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Abetract - The reactivltv of Bi” reawntr towards very Wndered phenola 
with tert.-butvl R~UD~ at 2 and 6 under basic condHiana has been 
studied. Une&&d phenylatlon at the I-position and, in several cares. 
repIacement of a fert.-butyl mp by phenyl lihve heen obsewed. The 
mechanism of thene unexpected reaotions haa Wn diocuesed. 

Numerous etudfts have been devoted to the oxidative couplinff of phen&. “s’ A.wih 

range al oxldantr har been wed, and amonp them, metal& orlder and saltr play a proeminent. 

role, 
3 In the case of ate&ally hindered phenols, particuIarly the 2,8-d-tcrt. -butyIphenoI , 

derlvatives, the ooupling’ atep involves an aryloxyl radicnL4 Sodium bismuthate behaves no a 

one-eiectmh oxidant toward8 phenole to give various types of oouplin# pmducte,’ In the cam 

of omobismuth reagent., the flret example of phenol& nxidative coup&g use obrerved in 

the reaction of 4,6-dlmethylphenol 1 with triphenylbismuth carbonate 1. Wlnth other bismuth 

reagenta, phenglation occurred. ’ Ortho C-phenylation to the cyclohexadienone 2 is reaMred 

wltb pentaphenylbismuth 2 or with tetraphenplbismuth eaters i or 2 under MC condltlone.? 

The 0-pbenyl ether is obtained with i under neutral conditions6 or with trlphenylbiemuth 

diacylates B under copper catalyeis.’ During our tnveatigatlons on the regloselectivity of the 

phenylation of phenols by pentavalent orpano-bismuth realtents, we discovered that 

?,6-di-tert.-butylphenol S ie oxidized to the diphenoquinone E by Ph2BiC02 In the prerence 

of N-teert, -but+N’, N’, N’, N’-tetramethylguenidtne (RTMO). No reaction occurred In abeence 

of RTMG. Similarly, reaction of 8 with Ph2BiCl2 2 end BTMG led also to the dlphenoauinone 

12. - Reaction of %,4,6-triaubetltuted phenols afforded varloue products. Medtol S yielded the 

0- or C-phenylatfon product8 under the same conditions ae for itn conmner 1. However, 

treatment of S with Ph2BiC1, and BTF!G yielded the ortho C-phenyl pmduct fi ln benzene in 

poor yield, end the (a-methoxylated derivative 5 fn good yield in methanol. 

%.6-M-tert. -butyI-4-methylphenol 10 Pave aleo the la-mothoxylated derlvatlve g and the - 
cyclohexadlenone 17 in the presence of acrylonitdlel”. Various pathways are involved In these 

reactions. C-phenyletion and come 0-phenylation reactions were explained by the formation of 

t Department of Chernirtry, Texan AIM Universitp. College Station. Texae 77842. U.S.A. 
Laboratoire de Chimie OrKanique B, Pacult de6 Sdences 8t. JCr&ne, 12397 Marseille 
Ceder 13, Prance. 
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Phenblie’Compounde : 
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f-C4Hn 

Cl?+5 
t-C,Hg 

t-C,H3 

Sqbitituted 2.5-Cpclohexadienonea 

NO R1 R2 

AT CH3 
C6H5-CHKN)-CH2 

19 R* t R2 = 0 
- 
26 - CH3 CR”5 

31 - CH3 
NC-(CH1)2- 

In view of the baportance of the aryaOxy1 radicals pathway in other oxtdative ayatema. we 

first attempted to trap the aryloxy radical, which might play the mrjor role in the reactions of 

2,6-di-tert.-butylphenol s. Oxymn is an efficient trap for aryloxyl radicala, leading to stable 

pemxldea. ’ However, in the reaction of i with Fh3BIC12 and BTMG. oxygen cannot be used 

aa it oxidizes the Na anion of s to the diphenoquinone 12 by a radical mechanism. 
16 

Nitroxidea alao trap aryloxyl radicals to yield the p-quinone, whereas phenols are not affected 

by hfphly hindered rdtroxldea such aa 2,2,6, d-tetramethylpiperidin-4-on-l-yloxy . ” No reac- 

tion waa detected between 2,2.6.6-tetramethpl I-piperidinyloxy fi (TEMPO) and phenol s, aa 
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atter 48 hrs 87% ot 5 wa8 recovered. When the reaction of phenol 2 with Ph3BIC1, end BTMG 

we8 pertormed in the presence ot TEMPO (2 equlv.), a new product was *Iso Tomned, the 

p-quinone 2, resulting tnnn the trapping ot the eryloxyl radical by TEMPO. The ratio a:2 
appeared dependent upon the amount8 of bismuth reagent and base (Table 1). In absence of 

2. the oxidation product 2 we8 nevertheleee formed in high yield (85%). Therefore, although 

inert toward6 phenols. TgMPG oxidized phenol 2 under baeic conditions. 

