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Ab8tmat : tiidcrcim of phowfr by oamerrrrseloni~ic acid 2 in methytrw 

dichtorida zuad0 to the para-quilrorree, whereas ,ridat ion bb 
bmtwtoseloninic mh&ride I is corlfimod to afford the correspadiw 
ortho-quinonea. Addition of indole, a8 II phr*yZsatmiwz (III trapping 
Went, inhibits thu fomtion of phesyZaaltmoqttiaonRa in the ozidutim vith 
1 or 2. - - 

The discovery of thr oxldlzing proptrtlea of btnrtncstltnlnlc mhydrldt 1 (Schcmt 1) ettmed 

from the nerd for 8 stltctlvt oxidant to convrrt slkylphmols to ortho-hydroxydltnonts, rtqulrtd 

by the Imperial College approach to the synthesis of trtracyclint’. A variety of method8 can 

*west the oxidation of phenols to ortho-hydroxyditnones, ortho- and e-quinoncs. But 

bcnrtntseltninlc anhydride 1 appeared am the unlqut reagent for selective ortho-hydroxylstion of 

phenols. tioucvrr, two cxampltl3 of prtftrrntial or selectrvr --quAnone formation wtrt 

subsrqutntly reported*. The unrxppcctcd esltctlvlty wan ascribed to ettric crowding and planarity 

dietortlon of thr phenollc subatratt, Although goners1 ly favourrd. ortho-oxidatron is not always 
3 

ecltctlvc . Thu8, varying amounts of pars-quinonts or hydroxydltnones aa well IHI phenylseltnoqui- 

Scheme 1 

nones havt been obtained. Ae benrentstlcnrnlc anhydrIde 1~ a molsturt-sensltrvt compound. the 

prnsancs of benzenmalen1nic acid ,2, also a useful oxldmt4. might lnflutnce the rcgIosslectivlty 

of the oxldatlon. The results now reported show that thrs hypothesis 18 Indeed correct. 

Preatnt l ddresmem : 
a - Deplrtint of Chemistry, Texra A & W Univtrslty. College Station, TX 77843, U.S.A. 

b - Facultb dss Scitncca St-J&k, 13397 Uaratllls Cedtx 13. France. 
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Emzrneeclcnlnrc acid 2 was convan~cntly prepared by oxidaticm of dlphtnyldlsslcnldc 3 rlth a 

stolchlometrlc amount of hydrogen peroxldc 
5 

. Care must br rxercirtd to avoid an excess of hydrogan 

psroxida, leading to the formation of the l xploalvt benzancpsroxyeelcnlnic acid’. 

Different factors were found to play a r8le on the rcgioselect~v~ty of the oxidation of 

phenols by 1 and ,2 : the nature of the oxidant, the solvent. thr pH and uatrr (Table 1). 

table 1 - Oxidation of 3,5-Di-tcrt-butylphenol 4 with 1 and 2. 

Se Re8gcnt Solvent Reaction Conditions” 

1 THF 3h, 5O.C 71 20 

CH2Cl 2 2%. r.t. 45 30 

THF 4%, Zm, r.t. 73 8 

C6H6 4h, reflux 82 13 

pyrldlns 2Oh, r.t. 23 10 

CH2C12 P20j, 3d, r.t. 18 74 

AC20 lh, r.t. 72 0 

MF 2Oh, r.t. 0 12 

MF H20. 48h, r.t. 14 40 

CH2C12 2h. r.t. 6 77 

CH2C12 CSAb * 3t¶. r.t. 9 69 

AC20 lh, r.t. 70 0 

a - r.t. I8 room tsrpcrature 

b - CSA lo camphoraulphonlc acrd 

Oxidation of 3,5-dl-tart-butylphenol j with the anhydride 1 led preferentially to ths 

ortho-qurnonc ,5, and rlth the acid 2 to the E-quinonr 6 _. This trend ia greatly improved by the 

solvent. Thun, MF and benzene are the brat solvents for ortho-oxidation wrth A, and ntthylene 

dichloride the bast solvent for pars-oxidation with 1. Although pyrldlneseleninlc dcrlvatlvsa are 

better oxidants for olefins thmn the correeponding benzene derlvatlve7, oxrdatLon of phenol 4 utth 

