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Abetract: Ceric wniurn sulphate oxidation of l- and 1,4- diaubatituted 

naphthalenes gives 2- and/or 2,3- dieubetituted 1,4- naphthoquinonee thrcugh 

migration of subetituents (D, Br , Ph>. Similar rearrangementa are aleo observed in 

the mnganeae(II1) oxidation and aleo in the anodic oxidation of theme arbatrates. 

The reeulte are ccnsistent with the proposal ttit these oxidations go through the 

fornation of radical cation followed by reaction with Ii20 and further oxidation of 

the radical to the carbocationic intermediate on the way to the corresponding 1,4- 

naphthoquinone. Oxidation of 1,4_diphenylrraphthalene gives 2,3-diphenyI-l,4-naphtho- 

quinone or 4-hydroxy- 2,4- diphenyl - 1(4)A - naphthalenone. Ihe reaulta are in 
aomrdance with the conclusion that euch rearrangements do not r-ire prior 
formation of arene oxide intermediates, originally propoeed for the NIB shift 

mechaniarn. 

Intrcduot ion 

Tbe NM shift of aubatituents (cl13, D, Cl 1 was first observed in aromtio 

hydroxylations with certain oxygenases. Such 1,2- shifts were initially understood 

in terms of arene oxide intermediatee formed through the oxygenation of the arowtic 

ringe by the oxidant belx~ing like an oxene or an oxemid. I-6 

Sche4ae1 

-______-___-~____---~ -___-_ ---_--_-- 

tAddress for correspondence to this author: School of Chemistry, University of 

Hyderabad, Central Univereity P. O., Hyderabad - 500 134, India 

3575 



3576 M. V.BHA-IT andM. PERIASAMY 

We have first reported I ,2- shifts in the oxidation of l-substituted 

naphtbalenes to 2-substituted 1,4-naphthoquinonee by oeriurn(IV) which funotions as a 

single electron transfer oxidant.’ We have suggeeted the meotmniem outlimd in Sohems 

2 in order to rationalize these I,2-shifts of substituents.’ 

We bave referred to this as a new 1,2- shift rime this oxidation does hot 

involve the oxene or oxenoid species then reported to be involved in ths oelebrated 

NIIi shift meohanian (Soheme 1). In recent years, there is renewed interest in the NIH 

ehift meoimuimn.8-10 Unfortunately, these reports do not include uur preliminary 

results in their disoussion. We desoribe here our results of further inveetigations 

on the CAS oxidation of some 1,4- disubstituted naphthalehes and also tlm results of 

the mnganese(II1) oxidation of the 1- and 1,4- disubstituted naphthalehes. 

haults and Disoussion 

CA2 oxidation of l- srd 1,4- disubstituted naphtlnlerms: Kinetic results of the 

CA2 oxidation of haphthalene are consistent with a meohenism involvia initial 1:l 

complex formation followed by decomposition of the complex to the radical mtion in 

the rate limiting step.” 

However, stoichicmetric studies indicated ttmt six moles oeriu(IVI are required 

for the oxidation of one mole of oaphthalene to 1,4- naphthoquinom’i and hence 

kinetic results do hot help in the understanding of the meohahim of further 
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mversion of the radioal cation to 1,4-In*thoquimns. 

The isolation of naphthalone-1,2-oxide and the observation of ths NDi shift in 

the hydroxylation of l-substituted naphthalenes shed light on the meohanism of 

biological oxidation of naphthslene.2 It WM thuught that CA2 oxidation of l-arx! 

l,rl-disubstituted nsphthalene derivatives would throw light on this slngls eleotron 

transfer oxidation. Therefore, we have examined the CA2 oxidation of several of these 

derivatives. We have obeerved that CA2 oxidation of the readily aoceesible 

1,4-dideuterionaphthalene given 1,4-rnphthoquinone, containing deuteriw in the 

quinonoid moiety as revealed by the 1.5:2 ratio observed for tha 2,3-quinonoid and 

6,7- aramatio protons in the ‘II-HIR ape&rum. The fmus apeotrum of the product showed 

M” peeka at m/e: 158, 159 and 180 ; fragment8 at 130, 131, and 132; 101, 105, and 

106; 76 and 78. 

