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Synthesis of Arylnaphthoquinones and Their Reactions with o-Substituted
Primary Aromatic Amines
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®Chemistry Department, Facultyof Sci ence, South Val ley Uni ver sity, Qena, Egypt
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Cycloadditionreactionof 2-aryl-1,4-benzoquinones 1a-d with anum ber of dif fer ent dienes, namely 2,3-
dimethylbutadiene; 1,4-diphenylbutadiene and anthraceneyield 2-aryl-6,7-dimethyl-1,4- naphthoquinones
3a,b; 2,5,8-triphenyl-1,4-naphthoquinone 4 and 2-aryl-1,4,9,10-tetrahydro-9,10- 0-benzoanthracene-1,4-
dioneb5, respectively wereinvesti gated. Inad di tion, thecycloadditionreaction of 2-aryl-1,4-benzoquinones
1d,e with 2,3-dimethylbutadiene was also investigated to yield 2-aryl-5,8-dihydro-6,7-dimethyl-1,4-
naphthohydroquinones2a,b. Cyclocondensation re ac tions of Diels-Alder ad ducts 2b, 3b, 5a with ethyl-
enediamine, o-substi tuted pri mary ar o mati caminesgavequinoxaline, phenazine, phenoxazineand phenothi-
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azineocyclicderiv atives6-14.

INTRODUCTION

Incontinuationof our study for thesynthesisof hetero-
cyclicni trogendervatives, *® wewereinter estedinthereac-
tion of arylnaphthoquinones with thioglycolic acid and pri-
mary ar o matic aminesgiv ing twotypesof theconden sation
products.® Thequinoxaline,*”** phenazine,*>*® phenoxazine*°
andphenothi azine,?*?! ring systems have been ex ten sively
stud ied and many such com pounds have now be come com-
mercialy avail able and are widely used in med i cal prac
tice”*?*and in thedyein dustry.?* Thisled usto synthesize
some new re lated com pounds. In thiswork, 5-arylbenzo-
[f]quinoxalin-6-one 6, 5-arylbenzo[ flquinoxalin-6-ol 7, 6-
aryl-5-hydroxybenzo[a] phenazine 8, 6-arylbenzo[a] pheno-
thiazin-5-one 9 and 6-arylbenzo[a] phenoxazin-5-one 10
wereprepared by the reactions of the synthesizedDiels-
Alder ad ducts, arylnaphthoquinoneswith ethyl enediamine
and/or o-substi tuted pri mary ar omaticamines.

RESULTSANDDISCUSSION

Treat ment of 2-(p-carboxyphenyl)-1,4-benzoquinone
1d and/or 2-(p-nitrophenyl)-1,4-benzoquinone 1e with 2,3-
dimethylbutadiene in glacial acetic acid yields colorless
com poundsof 2-aryl-5,8-dihydro-6,7-dimethyl-1,4- naph-
tho hydroquinones 2a,b. The ox i dation of com pounds2a,b
withagueoussolutionof chromiumtri oxideinhotglacial
aceticacid givesyel low com pounds of 2-aryl-6,7-dimethy-
1,4- naphthoquinones3a,b. Diels-Alder adduct fromthereac-
tion of 2-phenyl-1,4-benzoquinone 1a with 1,4-diphenyl-

butadieneindry ben zenewasobtainedinan ox i dized stateas
2,5,8-triphenyl-1,4-naphthoquinone 4. The cycloaddition re-
actionof la-d with anthracene pro ceeded also in hot glacial
acetic acid, af forded the ad ducts5a-d, namely 2-aryl- 1,4,9,10-
tetrahydro-9,10- o-benzoanthracene-1,4-diones (Scheme ).

Thestruc turesof these prod ucts 2-5were sup ported by
their analyti cal and spectral data(IR, NMR and MS) which
werein full agree ment with the pro posed struc tures (cf. Ta-
bles1and 2).