1 in pyrldine was very slow. Yhen the oxidation was performed An acetic anhydride, n fast reaction 

occurred to give only the ortho-qulnone, whether with the anhydrrdc 1 or the acid 2. Under thtec 
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conditions. the effective reagent must be a rlxtd anhydr i de such a8 2. Water does not 

significantly affect the reactions with the atlcnlnic acid ,2, but the ortho-l6omtr 18 favoured 

under anhydrous conditlons.Thub, benrencselcninlc anhydridr 1 reacts with phtnol 1 under anhydrow 

condltione !n btnzsnt or THF, preferably at 60-&PC, to give tsstntlally the ortho-qulnont. &I the 

other hand, benztnsselsn~n~c acid 2 rtacts with ,4 In methyltnt dichloride to &lvt esaantially the 

pus-qulnonc. 

Table 2 - Oxidation of Varloue Phtnols with 1 and 2. 

Phenol Se Reagent Ataction Conditions Products (%I 

s 
!! 
9 
2 

11 - 

11 - 

15 - 

15 - 

17 - 

17 - 

20 - 

20 - 

CH2C12, 5h, r.t, 

THF, Sh, r.t. 

CH2C12. Ih. reflux 

DMF, 2h, r.t. 

THF, Zh, 50°C 

CH2C12, lsh, r.t. 

MF, Ih, 50°C 

CH2C12, 20h, r.t. 

THF, 24h, 60.C 

CH2C12, 2h, r.t. 

MF. 24h, 60°C 

CH2C12, 2h, r.t. 

3 (42) 

3 (6we 

E (40) 

10 (251b - 

12 (621, G (4)’ 

12 (61, 13 (36) - - 

_d (9), If (76) 

g (111, 16 (77) - 

E (27). E (58) 

18 (75). 19 (19) - - 

18 (251, (60) - 9 

18 (821, 19 (71 

8 : Ref. la ; b : Ref. 3 ; c : Ref. 16. 

This seltctlvlty pattern was further txrmplifled with othrr phenols (Tablt 2). In the cant of 

2,6-d!mtthylphtnol ,9, oxidation with the anhydridr 1 lrd to various producta. Oxrdatlon of the 

sodium anion of 2 In THF afforded only the ortho-hydroxyditnonc, lsolattd as its dlmer. But 

oxidation of tht phenol 9 rlth 1 in DHF led to a mixture of tht hydroxydlenone (5%). tha 

pata-quinont g I25%) and thr diphenoqulnont 4 (40%j3. Ae txpec ted, oxldatlon of 9 rrth the acid 

1 led to a hrghtr yield of 10 (40%). - Wwn thr Z,&di-ttrt-butyl anslogue 1s was treated under - 

these condltlona, only 8 mall munt of the E-quLnont 6 van isolated from the oxidation8 with 

i or E, tht mnJor product btLng thr dlphtnoquinont 16, Thb radical mechanism of thl8 reaction was 

aupporttd by the e+s.r. obsrrvstion of the aryloxyl radical of 2.4,6-trl-tcrt-butylphenol 21 uhen - 

treettd with 1 In THF 1p 2.0051?O.OQCM ; aHm 1.7CzO.O~zc) or ulth 2 rn CH2C12 (g 2.CK349ZO.ooo4 ; 

\ l.SS:O.OsC). Similarly the Mksttr radical cation g wan observtd in the rcactaon of 

N,H.N’,H’-tetramtthyl-p-phenylenylenedlmlne wrth 1 An MF (g 2.0037rO.OW4 ; a,,H(CH3j 1.77iO.05C ; -- 
a,,tcHj 6.80~3.05G ; an 6.93Sl.OK;) or with 2 in CH2C12 (g 2,0034!0.ooO4 ; t$(CH3) 1.77ro.05c ; 

‘H(~~) 6.8~0.05G ; a,, 6.99tO.OSC). 

