)

1,4-naphthoquinone (29) was synthesized from a-naphthol (22) (Table 6) using various oxidizing agents such as oxygen in
the presence of catalyst (CiH11205,Ss Cas No. 1353640-24-0)* oxygen in the presence of boron complex
(C36H24BBI,F,1,N50,, cas No. 1256918-97-4),%* u-oxo-bridged hypervalent iodine(I11) compound as an extreme oxidant for

aqueous oxidations,?** hydrogen peroxide (H,0,)/methyltrioxorhenium(CH;ReQ;) catalytic system in a neutral ionic liquid 1-

226 227

butyl-3-methylimidazolium tetrafluoroborate [bmim]BF,,“ photooxygenations by using [60]fullerene-linked silica gels.
iodic acid on the surface of K10 montmorillonite.”® zinc(l1)octakis(4-alkoxycarbonylphenoxyphthalo cyanines) together with
pegylated silicon(1V) phthalocyanines,®® K-10supportedphthalocyanine in the presence of PcFe/ZrP0,%* HIO; with

montmorillonite in microwave,*® hydrogen peroxide/methyltrioxorhenium catalytic system in dimethylcarbonate (DMC),?*
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1 230

O, with cobalt salen,"® iodo-bodipy derivs with photochemicaly,”® isoquinolinium bromochromate,”® H,0, with

231

ruthenium(2,2”,6°:2°’-terpyridine)(2,6-pyridinedicarboxylate),” t-BuOOH in the presence vanadiumchiff base containing

cyclotriphosphazene as a heterogeneous catalyst,”* H,0, with vanadium substituted keggin heteropoly acid,” hypervalent

232

iodine PhI(O,CCF5),,**** cuprous chlorideoxygen, nitrosodisulfonate?®? crown ether complexes of a iodonium ions,**

PhI(OH)BF,-18-crown-6,%* NaBO; in wet montmorillonite [Ce(NO3)3],CrO.,*® manganese and cobalt salts with activated

236

silica gel,*® bis(trifluoroacetoxy)iodobenzene,”*® hydrogen peroxide with acetic anhydride,** microwave-assisted Fe(lll)-

catalysed oxidation with hydrogen peroxide supported on alumina,*?® cetyltrimethyl ammonium cerium nitrate,?® Fremy’s

d,238 225

salt,”** 2-iodoxybenzenesulfonic acid,”*’ photooxygenations in a resin-bound,”® ammonium persulfate/wet SiO,,%* sodium

percarbonate on montmorillonite K10,% microwave assisted in acetic acid and hydrogenperoxide,®**

methyltrioxorhenium
(VI1),®* oxygen in photosensitized condition,?*® hydrogen peroxide catalyzed by 5,10,15,20- tetraarylporphyrinatoiron(l11)
chlorides,?® cerium(1V) oxidation,?** iodoxybenzene,**? dimethyldioxirane,?* benzeneseleninic acid,?** H,0, with “sandwich”

type substituted polyoxometalates Keggin heteropoly acid,* cerium(I\V)ammonium nitrate.

Table 6: Synthesis of 1,4-naphthoquinone (29) from a-naphthol as shown in Scheme 4.

S.N. | Reactants | Catalyst/ Reaction Condition Yields
(%)

1 22 0,, C126H11203,S6, (CAS No. 1353640-24-0), PhMe, 80 min, photochem 1007

2 22 0,, CasH24BBr,F,1,N;0;, (cas No. 1256918-97-4), MeCN, 0.5 h, photochem 1007%

3 22 (PhIOCOCF5),0, H,0, MeCN, 30 min, 0°C 97%%

4 22 H,0,, CH;ReO3, [omim]BF,, H,0, 24 h, 60°C 08°%®

5 22 i) [60]fullerene reaction products with aminopropylated silica gels, PhMe, 8 h, | 97’

60°C, ii) O,, CDCl;, 90 min, rt / i) Buckminsterfullerene (CAS No. 99685-96-8) | /36%'
reaction products with aminopropylated sil, toluene, 8 h, 60°C, xenon lamp (above
380 nm) ii) O,, 18 h, rt