Treat ment of Diels-Alder ad ducts, 6,7-dimethyl-2-(p-
nitrophenyl)-1,4-naphthoquinone 3b with ethylenediamine
at roomtem per atureand at 80 “*Cinabsoluteethanol gave
8,9-dimethyl-5-(p-nitrophenyl)-2,3,4,6-tetrahydrobenzo| f]-
quinoxalin-6-one 6 and 2,3-dihydro-8,9-dimethyl-5-(p-nitro-
phenyl)benzo[ flquinoxalin-6-ol 7, respectively (Schemell).
IR spec traof com pound6 revealed the presence of *CO at
1710 cm* and the pres ence of vNH band at 3350 cm™. But IR
spectra of compound 7 revealed the absence of +CO of
quinone and pres ence of YOH band at 3400-3450 cm™; ana
Iyti cal and spectro scopic dataof thesecom poundsarelisted
inTables1 and 2. Onthe other hand there ac tions of 3b with
o-sub sti tuted ar o maticamines, namely o-phenylenediamine;
4,5-dimethyl-o-phenyl enediamine; o-aminothiophenol and
o-aminophenol gave 2,3-dimethyl-6-(p-nitrophenyl)-5- hy
droxybenzo[a]phenazine 8; 2,3-dimethyl-5H-6-(p-nitro-
phenyl)benzo[a]phenothiazin-5-one 9 and 2,3-dimethyl-
5H-6-(p-nitrophenyl)benzo[a] phenoxazin-5-one 10, re spec-
tively (Schemell).

The chemical structures of these compounds were
based onspectral andel emental anal y ses(cf. Tablesland2).
Thereactionbetween2b, 5a and o-substi tuted pri mary ar o
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matic amines pro duced 11-14 inasimi lar man ner to that de-
scribed above (Scheme [11). Thechemi cal structuresof these
com poundswerebased onspectral andel emental anal y ses
(cf. Tablesland?2).

EXPERIMENTAL
Melting pointsweredeter mined onan electricmelting

point ap paratus(Gallenkamp) and wereun cor rected. ThelR
spectra(KBr) werere corded on a Shimadzu 408 spec trom e-

ter. The *"H-NMR spectra were recorded by a 300 MHz
VarianNMR spectrometer; chemi cal shiftsarereportedin
ppm with TMS asan in ter nal stan dard and are givenin &
units. Electronim pact mass spec trawereob tained at 70 eV
usingaGCM Ssp. 1000 Shimadzu. El emental anal y seswere
car ried out at the MicroanalysisUnit at Cairo Uni ver sity.

Synthesis of 2-aryl-5,8-dihydro-6,7-dimethyl-1,4-
naphthohydroquinones 2a,b

A solution of 2-(p-carboxyphenyl)-1,4-benzoquinone
1d (0.005 mol) or 2-(p-ni trophenyl)-1,4-benzoquinonele
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Table 1. Phydcd Dataof Compounds2-14
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Comp. Ar Crys. Yield Appearance M.P. Molecular
No. Solvent % *C Formula
2a p-CeH,CO,H acetic acid 67 colorlessneedles 257 CioH180,
(310.34)
2b p-CeH4NG, acetic acid 74 colorlessneedles 265-8 CigH17NO,
(311.33)
3a p-CsH4CO,H acetic acid 63 yellow flakes 270-2 CioH1404
(306.32)
3b p-CeH4NG, acetic acid 71 yellow flakes 256-8 CigH13NO,
(307.30)
4 CeHs petroleum ether (60-80) 70 yellowish orange needles 103-5 CxH150,
(386.45)
5a CeHs aqueous ethanol 88 yellowish brown crysta's 157-8 CxH160
(360.41)
5b p-CeH4CH5 aqueous ethanol 92 yellowish orange crystds 115-6 CxH150,
(374.44)
5¢c p-CeH,4Cl aqueous ethanol 63 pae brown finecrystas 139-140 CxsH150.Cl
(394.86)
5d p-CsH4CO,H aqueous ethanol 70 gray finecrygads 148 C,/H160,
(404.42)
6 . ethanol/petr. ether 80 brown crystals 184 CyoH17N305
(347.34)
7 . aqueous ethanol 64 yellowish gray micro crysals  128-130 CxoH17N303
(347.34)
8a . acetone 60 orangered crygads 320-2 C,4H17N304
(395.42)
8b . acetone 66 red flakes 346-8 CaeHo1N3O5
(423.47)
9 - acetone 43 cherry red needles 326-8 C,4H16N>S03
(412.47)
10 - methanol 30 browni sh yellow flakes 324-5 C,4H16N504
(396.40)
11 - chloroform/pet. ether 40 red micro crysta's 310 CosH1gN2SO5
(414.48)
12a ethanol/pet. ether 52 red micro crysta's 270-2 Cu4H19N305
(397.43)
12b ethanol/pet. ether 56 red micro crystal's > 360 CoeH23N305
(425.49)
13 - benzene/pet. ether 39 dark brown crygds 170 C3H1gNSO
(465.56)
14a - aqueous ethanol 62 browni sh orange crystal s 182 CaHxoN,0
(448.51)
14b - aqueous ethanol 66 deep brown crysta's 168 C34H24N50
(476.58)