In the oxldatim of IFKMI~ phenols, phenylaclenylated dcrlvatlvaa havt bttn obarrvrd, rtnultlng 

from the trapping of rntermcdiately formed phenylselenium (II 1 sprcles by tht phtnollc subetrate 

Itself. We considered that such by-products could br l llmlnated through addition of n more 

nuclaophllic non-oxidizable trapping agtnt. Such a rsactlon ettmtd poasibla when 1.3.5 

trlmtthoxybtnzrnt 23 wae used aa an internal standard for NW7 nonltorlng of the oxldatlon of - 

thymol and carvacrol. The mno- and di-phtnylatlsno drrrvstlvts 24 and 25 wre formed. Oxidation - - 

of phtnola prme to phtnyluelcnylatlon rlth 1 or 2 In thr presenct of 1,3.%trimsthoxybsnrent led 
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ncvcrthelees to complex mixtures fra uhlch only the phcnylsclsno coslgoundr 24 or 25 were - - 

recovered. Other trapping agents were also ummd, and lndole proved to be the moat efflclent. mus. 

3-phcnylrclenolndole 26 wm the only selenlm containing product obtained in the oxidation of 

indollne by 1 
a - , in the preaenca of 23. Uhcn a-nmphthol 11 UM oxidized by 1 in the prcecncs of - - 

indole, 8 good yiald of the ortho-qulnona and of the phenylseleno compound 2s ma obtained. Apart 
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Schene 2 - Mechanisms of Phenol Oxidatron by Bcnrene8elen~nlc Darivstlves 1 and 3, 
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from a tract aru>unt of dlphenyldissltnide, no other selenium containing derivative wm detected. 

Various rechanlsaa have been postulated to rataonalirs the prtiduct drmtrlbutlon and the ortho 

stltctlvity leading to ortho-quinonta or a-hydroxycyclohcxadisnones, depending upon the 

a-aubstitutlon. The study of the influence of various factor-m, such an the nsture of the Se ( IV) 

reagent, the rolvcnt and the reaction conditions. leads to n better understanding of the various 

pathways (Scheme 21. Thus, under nuclcophillc reactron conditions (THF or bcnrtnr, bane, anhydrldc 

1). the major pathuny rnvolvte the formation of the _O-acltnlnyl ester 27 of the phenol. - 

Sigmatroprc raarrangenent lrade to the ortho-hydroxylsted derivatrvcs 30. In the reaction of thr - 

acid _2 in acttrc anhydrIde. the ortho selrctlvity inpllrs the formation of a mixed anhydridc such 

a8 I. reacting with the phenol to givr the 0-sslenlnatr, A nlnor psthuey could result from ortho 

C-selenlnylation of the phenol. Thi8 1ntarmsd:ate 2B can thtn undergo a sclrno-Purmtrtr - 

rcarrangsment to the ortho-qurnonc, or (In its krtonlc form) a algmatroplc rearrangerrtnt to tht 

m-hydroxylated derivatives 32. - ml8 minor pathway could therefore rxplaln the for-matron of tht 

m-qulnonc. 

Under l lcctrophllic reaction conditions (CH2U2. acid 1) I formation of tht 

arylphanyletlrnox!des 20 and 29 la now favourrd, - - The orthu or E orlcntstlon is mostly guided by 

strrlc hindrance of the various substltutnts of the phenol. hgaln. these lntermedlatts can undtrgo 

arthtr of the two reductive fragmentation pathways : tht elgmatropic rearrangement (29-r) or g+ - 

32) or thr scleno-Pummtrcr rcarrangsntnt (28431 and 29-w~). - - - - 

(Ph SeO)zO + PhSaO’ + PhSaQtH 

R 

Scheme 3 - Oxidation of 2.6-Disubstituted Phtnols. 



Chidmng propert= of txnznu&nwuc rnhydnde and acid 

In the cast of 2,6-dieubstrtuttd phanols, a radical pathway take* place as 0 minor 

(2,6-dlmtthylphrnol) or unique (2,6-dl-tcrt-butylphenol) route, 

diphcnoquinonss. Although an a 1 cc tron transfer be tretn 1 

ltadlng to the corrtqxmdlng 

nnd the phcno 1 occurs ulth 

2,4,6-trl-ttrt-butylphsnol Zl, - a phenolate radical mtchanism for the gentral cast could not 

explain the rtltctlvrt~ss of tht oxidation rtactions and the difference between thr reagents 1 and 

2 (Scheme 3). 