6 22 HI10O3, Montmorillonite, 20 min, 100 °C 97%®

7 22 zinc(I)octakis(4-alkoxycarbonyl  phenoxyphthalocyanines) with  pegylated | 93°%®
silicon(IV)phthalocyanines, CHCIz;, MeOH, 100 min, 0°C

8 22 0,, lamellar zirconium phosphate, ferric phthalocyanine (Cs,HisFeNs, CAS No. | 96%°
34808-44-1), dioxane, H,0O

9 22 HI0s, Montmorillonite, 50 s, MW 93>

10 |22 i) H,0,, CH;ReO; (CAS No. 171078-32-3), 6 h, 60°C, ii) MnO,, 15 min, 60°C 907

11 |22 0,, Cobalt salen, DMF, 24 h, rt 88"

12 |22 0,, 1437797-58-4, MeOH, CH,Cl,, 30 min, 22°C, hv 817

13 |22 Isoquinolinium bromochromate/AcOH, 2h, rt 83%

14 |22 H,0,, Ru(tpy)pydic, H,O, MeOH, 7 h, 40°C 7871
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15 |22 t-BUOOH, CssHssClsNgO15PsV5 (CAS No. 1384844-22-7), CugHgo CioN11Ox0PsVy | 747
(CAS N01384844-23-8), C72H90N15030P3V6 (CaS No. 1384844-24'9),
C50H75C|N13025P3V5 (Cas No. 1384844'25-0), ME(CHg)gMe, MECN, 3.5 h, 70°C

16 |22 H,0,, vanadium substituted Keggin heteropoly acid, H,0, Me,CO, 20°C; 1.5 h, | 79%
20°C

17 |22 PhI(O,CCFs),, DMF, 2h, 0°C 68°%°

18 |22 PhI(0,CCFs),, H,0, MeCN 73%

19 |22 CuCl, O,, MeCN 807"

20 |22 K,(SO3),NO 90°%

21 |22 Crown ether complexes of aqua(hdroxyl)(aryl)iodonium ions, H,0, 3 h, 0°C —rt | 64

22 |22 PhI(OH)BF,-18-crown-6, H,0, 3 h, rt 677

23 |22 NaBO; in wet [Ce(NO;)3],CrO,, 5 min, rt 63%°

24 |22 MnCl,, CoCl,, PhCO,H & 65"
O,, Benzene

25 |22 PhI(O,CCFs),, MeCN, H,0 737

26 |22 i) H,0,, Ac,0, H,0, < 40°C; 4 h, 40°C, ii) MeOH, 40°C; 1 h, 50°C 56°°°

27 |22 Al,O3, H,S0,, FeCls, H,0,, 3.5 min. MW 552

28 | 22 Cetyltrimethylammonium cerium nitrate /dioxane 607

29 22 Fremy’s salt 7474

30 |22 i) Na,SO,, Oxone, H,O, MeCN, 24 h, rt; ii) Bu,N**HSO", IBS, H,O, MeCN, 3.5 | 51%" 6%
h, 40°C / i) K,COs, Na,SO,, oxone, AcOEt, 24 h, rt; ii) Bu,;N**HSO", sodium 2- | +75 (19)
iodo-5-methylbenzenesulfonate, AcOEt, 1 h, 40°C

31 |22 resin-bound, O,, Me,CO, 5 h, rt, mercury lamp 53°%%

32 |22 (NH,),S,05 in wet SiO,, 4 min., rt 527

33 |22 2(Na,CO3)*3H,0,, montmorillonite, 5 min, rt 50%

34 |22 H,0,, H,0, AcOH, 2 min, MW 5179

35 |22 H,0,, methyltrioxorhenium (VII), H,O, AcOH 57

36 |22 9:1 CH,Cl,-MeOH, methylene blue, visible light, oxygen,15°C 64°%

37 |22 H,0,, 1-methylimidazole, CHssCIFeN,O, (CAS No. 36995-20-7), CH,Cl, / | 497/
H,0,, 1-methylimidazole, CsgHs,CIFeN, (CAS No. 77439-21-5), CH,Cl,/ H,0,, | 397/
1-methylimidazole, iron complex (CuHsCIF0FeN,, CAS No. 36965-71-6), | 322
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CH,CI,
38 |22 (NH,),Ce(SO4)4, H,SO,, MeCN 20°4
39 |22 i) K,COs, Na,SO,, oxone, AcOEt, 24 h, rt; ii) Bu,N**HSO*, sodium 2-iodo-5- | 6%’ +75