+~++i)+&O+O# 

D 0 0 0 

1 2 3 4 

Emever, presence of the aoapourd 3 in the product mixture cenwt be 

ascertained. 

Oxidation of llnethylnaphthalene (Table 1) yielda I-naphthaldehyde (30%) arxi 

1,4-naphthnquinDne(20%) a& the l-methyl-1,4-naphthoquirone and !+methyl-1,4- 

llaphthoquinwrs were not r0rmsd. Interestingly, CM oxidation of 2-wthyl naphthalene 

gives Zretl@-1 ,I-naphthaquinone(8OW and 8-methyl-1,4- naphthoquinane(l5W and 

2-naphthaldehyde was not formed. Further, it hae been observed ttW the CA.9 oxidation 

of 1-naphthaldehyde and 1-napthoic acid gives 1,4-naphthoquinone in 50% and 42% 

yields, respectively (Table 1). Probably, the 1,4-naphthoquinone is formed in the 

oxidation of l-a#thylnaphthalene through further oxidation-deoarboxylation of 

I-naphthaldehyde. 
CHS CHO 

Whereas the CA2 oxidation of I-bramonaphthalene at 50°C (Table 1) gives Sbromo- 

1,4-naphthquinone (15X), I-bromo-l ,l-naphthoquinone (30x) and 1 ,4-mphthoquinone 
(18%) beside 2-bromo-1,4-naphthoquinone (10x1, oxidation of 1,5_dibraonaphthalene 



3578 M. V. B&u-r and M. PERIASAMY 

Table I. CAS oxidation of l- and 1,4- disubstituted naphthlerm 

S.No Substrate Reaction conditiona 

Ten&C> Tin&h) 

Produotsb 

Yield [XI’ 

1. 

2. 

3. 

4. 

cl-lo * 

co :I; 25 

25 2 

Br 

cd ;I; 50 

Br 

5. 

Br 

Ph 

6. 

60 

50 

24 
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7. 

6. 

0. 

10. 

11. 

Br 

Br 

Ph 

Ph 

Ph 

25 zd 

2e 

50 

50 

3* 

48 

52% 20% 

a) Oxidations were carried out in Cll,CWW R2S04 mixture using 1 llmol of organ10 

substrate and 6 nxacl of CAR. b) Products were identified by IR and Ill NlR spectral 

data and ccmparison of physical constant data with data reported in the literature. 

Rcducts in entries 5 (m.p. 68-70% and 10 (hydroxy diphenyl Mphthalenons 

(m.p.152-153% are new oanpo~As. Rxpeoted M’ in the rmss spectra and satisfactory 

analytical data (Ct 0.3 and l& 0.3%) were obtained for these ccqouM~. c) Yields are 

of products isolated by preparative TLC Isilicegel/benzene benzene/chloroform (1:l)l. 

d) 4 nxool of CA5 MM used. The 1-naphtholcl ma01 1 in CE3ClN30 ml 1 was added drop wise 

to a solution of CAN4 nrnol) in 2l4 l12904(50 ml )/CR3CN(10 ml) mixture. e) 4 rm~l of 

CM was used. I) 0.5M F12904 was utilized. g) flkl R2SC4 ++as utilized. 
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remltx in the forrrtion of 2,5-dibromo- 1,4-naphthoquinono. Similarly, oxidation of 

i-phenylnphthlene rt SO’C yielda %phemyl-i,4-mphthoquinoneG3S%) throu@ reaction 
0r ths u0aditmd ring ard zphe~l-i,4-nphthoqui~(24m via 0xid8tim irdu00d 

i,2-xhift of the phony1 group. 
‘ll~ l,2-ohift observed in them caaem could be visualized by the mooknin in 

Sohffm 1. In the came 0r i-methyhphttuame, the reuwti0ntakem a different oourae 
lsding to doprototutim of the mthyl group. 