In all the work on tht oxldlzlng properties of brnrtnratleninic anhydride that we carried out 

be fort' ” we always interpreted the reagent aa mildly clcctrophllic in the wtnab (PhSc=OO)* 

(PhSsO2)-. There is no rsason to change thls analysis of tht data. Benrsnesrltninlc acid might. 

however, be dlfftrent. Thus (Schrmt 1). polarieation In the atnst 8houn. with rater aa a ltavfng 

wow I could explain why the hindtred 4-posit:on ln 5 la attacked 80 taaily. Indtrd, the analogut 

of 29 derived frw i uould be a very hindrrcd compound. The dirtct formation of a dtrlvativt of - 

type 32 (Scheme 21 would atem mre likely, In that cast the easy oxidation of phenol i would be 

l xplalncd for the 2-posltlon by the mechanism 27+30 (Scheme 21, - - involving 0 firet rtactlon ulth 

the unhindtrtd phtnollc hydroxyl and, for thr 4-posltlon. by the attack on the unhindered oxygen 

of the benrencsslentnlc ecld (Schrme 41. 
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Ph o- H 

/ 
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Scheme 4 

0e thie as It may, the reaults now recorded show that for phenol oxldstlon the two reagents 

behave differently. The preferential ortho-oxldation by btnttnestltn~nic anhydrlde 18 confirmed 

and thus the original conception of a slgmatroplc rearrangement is strengthened. The different 

bthnviour 
3 

concept . 

of btnzenaaalenlnrc acid, however it 18 interpreted, also relnforccs thr original 

ACKNOULEDGEWENTS : we thank Dr. C, Ofannottl very ouch for his help rlth the c.a.r. txperimrnte. 



W.p.6. were determined rlth a Kofltr hot stage appuatua and are uncorrtcted. tl.W.R. 

spectra wre determined for solution8 in dtuttr=hloroform with T1Is ae internal l tandud on a 

Vulan B-W. 360 appuatus. IA spectra wre recordtd on a Ptrkin-Elmer 297 spectrometer. U,V, 

spectra utrt recorded on a Ptrkln-Elmer Lnabds 5 UV-Vie Sptctrophotomttr, M888 apcctra wrt 

recorded with an AEI IS-9 rnatrument. K.8.r. spectra were recorded on Bruker M-420 and ER-1CKlD 

apparatuus equipped with Bruker EA-QGOX-RL or 1%4012 cavititm. Doaerated solutions of the samples 

wre maintained under argon in a quartz tuba. All solvents and reagents wre purlfled and dried by 

standud ttchnl ques. Column chrowtography under light presoure vaa performed using krck 

Kieeelpel 60 (230-400 mesh). 

Genrral Proctdura for the Oxidation of Phenola with Bcnzeneseleninlc hnhydridt 1 and - - 

Bensenass~enlnlc Acid _2. A solution of the phenol (3 RN) in 5 ml of the appropriate anhydrous 

solvent wan added droprlaa over 15 minutes to l mixture of 1 (0.795 p, 2.2 31) or 1 (0.632 g, 4.4 

mM) in the anhydrous solvent (10 ml) under an atmosphtrt of rrgon. The mlxturt uaa stlrrtd at the 

indicated temperature. me reaction uaa monitored by t,l,c. and stopped when no tvolutlon vab 

noticed or when the substrate had dinappeared. tthrr or methyltne dlchlorldt (60 ml) was added and 

the organic phase ~a8 uaehed with saturated aqueous NaHC03 solution followed by water. The organic 

phase wan dried (Ha2S041, the solvent dintilled off and the residue purifrtd by column 

chromatography . 

Oxrdation of 3,sDi-x- butylphenol 5. The oxidation rtsctlons were performed on _4 (0.62 g) ad 

column chromatography (eluant : hexane-rntthylene dichloride l:l, followed by Mthyltnt dichloride) 

afforded diphtnyldlseltn~dr 2, 2,6-dl-tert-butyl-1.4-btnzoqurnone !, r,p. 54-67*C, lit. ’ 65-66% 

and 3.5-di-ttrt-butyl-1,2-benzoquinont 3, n.p. Ill-llb*C, lrt. lo 114.C. I - with bmrmoeeluninzk 

anhydride 2 : a) 1 and 4 In ‘MF gavt, after 3 hrs at 5O*C, _3 (0.526 g. 84%). 2 (0.155 g, 20%). and 

_S (0.469 g, 71%). b) 1 and 2 in mathylene dichloride gave. after 20 hrs at room temperature, _3 

(0.464 g. 74%). 5 (0.199 g, 30%). and _5 (0,299 g, 45%). C) 1 and 4 in THF in the presence of _ _ 

molecular sieve8 (4A, 1 g) gave, after 20 hrs at room temperature, 3 (0.505 g. 81%). _a (0.053 g. 