and (0.41 g; 0.005 mol) of 2,3-dimethylbutadiene in 20 mL
glacial acetic acid wasleft for 12 hoursin aclosed ves sel at
roomtemper ature. Thereactionmix turewasheatedunderre-
flux for 3-5 hours and cooled. The solid prod uct so formed
wascol lected by fil tration and recrystallized fromtheap pro-
pri atesol venttoyieldthedesired col or lessprod ucts2a,b;
yields, melting points, analyti cal and spectro scopicdataare

listedin Tables1and 2.

Synthess of 2-aryl-6,7-dimethyl-1,4-naphthoquinones
3a,b

Toahot solutionof 2a or 2b (0.005 mol) in 25 mL gla-
cial aceticacidwasgrad ually added asolution of chromic
acid (1.35g of chromiumtri ox idein 3mL distilled water).
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Table 2. Andytical and Spectroscopic Data of Compounds 2-14
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Elemental Analyss MS
Comp. Ar Found/Calcd. m/e IR 'H-NMR
-1
No. C H N base pesk (cm?)
2a p-CeH,COH 7342 5. H 1680, 1.75(s 6H, 2CHy); 3.12(s 4H, 2CHy); 6.60(s, 1H,
7354 58 2925 (b)  H-3); 7.69; 7.90(2s, 2H, 2 OH) and 7.60; 7.96(2d,
3525(c)  4H, Ar) (f).
2b p-CsHsNO, 69.32 541 443 3525(c)  1.72(s 6H, 2CHJ); 3.16(s 4H, 2CH,); 6.68(s, 1H,
69.44 55 450 H-3); 7.76; 8.14(2s, 2H, 2 OH) and 8.18; 8.36(2d,
4H, Ar) (f).
3a p-CeH,COH 7442 4.5 306M™,30.8) 1665(a)  2.52(s 6H, 2CHJ); 7.17(s 1H, H-3); 7.73; 8.05(2d,
7450 4.61 261(100) 1700, 4H, Ar) and 7.80; 7.86 (2s, 2H, H-5, 8) (f).
2925 (b)
3b p-CsHsNO, 7048 439 458 1670 (@)  2.43(s 6H, 2CHy); 7.05(s 1H, H-3); 7.67; 7.78(2s,
7035 426 456 2H, H-5, 8) and 7.92; 8.38(2d, 4H, Ar) (e).
4 CeHs 8715 4.8 1630, 6.82(s 1H, H-3); 6.85-6.92(m, 5H, Ar); and 7.46-
87.02 4.69 1665 ()  7.58(m, 12H, Ar) (e).
5a CeHs 8658 4.3 360(M™,87.8) 1650, 5.88(s 2H, H-9, 10); 6.67(s, 1H, H-3); 7.04-7.10(m,
86.65 4.47 202(100) 1715(8)  5H, Ar) and 7.41-7.50 (m, 8H, Ar) (e).
5b p-CsHsCH3 86.75 5.14 374M*,100) 1650, 2.35(s 3H, CHy); 5.91(s 2H, H-9,10); 6.72(s, 1H,
86.60 4.8 1715(@  H-3); 7.25; 7.33(2d, 4H, Ar) and 7.48-7.52(m, 8H,
Ar) (f).
5c p-CsH,Cl 7915 371 1650, 5.89(s 2H, H-9,10); 6.65(s, 1H, H-3); 7.05;