methylbenzenesulfonate, AcOEt, 1 h, 40°C (19)
40 |22:19 PhlO,, MeCN, H,0O 74%%

(17:3)

41 |22 DMD, Acetone 314
42 | 22:19 PhSeO,H, CH,Cl, 36:6°*
43 |22 H,0,, “sandwich” type substituted polyoxometalates as catalysts H,O, acetone, 1 | 58%

h, 56°C
44 |22 CeNHjnitrate, MeCN, 20 min, rt 31

1,4-naphthoquinone (29) was synthesized from naphthalene-1,4-diol (30) using various oxidizing agents (Table 7) such as
oxygen in the presence of p-oxo-bridged hypervalent iodine(111) compound as an extreme oxidant for aqueous oxidations,*

hydrogen peroxide using catalytic amount of silver oxide under batch and continuous-flow conditions,*® aerobic oxidation by

123

polymer-incarcerated platinum catalyst,*® iodic acid on the surface of K10 montmorillonite in microwave,® high loading

polymer reagents based on polycationic ultraresins (prepared from highly branched polyethylene imine (M,=10,000) via

d,104

reductive cross-linking with terephthaldialdehyde),* aerobic oxidation on polymer-incarcerated gol polymer supported

peroxotungstate complex,'” O,, montmorillonite supported metalated phthalocyanine as catalyst,® polymer supported anionic

peroxomolybdenum complexe,'® organohypervalent iodine,** iodine with hydrogen peroxide,'® hydrogen peroxide in the

presence of chromium(V1)oxide-bis(tributyltin)oxide,*** 246

247

thionyl chloride,”™ iron-catalyzed with aqueous tert-butylhydro-

17 organohypervalent iodine,** dibenzoyl peroxide,?*® benzeneseleninic

0

peroxide,”" tetrabutylammoniumcerium(IV) nitrate,

244

anhydride,”* silver(ll) oxide-40% nitric acid, tetravalent morpholinotellurium derivatives,® sodium percarbonate on

montmorillonite K10,% sodium perborate on wet montmorillonite K10,%° microwave-assisted Fe(ll1)-catalysed oxidation by

137

hydrogen peroxide supported on alumina,*?® sodium perborate,**’ solid state oxidation with ammonium persulfate/wet SiO,,%

diaryl telluroxides,?* dimethyldioxirane,? organotellurinic acid anhydrides,**

Table 7: Synthesis of 1,4-naphthoquinone (29) from naphthalene-1,4-diol (30) as shown in Scheme 4.

S.N. | Reactants Catalyst/ Reaction Condition Yields (%)

1 30 (PhIOCOCF,),0, H,0, MeCN, 1-2 h, 0°C 1007
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2 30 H,0,, Ag,0, H,0, MeOH, 10 min, 25°C 99%®

3 30 0,, Pt, H,0, CHCIj, 2 h, rt, 1 atm 99'%

4 30 H105, montmorillonite, 10 min, 100°C / HIO3;, montmorillonite, 30s, MW | 98¢/ 98°°
5 30 10, (ultraresin supported), MeOH, CH,Cl,, 1h, rt 100°’

6 30 0,, Au, H,0, CHCI;, 3 h, 1t 97™

7 30 K,[WO,], amberlyst A-26 bound, CICH,CH,CI 96"

8 30 0,, HsPO, montmorillonite, phthalocyanine, dioxane, H,O 96%

9 30 [Amb],[M0,05(0.).], CH,Cl, 98"

10 |30 Phl=0, RuCl,(PPh;)s, Me,CO/ PHI=0, Me,CO 85™,92%
11 |30 H,0,, H,S0,, l,, MeOH 08™®