We lmve alao found that elow addition of I-naphthol to the CM? in CX$W -Pr 

H2904 mixture giver i,4-rmphthoquinone in 20X yield, the min product8 being 
polymeric, oxidatively oouplal mterirlr. Ihim is not eurpriming ainoa oxidation of 
phenols with oingle electron transfsr oxidant8 uamlly lead8 to oxidatiwaly oaupled 
produotr due to the iormtion of radicals in relatively lvge conoentration8. la 
Emmver, rormtion of 1,4- napthcquinone in the CAS oxidation of I-nnphthol doe8 
irxiioate that it ix reaaomble to expect the intermediacy of 1-naphthol in the 
oxidation of mphthalene to 1,4- mphthoquinone aa vimalized in Soheae 2. 
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In the mechanism out1 ined in Scheme 2, it is implied that the migration 0r 
substituente takes place betore the rormation 0r I-mphth01 interwdiate. However, 

migration or nubstituents alter the l-nfqbtbol intermediate also @cbae 3) oannot be 

ruled out. Further, there is also an interesting poseibility of two migrationa in the 

oxidation of 1,4_disubstituted Mphthalenee. In order to examine three porribilitiee, 

we have carried out the CA3 oxidation of 901~8 1,4_dieubstituted naphthalenee. 

AS diecueeed previously, formation of 2,3_dideuterio-1,4-naphthoquinone in the 

CA3 oxidation of 1,4-dideuterionaphthalene cannot be supported or ruled out on the 

basic of available data. We have obeerved ttit the CAS oxidation of 4-deuterio-l-bro- 

monaphthalene gives 2-bromo-1,4_naphthoquinone (10%) which does not contain deuterium 

in the quinonoid moiety, indicating the loss of deuterium during this transformation. 

Unfortunately, CAS oxidation of 1,4_dibromonaphthalene gives only the B,B-dibrcrpcr 

1,4-rurphthoquinone (Table 1) through oxidation of the unsubstituted ring. 

In the mechnniem or CAS oxidation of I-b=naphthalene(SohePs 21, the 
intermediacy of 2-bromo-1-naphthol is suggested. So, it mra thought that the CAS 

oxidation of the readily accessible 2,4-dibromo-I-naphthol would throw light on the 

rurther conversion. In this case, only 4-bromo-1,2-naphthoquinnne and 

2-bromo-1,4-nsphthoquinone were obtained and 2,3-dibrcnno-1,4-Mphthoquimns ~8 not 

rormed. It is clear that the loss of one of the bromine atone ie tba preferred 

pathway in this case. Further, it can be inferred that in the CA3 oxidation of 

I-brcmonaphthalene to 2-brcmo-1,4-naphthoquinone, the latter could not have been 

rormed from I-brocPo_l-naphthol intermediate resulting from poseible initial 

hydroxylation on the position para to the bromine (Scheme 3). It ia therefore moat 

plausible that the 2-bromo-l,4-naphthoquinone and 2,Sdibromo 1,4-naphthoquinone 

obtained in the oxidation of 1-bromonaphthalene and 1,5_dibromonaphthalene, 

respectively, (Table 1) are formed through the mechanism outlined in SoMne 2. 

The CAS oxidation of 1,4_diphenylnaphthalene gives different products, depending 

on the acidity of the medium. Whereas in 6M H2s04 - CX3CN mixture the oxidation give6 

2,3-diphenyl-1,4-naphthoquinone, in 0.5M H2S04 - CH3CN mixture, the 5,8-dipbenyl-1,4- 

naphthoquinone(2OW end I-hydroxy-2,4_diphenyl-l(Ili)-naphthalenone are formed. 

Clearly, in the oxidation of 1,4_diphenylnaphthalene to 2,3-diphenyl-1,4-mphthuquin- 

one two migrations take place, one berore and another after the formation 0r the 
4-hydroxy-2,4-diphenyl-l(rlE)-naphthalenone intermediate (Schemes 2 and 3). 

All the results obtained in the CAS oxidation of l-substituted arxl 1,4-di- 

substituted naphthalene derivatives are consistent with the mechanism outlined in 

Schene 4. 