8%). and ,5 (0.485 g. 73%). d) 1 and 4 In benzene gave, after 4 hrs under reflux with aztotropic 

dlstillotlon, 3 (0.587 g, 94%). _S (0.087 g, 13%), and 3 (0,540 g. 82%). e) 1 and 4 in pyridlnt 

gevt 1 after 20 hm at r- temperature, 3 (0.174 g, 28x1, 6 (0.071 g, 10%). and 5 (0.153 g, 23%). 

f) 1 and $ in mtthylene dichloride in the prtsrnce of phosphorus pentoxidt (5 g, 35 m)o gave, 

after 3 days st roan temperature, 3 (0.526 a. 86%). g (0.490 g, 74x1, and _S 10.120 g, 18%). g) 1 

and 4 in acetic anhydride gave, after 1 hr at rocsn temperature, _3 (0.428 g, 68%) and 5 (0.475 g, 

72%). II - pith bonamosetonidc mid 2 : a) 2 and 4 in MF gave, after 20 bra at room 

temperature, _3 IO.126 g. 19%) and ,B (O.Oa g. 1zX). b) 2 and 4 in MF In the prtscnct of rater (1 

ml 1 gavt, after A8 hr8 8t rm ttqW%tUrt, 2 (Cl.389 g, 62%). ,S 10.266 g, 40%), and 5 (0.09 g, 

14%). c) ,2 and f rn mtthylene dlchloridt gave, aftar 2 hr8 at room temperature. _3 (0.52 g, 83%). 6 

(0.51 g, 77%). and _5 (0.04 g. 633. d) _2 and 5 in mtthyltnc dichloride In the prsatnct of 

camphorsulphonlc acid (0.35 g, 1.5 mM) gave, after 3 days at rm temperature, 2 (0.534 g. 65%). 5 

(0.457 g, 69%). and ,5 (0.0% g, 9%). 0) _2 and i in rcttic anhydrida gave, after I hr at rcK>m 

temperature, 3 (0,415 g, 66X), 5 (traces) and 5 (O.A65 g, 70%)~ 
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Oxidatiw of Phenol8 _a, ,9, lJ, 15, 17 and 20. - --- - 1) 2,4-Di-tertbutylphenol S. Reaction of a (0.62 

g) with 2 in -ethylene dichloride gave, after 5 hrs at room tmpermturs, _3 (0,579 g, 93%) and S 

(0.278 g, 42%). 

II) 2,6-Dimethl,lphanol ,S, Reaction of _S (0.366 g) with ,2 in ethylene dichloride gave, rftsr 1 hr 

at reflux and chroutography (tluant : methylme dlchloridc-hcxans gradlantl, 2 (0.441 g, 70%) and 

2,~di~thyl-l,l-~nz~~n~e E (0.1U g. 40x1, r,p. 68-71.C (EtOH). 1lt.l’ 72-73.C. 

iii) l-haphthol 11. Reaction of 11 (0.442 g) urth 2 In q cthylrne dichloride gave. after 18 hrs at - - 

rcxxn temperature and chromatography (eluant : hsxans-a ther 4:1), 3 (0.399 g, 64%). 

1.4-naphthoquinone 13 (0.172 g, 36%). m.p, 120_122*C, llt. l2 125*C, - and 1,2-nnphthoquinonc 12 - 
(0.03 g, 6%). r.p. 14!&146*C, lit.13 146-147*C, 

lvl 2,6-Di-tert-butylphenol 15. a) Reaction of 1s IO.62 g) and 1 in TIFF gave, after 1 hr at XIV - - 
and chrwtography (cluant : hexane-ether 9:1), _3 (0.45 g, 72x1, 16 (0.468 g. 76x1, m.p. - 