12 |30 H,0,, chromium(V1)oxidebis(tri butyltin)oxide, (i-Pr),0, benzene 100
13 |30 SOCl,, Benzene 92%%
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14 |30 i) t-BUOOH, FeCl; *6H,0, H,0, CsHsN, 10 min, rt, i) HCI, H,0 827
15 |30 2Bu;N**Ce(ONO,)s, CH,Cl, 90"’
16 |30 PhI=0, RuCl,(PPhs),, acetone 85"
17 |30 (PhCO,),, Me,CHOH, CH,Cl,/ (PhCO,),, DBU, THF 897%/ 0%
18 |30 [PhSe(=0)],0, THF 9274
19 |30 AgO, HNO;, Me,CO 78
(0] 250

20 30 CO\J CI/©/ ~ 87

"I':e

cl , CH.Cl,
21 30 o/ﬁ o o 7470

QN,T:E,Ny

cl , CH,Cl,
22 |30 2(Na,C03)*3H,0,, montmorillonite, 2 min, rt 75%
23 |30 NaBOs, montmorillonite, H,0, 2 min, rt 73%
24 |30 Al,O;, H,SO,, FeCl,, 2.6 min, MW 65"
25 |30 Sodium perborate, AcCOH 79%%
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26 |30 (NH,),S,0g, wet SiO,, 3 min, rt 657
27 |30 (4-MeOCgH,),TeO (I), CHCI; 76>!
28 |30 Dimethyldioxirane, acetone 34%%2
29 30 Ti T‘.?e 06253
o
CHCLY /
Q@ 9 97253
Te‘o,Te
Me0/©/ \©\0Me ,CHCI3/ /
Q 9 95253
Te;O,Te
Pho/© O\OPh , CHCI;

1,4-naphthoquinone (29) was generally synthesized from a-naphthol (22, Table 6) and naphthalene-1,4-diol (30, Table 7).

Synthesis of 1,4-naphthoquinone (29) was also studied from other reagent as shown in Scheme 5-6. 1-Naphthaldehyde (31)

241 254

was converted in 1,4-naphthoquinone (29) using ceric ammonium sulfate=™" or peroxide oxidations (Table 6).

1-Naphthoic acid (32) was also converted in 1,4-naphthoquinone (29) using ceric ammonium sulphate.?*'Naphthalene-1,4-

diamine (33a) was also reported to convert in 1,4-naphthoquinone (29) using sodium periodate®® or

(diacetoxyiodo)benzene.?®

Hypochlorite supported on dowex 1X8-200,% or potassium dichromate were used to synthesize 1,4-naphthoquinone (29)
from 4-aminonaphthalen-1-ol (33b). Naphthalen-1-amine (33c) was also converted in 1,4-naphthoquinone (29) using

oxidizing agents Hypochlorite supported on dowex 1X8-200* and bis(trifluoroacetoxy)iodobenzene.?*

Naphthalene (34a) was applied for the synthesis of 1,4-naphthoquinone (29) using various oxidizing combination such as

2,6-dichloropyridine-N-oxide  in  presence  of  dichlororuthenium(lV)  complex of  mesotetrakis  (2,6-

259

dichlorophenyl)porphyrin,?®® oxygen in the presence of vanadium oxide,? silica gel support with V,0s main catalyst and

260 d 261,262 263
)

cocatalysts,”" cerium (IV) in ag. methanesulfonic aci cerium sulphate Cey(SO4)3,” a cerium complex Ce(ClO,)4

264 265 266
d )

catalyze cerium sulphate,”” ceric methanesulfonate,

An selective oxidation of 1-fluronaphthalene in 1,4-naphthoquinones has been reported in the presence of a ruthenium

complexes as catalyst.”*’4-Methoxynaphthalen-1-ol (35a) was converted in 1,4-naphthoquinone (29) using oxidizing agents

128

tetra-n-butylammonium bromide in oxone,” tert-butyl hydroperoxide with ceric ammonium nitrate,"®® ceric ammonium