Manganeme(II1) oxidation of I- and 1,4-dimlbatitute!d naphtha1enell: The 

manganeee(II1) sulphate can be readily prepared by titrating KMn04 a&ainmt l&W4 in 

dil .H2SQ4 medium at 0’C.13 It is a perful one electron oxidant (E. = 1.5lV in 7.5M 
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H.p4’. I4 It was obeerved that ~anese(III) sulphate in ffl Ii$04 - CXi$N mixture 
oxidizes polycycl ic arolaatic hydrocarbons to the corresponding quinonee in 50 - 60% 

yields.15 Manganese(II1) oxidation of 1,4_dideuterionaphthlene gives 1,4_naphthoqui- 

none containing deuterium in the quinonoid moiety similar to the observation in the 

CAS oxidation (ie. 1.5:2 ratio for quinonoid and 6,7-aroppatio protons in the &WR 

spectrum). Mn(II1) oxidation of other l-substituted and 1,4_disubstituted mphthalene 

derivative also givea similar results (Table 2). 

Ihe I,2-shifts observed in the reactions using theee single electron transfer 

oxidants have been also observed in the ancdic oxidation of these derivatives in PIF 

- dil.E2SQ4 mixture. 16 Accordingly, the mechanism outlined in Scheme 4 Ir consistent 

with the products obtained in all these single electron transfer oxidations. 

Relationship to the NIH shift meclnnie. The NIH shift observed in the 

hydroxylation of aroomtic rings by mixed function oxygenases maa originally 

understood in terms of cxo-iron species behaving like ‘oxene’, giving arene oxides as 

intermediates on reaction with aromatic -8. ‘-I The paode systems Mach aa the 

chrcmyl reagents, I7 cr(y,, and others employing porphyrin - iron oxidants 18 whiob 

are likely to contain high vale& oxo-iron species, and electrophylic epoxidizing 
agents such as peroxyacide also exhibit the NIH shift upon reaction with appropriate 

aromatic ocmpound. 3 On the other hand, oxidationa utilizing the Fenton aystaa 6,19 

-$Y2;t2~21 ;rMeny;e; 
. . 

mntalnlne an iron salt and peroxide or 

, Hsmilton and Viscontini eysteme) do not proceed 

with the NIFI shift. The results described here for the eingle electron transfer 

oxidation of l-substituted and I,rl-disubstituted naphthalene derivatives indiorite 

that for obtaining the shift, the crucial intermediate is the hydroxycarbocationic 

intermediate Bchemes 2 and 4). Al though the precursor radical to this intermediate 

is also formed in the oxidations using the Fenton system through Ho. radioal addition 

to the aroavttic ring, the shift is not observed unless there is an one electron 

oxidant capable of oxidizing this radical to the cationic species. 9,lQ 

Ihe 1,2- shifts observed in the oxidation of the l- and 1,4- dioubstituted 

naphthalenes with the single electron transfer oxidants illustrate tlmt such 1,2- 

shift8 are not dimstic of the involvement of arene oxide intermediates in the 

oxidation of aromatic rings. However, there ie a poesibility that the arene oxides 

could result Iran the intermediates similar to the hydroxy carbocationic intermsdiate 

CScheme 2 and 41, formed through single electron transfer mechsnism. There are 

several recent reports describing the involvement of carboartionic intermediates in 

the epoxidntion of olefins by certain monooxygennees 22 and also by scme mcdel 

systems. 23-25 Needless to say, in view of the carcinogenicity of several aramtic 

hydrocarbona, it is worthwhile to probe the nature of the precursors to the arm 

oxides in biological oxidations. 
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Table 2. I&gmneee(III) oxidation of l- and 1,4- disubritituted naphthalenem 

S.NO &b&rate8 Reaotion oonditions’ Produot<r)b 

Tea&‘C) Time(h) Yield [Xl” 