79.09 3.8 1715(@  7.11(2d, 4H, Ar) and 7.36-7.49(m, 8H, Ar) (f).
5d p-CeH,COH  80.07 3.8 404M™,87.1) 1650 (a); 5.96(s 2H, H-9,10); 6.78(s, 1H, H-3); 7.42-7.58(m,
80.19 39 202(100) 1690, 12H, Ar) and 10.84(s, 1H, COCH) (f).
3450 (b)
6 - 69.09 4.88 1213 347(M*249) 1710(a) 2.38; 2.44(2s, 6H, 2CH3); 3.62-3.87(m, 4H, 2CH,);
69.15 4.983 1210 220(100) 3350(d)  6.18(m, 1H, NH); 7.15(m, 4H, Ar); 7.92and
8.12(2s,2H, Ar) (e).
7 - 69.31 4.8 1219 347(M*]15.4) 3450(c) 2.41; 2.49(2s, 6H, 2CH3); 3.82(s 4H, 2CH));
69.15 4.983 1210 299(100) 7.18(m, 4H, Ar); 8.12; 8.86(2s, 2H, Ar) and 9.15(s,
1H, OH) (e).
8a - 7274 4.3 1038 395M*,100) 3400(c) 2.58(s 6H, 2CH2); 7.80-7.85(m, 4H, Ar); 8.37(s
7290 4.3 1063 2H, H-1, H-4); 8.41-8.42(m, 4H, Ar) and 9.07(s,
1H, OH) (f).
8b - 7359 507 997 3400 (c)  2.48;2.51; 2.61; 2.66(4s, 12H, 4CH3); 7.62-7.72(m,
7374 49 992 4H, Ar); 7.98(s, 2H, Ar); 8.12; 8.33(2s, 2H, Ar) and
9.04(s 1H, OH) (f).
9 - 69.87 38 6.64 1665 ()  2.46; 2.52(s, 6H, 2CHj); 7.33-7.55(m, 4H, Ar);
69.89 391 6.79 7.58; 8.39(2d, 4H, Ar) and 8.07; 8.68(2s, 2H, H-
1,4) (e).
10 - 7255 413 692 396M"100) 1650(a)  2.52; 2.60(s, 6H, 2CHy); 7.30-753(m, 4H, Ar);
7272 407 707 7.58- 7.99(m, 4H, Ar) and 8.12; 8.58(2s, 2H, H-14)
(8.
11 - 6957 442 672 1665 ()  1.65(s 6H, 2CHy); 3.11(s 4H, 2CH,); 7.33-7.52(m,
6955 4.38  6.76 4H, Ar) and 7.57-7.62(m, 4H, Ar) ().
12a - 7231 4.8 1049 3450 (c)  1.56(s 6H, 2CH3); 3.08(s 4H, 2CH,); 7.57-7.68(m,
7253 4.8 1057 4H, Ar); 7.72-7.78(m, 4H, Ar) and 8.90(s, 1H, OH)
(8.
12b - 7334 551 985 3500 (c)  1.66(s 6H, 2CHj); 2.47; 2.50(2s 6H, 2CH5);
7340 545 988 3.12(s 4H, 2CH,); 7.57-7.68(m, 4H, Ar); 7.75;
7.79(2s,2H, H-8,11) and 8.94(s, 1H, OH) (e).
13 - 8268 4.3 292 1710(8)  5.89(s 2H, H-9, 10); 7.06-7.12(m, 5H, Ar) and
8255 411 301 7.48-7.56(m, 12H, Ar) (f).
14a - 8556 454 620 448M"41) 1700(8)  5.68(s 2H, H-9, 10°); 7.12-7.19(m, 5H, Ar); 7.42-
8569 4.49 624  345100) 3350 (d)  7.59(m, 12H, Ar) and 8.1(s,1H, NH) (f).
14b - 8552 512 582 1700 (&)  2.60, 2.64(2s 6H, 2CHjy); 5.82(s, 2H, H-9", 10);
8569 5.07 587 3350(d)  7.06-7.12(m, 5H, Ar); 7.45-7.51(m, 8H, Ar) and