189 249 249

nitrate,”  4-iodophenoxyacetate, ceric ammonium nitrate, ammonium  persulfate, tetrabutylammonium

27
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tetrafluoroborate.?®

1,4-Dimethoxynaphthalene (35b) was converted in 1,4-naphthoquinone (29) using oxidizing agents silver oxide,?9'%

190

bromosuccinimide,® hypervalent iodine (Ill) reagents,"® ceric ammonium nitrate,’*® cobalt(l11)fluoride,””® manganese

dioxide,?”* 4-iodophenoxyacetate,*®® hydrogen halide-treated silica gels, iodosobenzene,?? 4-

iodophenoxyacetic acid with
oxone.™ N-(4-methoxynaphthalen-1-yl)acetamide (35c) was converted in 1,4-naphthoquinone (29) using oxidizing agents

diacetoxyiodobenzene,?”

1-Tetralone (36) was converted in 1,4-naphthoquinone (29) using oxidizing agents 2-nitrobenzene peroxysulfonyl radical,*™

tert-butylhydroperoxide with Chromium(VI) oxide.?”® 1,2,3,4-tetrahydronaphthalene (37) was also converted in 1,4-
naphthoquinone (29) using oxidizing agents tert-butylhydroperoxide and 2-quinoxalinol salen with a side product 36
(26%).276

Tert-butyldimethyl(naphthalen-1-yloxy)silane (38) was converted in 1,4-naphthoquinone (29) though a aerobic oxidation in
the presence of vanadium(IV) catalyst (cas No. 56645-89-5)%"" Naphtho[2,3-bJoxirene-2,7(1aH,7aH)-dione (39) was

converted in 14-naphthoquinone (29) using oxidizing agents molybdenumhexacarbonyl.?®4-Benzylidene-3,4-

dihydronaphthalen-1(2H)-one (40) was converted in 1,4-naphthoquinone (29) though thermolysis oxidation.?”*4-

Hydroxynaphthalen-1-yl acetate (41a) was converted in 1,4-naphthoquinone (29) using oxidizing agents silver(Il)oxide,**°

lead tetraacetate in acetic acid.?®

Table 8: Synthesis of 1,4-naphthoquinone (29) as shown in Scheme 4.