1. 25 10 

Br 

Ph 

Ph 

4. 50 3 

a) Oxidations were carried out in CR3CW6M Ii2S04 mixture using 1 lmol of organic 

substrate and 6 nmol of Etn(III). Manganese(III) sulphate(“6 nunol) in 6M Ii2S04 

solution(50 ml) was prepared ueing R4n04(200 mgf) Md 14nS04G!g) at O’C. b) Roduota 

were identified by comparison of the samples and data with thoee obtained in the 

oxidation(Table 2). c) Yields are of products isolated by preparative TLC. 
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Experimsntal ssot ion 

General : Melting points reported are uncorrected. lhin layer -tographic 

tests and separations were carried out on glass platesMkm x 5am and 2Ocm x 2Oan) 

coated with silica gfel(ca. 0.2nmn) obtained from NCL, Pune, India; aotivatd at 1OO’C 

for 3-4h prior to use. Qpote and bands of colourless compounds were rendered visible 

by ehort exposure to iodine vapor. &ric lllmronium sulphate 2tNH4)2S34.C!0(EC4~2.21i20, 

used was of reagent grade. Aoetonitrile was kept over anhydrous Na2S04 and then 

distilled over P205. Organic substrates were obtained from oamaercial sources or 

prepared following cited procedures. The oxidation products were almraatsrized by 

speotra1ci.r. snd ‘H-MU data and ocmparison of the physical constant data with the 

data reported in the 1 iterature. ‘Ihe unknown oompouMs were fully oharacterized by 

spectral data and elemental analyses (C +0.3X, H +0.3X). 

Oxidation Prooedures. Typical procedures followed for the oxidations are given below. 

CAS oxidation of 1,4-diphenylrmphthalene: Cerio Wnilm sul*te t3.8g, 8mol) 

dissolved in 0.5M sulfuric acid (QOml) vms added to 1,4-dipMnyl- mphthalene 

(0.28g,l~l) suspended in aoetonitrile (loOmI) and 0.5M sulfuric acid (1CW) and the 

contents were stirred for 3h at 50°C. ‘Ihe mixture was brought to room temperature and 

extracted with ether (3x5(M). The organic extract wss dried over anhydmus Na2S04 

and the solvent was evaporated. Chromatographic separation of the residueU’lX 

benzene/ chloroform, 5:1), gave s,I-diphenyl-1,4-mphthoquinone (O.oSg, 20x1, 

mp.141°C, Lit.28 mp. -1 140-142°C, i.r. (nujol) u- 1600 CII , sI-m 03GWiz,clzl3) 

7.2-7.76 (12H, m) and 8.76 (2H, 8); and 4-hydroxy-2,4-diphenyl-l(rlH)-naphthalenone 

(0.188, 52x), mp.152-152°C, i.r.(nujol) V- 3350, 1870 snd 1805an-‘, lH-WR (27OMHz, 

lMQO-d8) 8.05-8.096 (lH, a), 7.2-7.76 (13B, ml, 7.06 (lli, a) and 8.85 [lH(OH), sl; 

Hasa(m/e): 3120t+,80%), 295(80%) and 284 (100%); Analysis: C 84.89x arxl R 5.50#, 

C12R1802 requires C 84.59x and A 5.1&X. 

When the above experiment was carried out using 8M H2SQ4 in the placa of 0.5M 

%zQC4, 
2,3-diphenyl-l,4-naphthoquinone was isolated in 88% yield, mp.140-141°C, Lit27 

mp.138-140°C, 
-1 

i.r.(nujol) Y- 1850 ca , +l+IR(6oHBZ ) CDC13) 8.0-8.46(2H, ml, 

7.5-7.96(2E, III) and 8.8-7.466(1OH, ml. 

Ml?+ oxidation of 1,4-dipheny1naphtha1ene. To a solution of l,r-diphenyl- 

naphthalene (O.l4g, O.hl) in acetonitrile (3&l), nmnganese(II1) sulmte 

(3nrnol), prepared using KMn04 (O.lg) and MnS04 (lg) in 8M sulphurio aoid at O’C, was 

added atxl the contents were stirred for 3h at 50°C. After work-up, 2,3-diphenyl- 

1,4-naphthoquinone (8Omg,52%) was isolated. ‘lhe product MN found to be identical to 

that obtained in the CAS oxidation. 
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