246-247OC, lit.” 246*C, and 5 (0.072 g, 11%). b) Rsactlon of 15 ulth 2 In -thylone dichloride - 

gave. after 20 hrs at room temperaturs, 2 (0.44 g, 71%). 16 (0.474 g, 77%). and 6 (0.072 g, 11%). - 

v) Thymol 17. after 24 hrs at 6O.C and - a) Reaction of 17 (0.4s g) and r rn lMF gave, - 

chromatography (eluant : hcxane-ether gradient). 2 (0.570 p, 93%). thymoqulnona E (0.135 g, 2fx). 
15 m.p. 4&45V, lit. 44-45’C) and 3-methyl-6-!2-propyl I-r,2-benroqulnons 19 (0.296 g, 58x1, n.p, - 

S8-61°C. lit? 6O-61.C. b) Rcactlon of g with _2 In mthylene dichloride gave, after 2 hrs at 

rm temperature, ,3 (0.495 g, 79%). I_e (0.371 g, 7S%I, and 2 (0.094 g. 19%). 

vl) Carvscrol 20. a) Reaction of 20 (0.45 gl and 1 In THF gave. - - after 24 hrs at 60°C, 2 (0.551 g. 

88%). 18 (0.124 g, 25x1, and E 10.295 g, 60%). - b) Reaction of 20 rlth 2 in methylene drchlorrde 

gave, after 2 hrs at room temperature, 2 (0.529 g. 85%). 18 (0.405 g, 82x1, and 2 (0,035 g, 7%). - 

Oxidation of 4-tert-butylphanol in the prescncs of 1,3,~trimethoxybenzene 23. a) The reaction of - 

btcrt-butylphenol (0.45 g), 1 (1.08 g), and 13 (0.084 g) in THF (1511) gave, after 24 hre at room 

temperature and chromatography (eluant : hsxana-e ther gradient I, 1.3-d~phenylseleno- 

2,4,&trirc?thoxybenzene 25 (0.190 g, 79%) =.p. 126-128.C (CH2C12-EtOH), vmx (CttC13) 1565.1340, - 

and 1lOOcr -1 ; 6 CC6D6) 6.6G6.10 (10H,rn,C6H5ScI, 5.2 (lH,e,ArHI, 3.0 (3H,a,CH30), and 2.5 

(6H.s,CH30) ; 
C, 52.53 ; H. 4:: 

IEtOH) 257 (22603) and 224 (327oO)nm ; m/z 479 (M*,loOI end 242 (451 (Found : 

; 0, 10.21. C21H2D03Se2 require8 C,S2.73 ; H, 4.21 ; 0, 10.03%). b) Uhen the 

above reactlon uab performed with g (0.5OS g). 24 uaa lsolsted (0.785 g. Box), m.p. lOS-107.C - 

(CH2C12, EtCHI ; v 
-8X 

KHC13) 1565 and llCOcm-l ; b lC6D6) 6.8-6.1 ~W,rn,C6HSSO). 5.3 (2H,s,ArH~, 

2.5 Wl,s,cH30), and 2.4 (W,s,CH30) ; m/z 307 (WI-CH3.301, 242(65,1, 91(75), and 77(1001. (Found : 

C, 55.67 ; H, 5.05 ; 0. 15+03, ClSHL603Se requires C, 55.73 ; H, 4.99 ; 0, 14.85%). 

Oxidation of Indoline in the Presence of 23. The reaction of rndolins (0.225 ml) ulth 1 (0.36 g) - 

and 23 (0.675 g) tn MF (5ml) gave. after 2 hrs at rm temperature and chroamtography 

Ihexane-CH2C12 3~2 followed by CH2C12), 3 (0.620 g, 92%) and 3-phenyleelenoindole (0,48 g. 88%), 

m*p. 140_142*c, lit. 
8 

143oc. 

Oxidatlm of I-Raphtol 11 in the Prsaenca of Xndolc. A mixture of 11 IO.144 g), 1 (0.240 g) and - - 
lndole (0.118 g) in benzene (10 ml) was etirred under rcflux for 1 hr under an atmosphere of 

argon. Ortho-phenyltnr diamlne (0.109 g) was added and the mixture stirred under rsflux for 2 hrs. 

Fractional crystall Iration afforded 1,2-benrophenatlne (0.149 g, 64%) m,p, 

lit/’ 

142-144.C (C6H61, 

142.C and 3 (0.2270, 81%). 
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