S.N | Reactants Catalyst/ Reaction Condition Yields (%)
1 31 (NH,),Ce(SO4)4, H,SO4, MeCN 50%
2 31 H,0,, AcOH, AcOOH, AcOH 25°3
3 32 (NH,)4Ce(S04)4, H,SO4, MeCN 42%4
4 33a i) NalOy, H,0, AcOEt, 2 min, rt; i) 15 min, rt 987
5 33a i) PhI(OAC),, Me,CO, 10 min, rt; ii) H,0, rt 90”°
6 33b NaOCl, (CH,OMe), 93%
7 33b K,Cr,07, H,S0,, H,0, 100 °C / K,Cr,0;, H,SO, 817"
80%™
8 33c NaOCl, (CH,OMe), 90%
9 33c PhI(O,CCFs),, MeCN, H,0 57°%
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10 | 34a 2,6-dichloropyridine-N-oxide, [Ru"(2,6-Cl,tpp)Cl,], CH,Cl,, 12 h, 40°C, | 99°®
11 | 34a 0,, V5,05, NH,VOs, SnSO,, K;SO,, CAS No. 7790-62-7, 3000 min 9479
12 | 34a i) NH,VO;, SiO,, H,0, 2 h, 450°C; ii) H,S0,, K,SO,, CAS No. 7790-62- | 927
7, SnS0,, KH,PO,, Na,B,0;, H,0, 2 h, 450°C
13 | 34a CH,S(=0),0H.1/4Ce(IV), heptanes, H,0 96°°!
14 | 34a CH,S(=0),0H.1/4Ce(IV), MeSO;H, H,0, CICH,CH,CI, MeCN 91%%
15 | 34a i) H,SO4, Cey(SO,)s, H20, rt— 65°C; ii) 1.2 h, 65°C 827%3
16 | 34a Ce(ClOy),, HCIO,, H,0, MeCN, CCl, 80°%*
17 | 34a H,SO., Ce(SO.),, 847>
18 | 34a CH,S(=0),0H.1/4Ce(IV), CICH,CH,CI, H,0 89°%°
19 | 34b H,0,, CAS No. 198902-93-1, BusN*CH,Ph «CI', H,0, 1 h, 40°C 50°°
20 35a Oxone, Bu,;N**Br’, H,0, MeCN, 60 min, rt 1007
21 | 35a t-BUOOH, Ce(NH,)»(NO3)s 93%e
22 | 35a Ce(NH,),(NO3)s, H,0, CH,Cl,, 20 min, rt 90"
23 | 35a Oxone, 4-1-Ph-OCH,COOH, H,0, MeCN, 10 min, rt 86"
24 | 35a Ce(NH,),(NO3)s, H,0O, MeCN 71%%
25 | 35a (NH,),S,0s, AGNO3, H,0, MeCN 69
26 | 35a Bu;N* BF,, MeCN, rt 52
27 | 35b AgO, HNO;, Me,CO 100%*
28 | 35b i) Bromosuccinimide, H,SO,4, H,0, THF; ii) NaHCOj3; iii) AcOEt 98”%*
29 | 35b PhI(O,CCFs),, H,0, MeOH 950
30 |35b Ce(NH,)»(NO3)s, H,O, MeCN 93'%
31 |[35b Ag,0, HNO;, dioxane g7
32 | 35b CoF,, dioxane, H,0 87°"
33 |35b MnO,, HNOs;, CH,Cl, / MnO,, HNOs, benzene 957"/
08°"
34 |35b Oxone, 4-1-Ph-OCH,COOH, H20, MeCN, 10 min, rt 86™
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35 |35b SiO,, HCI, Ph1=0 52%7
36 |35b oxone, 4-1-Ph-OCH,COOH, F;CCH,0H, H,0, 1 h, rt 341
37 | 35¢c PhI(OAC),, EtzN, SiO,, MeOH, 5 h, rt 82°"
38 |36 0-O,NCgH,SO,Cl, KO,, MeCN 852"
39 |36 t-BuOOH, CrOs, CH,Cl, 48°"
40 |37 t-BUOOH, 2-quinoxalinol salen (Cas No0.327-92-4), Me(CH,)sMe, MeCN, | 66°"
18 h, reflux
41 | 38 MeCH=CHCHO, 0,, AcOOH, vanadium(lV) catalyst (cas No. 156645- | 787"/

89-5), EtC(=0)Et/ MeCH=CHCHO, O,, AcOOH, vanadium(IV) catalyst | 86°”’
(cas No. 156645-89-5), i-BuC(=0)Me

42 |39 Mo(CO)s, PhMe, 7.5 h, reflux 95°7®
43 | 40 i) O3, CH,Cl,; ii) PPhs, CH,Cl, 95%7
44 | 41a AgO 70°%°
45 | 41b Pb(OAC),, AcCOH 30%

Scheme 5: Synthesis of 1,4-naphthoquinone (29) cont.

(4aR,8aR)-8a-formyl-5,8-dioxo-1,4,4a,5,8,8a-hexahydro naphthalen-1-yl acetate (42) was converted in 1,4-naphthoquinone

(29) using oxidizing agents manganese dioxide.**?

1,4-Naphthoquinone (29) was also synthesized from 43 through a retro Diels-Alder using phenylmaleimide.?®

1,4-Naphthoquinone (29) was also synthesized from naphthalen-2-yl propionate (44) with a ruthenium catalysts using
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hydrogenperoxide as terminal oxidant.?®’