8.11, 8.18(25 2H, Ar) (f).

@) +CO; (b) +COOH; () wOH; (d)wNH; (€) CDCls; (f) ds-DMSO.
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Scheme |11
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Whenall theox i dant had been added, thereactionsolution
washeated for 20 min uteswith out boil ing and cooledtoroom
temper ature. Thedepositedyel low precipi tatewasthencol-
lected, washed with ethanol and recrystallized from the
proper sol ventto af ford 3a,b; yields, melting points, analyti-
cal and spectro scopic dataarelistedin Tables1and 2.

Synthesis of 2,5,8-triphenyl-1,4-naphthoquinone 4

To 0.46 g; (0.0025 mol) of 2-phenyl-p-benzoquinone
lain25mL dry ben zenewas added 0.515 g; (0.0025 mol) of
1,4-diphenylbutadiene. Thereaction mix turewasrefluxed
for 16 hours (TLC using petroleumether/benzenel:1as
eluent). Thesol vent wasremoved un der reduced pressure,
theresi dueformed wasrecrystallized from petroleum ether
toaf ford4;yield, melting point,analyti cal andspectroscopic
dataarelistedin Tables1land 2.

Synthesis of 2-aryl-1,4,9,10-tetr ahydr 0-9,10-0-benzo-
anthracene-1,4-dione 5a-d

Toasolutionof 0.002mol of 1a-d in15mL glacial ace-
tic acid was added 0.37 g, (0.002 mol) of anthracene. There-
action mix turewasrefluxed for 10-12 hoursthen cooled and
di luted with 30 mL of distilled water. Theresulting precipi-
tate wasfil tered off, dried and recrystallized from the proper
sol vent to give 5a-d; yields, melting points, analyti cal and
spectroscopicdataarelistedin Tables1land 2.

Synthesis of 8,9-dimethyl-5-(p-nitrophenyl)-2,3,4,6-
tetrahydr obenzo[f]quinoxalin-6-one 6

T00.307 g, (0.001 mal) of 3b in20mL absoluteethanol
was added 0.06 mL, (0.06 g, 0.001 mol) of ethylenediamine.
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Thereactionmix turewasstirred at room tem per aturefor 16
hours. The solid prod uct so formed was recrystallized to give
6; yield, melting point, spectroscopicandanalyti cal dataare
listedinTables1and 2.

Synthesis of 2,3-dihydro-8,9-dimethyl-5-(p-nitr ophenyl)-
benzo[f]quinoxalin-6-ol 7

Ethylenediamine (0.13 mL, 0.12 g, 0.002 mol) was
added t0 0.62 g, (0.002 mol) of 3bin25mL absoluteethanoal.
There ac tion mix turewas refluxed for 3-4 hours, then con
centrated and cooled. Theprecipi tated solidwascol |ected by
fil tration and recrystallized from the proper sol ventsto give
7;yields, melting points, spectroscopicandanalyti cal data
arelistedin Tables1 and 2.

Synthesis of 2,3-dimethyl-6-(p-nitrophenyl)-5-hydroxy-
benzo[a]phenazine 8; 2,3-dimethyl-5H-6-(p-nitrophenyl)-
benzo[a]phencthiazin-5-one 9 and 2,3-dimethyl-5H-6-(p-
nitrophenyl)benzo[a]phenoxazin-5-one 10

General procedure

A suspensionof 0.62 g, (0.002 mol) of 3b in 25 mL ab-
soluteethanol wastreated withtheap pro pri ate o-substituted
ar omaticamine(0.002mal). Thereactionmix turewasheated
un der reflux for 70-80 hours. The sol vent wasthen evap o
rated un der reduced pressure. Theresid ual sol idswerepuri-
fiedonacol umnchromatography usingethanol/petroleum
ether (2:8) asan eluent. The sol idswere col lected, recrys
tallized fromtheap pro pri ate sol ventstogive8, 9 and 10, re-
spectively; yields, melting points, spectroscopicandanalyti
cal dataarelistedin Tables1and 2.



800 J. Chin. Chem. Soc., Val. 48, No. 4, 2001

Synthesis of 2,3-dimethyl-6-(p-nitrophenyl)-1,4,5-tri-
hydrobenzo[a]phencthiazin-5-one 11 and 2,3-dimethyl-
1,4-dihydr o-5-hydr oxy-6-(p-nitr ophenyl)benzo[a]phenazine
12a,b

General procedure

Toasolutionof 2b (0.31 g, 0.001 mol) in 30 mL ab so-
luteethanol wasaddedtheap propri ate o-substi tutedaromatic
amine (0.001 mol) and heated un der reflux for 7-12 hours.
Thereactionmix turewascon centratedtoonethird of itsvol-
umeand cooled. Theprecipi tated prod uctswerecol lected
and recrystallized from the proper sol vent toyield 11 and 12;
yields, melting points, spectroscopicandanalyti cal dataare
listedin Tables1and 2.

Synthesis of 1-phenyl-2H-phenothiazino[3,4-9',107-
9H,10'H-anthracene-2-one 13 and 1-Phenyl-2H,10H-
phenazino[3,4-9°,107-9'H,10'H-anthr acene-2-one 14

General procedure

Toasolutionof 5a(0.36g,0.001 mol) inab soluteetha-
nol wasadded the ap pro pri ate o-sub sti tuted amine(0.001
mol). Thereaction mix turewasrefluxed for 3-6 hours. The
reactionsolutionwascooledtoroomtemper atureanddi luted
withtwovol umesof water. Theprecipi tated prod uctswere
col lected, dried and recrystallized from the proper sol vent to
give 13 and 14a,b; yields, melt ing points, spectro scopic and
analytica dataarelistedin Tablesland2.
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