1,4-Naphthoquinone (29) was also synthesized from 2'-chloro-3',4'-dihydro-2'H-spiro[[1,3]dioxolane-2,1'-naphthalene] (45)
with a sodium iodobenzenesulfonate with oxone as a terminal oxidant under phase-transfer conditions.”®*
1,4-Naphthoquinone (29) was also synthesized from (1,4-dioxo-3-(pyridinium-1-yl)-1,4-dihydronaphthalen-2-
yl)(tosyl)amide (46) with a thiazyl chlorides, alkyl carbamates and thionyl chloride .%¢
1,4-Naphthoquinone (29) was also synthesized from 47 through samarium diiodide-promoted C-C fragmentation.?®
1,4-Naphthoquinone (29) was also synthesized from 3,6-dioxocyclohexa-1,4-dienecarboxylic acid (51) through a Diels-
Alder reaction with 1-(trimethylsiloxy)-1,3-butadiene. 2%
Diels-Alder reaction of 2-pyridyldimethylsilyl group with benzoquinone (10) was reported for the synthesis of 1,4-
naphthoquinone (29).%
1,2-diethynylbenzene (48) was applied for the synthesis 1,4-naphthoquinone (29) though the nitroxideradical TEMPO.?®

Table 9: Synthesis of 1,4-naphthoquinone (29) as shown in Scheme 5.

S.N | Reactants Catalyst/ Reaction Condition Yields (%0)
1. |42 MnO,, benzene 89°%
2. |43 Phenylmaleimide, MeCN, 10 h, reflux 87°%
3. |44 H,0,, ruthenium catalysts (cas n0.198902-93-1), BusN*CH,Ph+CI’, H,0, | 16%’
1h, 40°C
4. |45 Oxone, PhSO;Na, Bu;N**HSO,, MeCN, 24 h, 60°C 56°%
5 46 SOCl,, EtOC(=0)NSO, CsHsN, CeHs 68°%°
6 47 (Me;N)sP=0, Sml,, THF 64°%
7 48 Me,-piperidoxyl, PhCI 65°%°
8 49 Me;SiOCH=CH-CH=CH,,CH.Cl, 78%
9 10 SN 100°%
Z SIiM
| , HCI, H,0
Conclusion

Thus, this review have covered the various methodology applied for the synthesis of 1,2-benzoquinone, 1,4-benzoquinones,
1,2-naphthoquinone and 1,4-naphthoquinone. These methodologies will be useful in future for the preparation of various

quinone analogs especially for medicinal chemistry and other fields.
Abbreviation

TBAD: tetrabutylammonium dichromate

Amb: amberlyst
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IBTA: Phl(O,CCF3), (diacetoxyiodo)benzene

BBCP: bis(2,2"-bipyridyl)copper(ll) permanganate

BTMPDC: bis-(2,4,6-trimethylpyridinium)dichromate

Buckminsterfullerene (CAS No. 99685-96-8): Carbon (Cg) fullerene

CAN: cerium ammonium nitrate

EBMICC: ethylenebis(N-methylimidazolium)chlorochromate

CTA: cetyltrimethylammonium

VO(acac),: vanadyl acetylacetonate

C,4H36Cu,Ng0O4.2BF, (CAS No 646535-35-5): Copper(2+), [m-[(1,2,3,5,6,13a,14,15, 16,18,19,26a-dodecahydro9,13:22,26-
dinitrilo-13H,26Hdiimidazo[1,2-d:1',2'-0][1,4,12,15]tetraazacyclodocosine-kN4,kN20:kN7,kN17)27,28-di(oxide-
kO)]]bis(methanol)di-, bis[tetrafluoroborate(1-)] (9Cl).

C4sH47CIN3P,RU.BF, (CAS No. 673447-87-5): Ruthenium(1+), (acetonitrile)[N,N'-bis[[2-(diphenylphosphino-kP)phenyl]
methyl]-1,2-cyclohexanediamine-kN,kN']chloro-,tetrafluoro borate(1-) (9Cl).

C,4 HxP.Cy Hg MONOg(CAS No0.851956-06-4): Phosphonium, tetraphenyl-, (PB-7-34-111'1'2)-oxodiperoxy (8-
quinolinolato-kN1,kO8)molybdate(1-) (9Cl).

Co4HxP.CgHgNOgW (CAS No. 851956-08-6): Phosphonium, tetraphenyl-, (PB-7-34-111'1'2)-oxodiperoxy (8-quinolinolato-
kN1,kO8)tungstate(1-) (9Cl).

C,4H36Cu,Ng0,.2C10, (CAS No. 884843-23-6): Copper(2+),[m-[(1,2,3,5,6,13a,14,15,16,18,19,26a-dodecahydro-9,13:22,26-
dinitrilo-13H,26H-diimidazo[1,2-d:1',2"-0][1,4,12,15]tetraazacyclodocosine-kN4,kN20:kN7,kN17) 27,28-di(oxide-
kO)]]bis(methanol)di-,diperchlorate (9Cl).

CazoH24N,O;W (CAS No. 1153933-00-6): Tungsten, bis[N-(hydroxy-kO)-N,3-diphenyl-2-propenamidato-kO]oxoperoxy-,
(PB-7-34-1123'2")-Coordination Compound.

C11H15N,0,(CAS No. 1265626-68-3): 3-Oxazolidinyloxy, 2,4,4-trimethyl-2-(2-pyridinyl)-

CasHaoN,OsRh, (Cas No. 138984-26-6): Rhodium, tetrakis[m-(hexahydro-2H-azepin-2-onato-&N*:k0?)]di-, (Rh-Rh)-
Coordination Compound.

Co4HyoP.CgHgMONO, (Cas No. 1143514-60-6): Phosphonium, tetraphenyl-, (PB-7-34-111'1'2)-[1-[2-
(hydroxylkO)phenyl]ethanoneoximato-kN]oxodiperoxymolybdate(1-) (1:1)- Coordination Compound.

CisHiN,OsW  (Cas No. 109076-03-1):  Tungsten,oxoperoxybis(8-quinolinolato-kN*, kO®-,(PB-7-34-1124'2")-(9CI)-
Coordination Compound.

CysH24N,0O;W (Cas N0.1153932-95-6): Tungsten,bis[N-(hydroxy-kO)-N-(3-methylphenyl)benzamidatokOJoxoper oxy-,(PB-
7-34-1123'2")-Coordination Compound.

CagH2P.CogHgNOW (Cas No. 851956-08-6): Phosphonium, tetraphenyl-, (PB-7-34-111'1'2)-oxodiperoxy(8-quinolinolato-
KN', kO®)tungstate(1-) (9CI.)

CasH,4BBroF,I4N3O, (Cas No. 1256918-97-4): Boron, [5-(4-bromophenyl)-N-[5-(4-bromophenyl)-4-iodo-3-(2-iodo-3,5-
dimethoxyphenyl)-2H-pyrrol-2-ylidene-kN]-4-iodo-3-(2-iodo-3,5-dimethoxyphenyl)-1H-pyrrol-2-aminato-kN*]difluoro-, (T-
4)-coordination Compound

C4HgClIFyFeN, (Cas No. 36965-71-6): Chloro(meso-tetrakis (pentafluorophenyl)porphinato)iron.

CagH3sCIFeN,O,4 (CAS No. 36995-20-7): Iron, chloro[5,10,15, 20-tetrakis(4-methoxyphenyl)-21H,23H-porphinato(2-)-kN21,
KN22, kKN23, kN24]-, (SP-5-12)-Coordination Compound
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CsgHs,CIFeN, (CAS No. 77439-21-5): 5,10,15,20-Tetra(2,4,6-trimethylphenyl)porphyrinatoiron(l11) chloride

Ci26H11203,S¢ (CAS No. 1353640-24-0): Pentaceno[1,14-cd:7,8-c'd'lbis[1,2]dithiole-3,4,10,11-tetracarboxylic acid, 7,14-
dihydro-7,14-dithioxo-, 3,4,10,11-tetrakis[[3,5-bis[(3,5-

dimethoxyphenyl)methoxy]phenyllmethyl]ester

H.8Na.O3,PWy (CAS No. 110697-84-2): Tungstate(9-), pentadeca-p-oxopentadecaoxo[ple-[phosphato(3-) KO: KO: KO : RO":
KO': RKO™ KO": KO": KO""]nona-,sodium hydrogen (1:8:1) Coordination Compound

SIBX: stabilized 2-lodoxybenzoic Acid
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