Table 1. Effect of TBMPO 2 on the Oxidative Coupling of Phenol s 

with ~h3BiC12 2 and BTMG,’ 

BTMt3 z 
(W.) (eq.) 

la 
(eq,f 

22 IS 

(0 Z 

2 

1 

-2. 
3 

2 

2 

2 

0 

37 0 

traces 76 

7 64 

17 36 

14 21 

12 51 

5 51 

1 85 

a Ail reactfons performed In THP at room temperature for 17 hrs. 

Nb. ot equivalents relative to t. 

When 1.1”diphenyletliplene ~8s used an a r8dical trap, the yield Of E dropped 

eignincent1y : only 6% wee obtained. However, ~,l-~phen~l~h~lene (DPB) i8 ii p&or trap for 

sryloxyl radIoal . Indeed, in the Rharaah (alkali-oxygen) I6 oxidation ot 2, addition of DPE 

did not inhibit the reection much : 2 wa8 obtained in 83% yield, tnatead of RR%. 

R R 

I 

B 
I 1 

R R 
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The reaultr (T&lo 1) suggest that TBbfPO and bismuth raagent 2 am in coepetltbn Ear 

pIlen@ .& One explan&on would be that TBHPO. under budc candlthn~, fixma end* tP8pe 

phenolate ra#cals to give q&one lJ, whereas 2 produces coupling fma~ an !ntermediate g 

(see beAou. &hems 2). 

In mt with the latter, the uw of pyrldine insbad o? the m ogurfc base 

BTMQ produced no oxidation at all. This is in keeping with the formation of an idturmedlate 

like 2 (Scheme 2) giving the hydroquinone g easily oxidbd to the quindne 12 fn the medium 
.A 

ori 

B l- 
0 

used for the coup&ng”” (Scheme 2). 

A 
c 

BfPh2 

Ph 

zr, 

A:2andKR:~R:~mdBTMO;Creff~taforgfferrtrer?ss; 

D : 5 and BTMQ or KH. 

Scheme 2. Pathways involved in the Reactions of Phenol g. 

A logicil laference fme~ the abors ia that the use of a tetraphy%iamuth resgemt wonlct 

give a .diffevent Antermediate g which I by .wdu@tlve elimine- we&d affard the 4-phenyl 

derivative $$ Indeed use of reqent k @ave only tracer of the diphenoqubmno I, and 
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I-phanyl derivative .22 wab faolated US%) fnotead. This Is the firxt example of the 

4-pkenylatioa~ of a piinol. Dll&ent l aarchlo hae given no Indicatfon of I-phenylatjon tn 

phenofa where the phenolia hflroxyl Is lese hindered and can form a Bi-0 inter&liate. 

The I-methyl analogize g of phenol s wae studied next. Oxfdathm with reagwnt s and 

BTMG in the presence of methanol afforded the methoxymethylene derlvatlve g in reaucnabls 

yieId (45%). This reaction is anaIo$~ous to the SfmiIar reaction with me&o1 and involves 

formatfon of a methplanequinone. 

In a similar way, when tetraphenylbismuth wa#ent 5 waa used, the I-phenylcjrclohexa- 

dienone g was isoIated (22%). together with an&her unexpected product phenol E, in wh&h 

one of the tWt.-butyl of 0 had been replaced by phenyl. 

The formatfon .of the methoxymethylene derivative g and of the I-phenyl derivative 25 

are compatible u&h a I-substituted B&C intermediate analogoue to g (Scheme 2). This could 

eliminate to give the postulated methylenequinone or reductively eliminate to 2. However, the 

replacement of tert.-butyl by phenyl to Sire 2 would require the formation o? an intermediate 

dfenone anaIogoue to 1( wlth 1088 of the tert.-butyl group ae a tert. -butyl radical or aa 

ieobutylene. All thfs would suggest the formation of the customary RI-0 intermadfate. which 

we had regarded (see above) as questionable. 

In order to make the formation of a Bi-0 bond more probable, we decided to make the 

phenolate anion unambiguously before adding the bismuth reagent. Thus phenol i in 

anhydrous THP was treated with potassium hydride (evolution of hyddm#enI and then with 

reagent 2. The reaction WM faster and after 1 hour only 15% of starting material 8 waR 

unconsumed. The I-phenyl derivative z was obtained in better yield (97%) a8 well a8 z 

(15%). No dfphenoquinone g was detected. These results are not incompatible, therefore, 

with Scheme 2 (2 -> 23 and s -> JtJ -> 21). 

In a similar fashion, the 4-methylpheno1 J(J afforded the 4-phenylcyclohexatienone 25 

(17%) and the 2-phenylphenol 2 (12%) after 1 hour. The y&da were not improved by using 

the tetraphenylbismuth compound 5. Reaction of 5 and g with 2 and KH .Save E (21%) and g 

(12%). 25 (14%) respectively. 

Eventually, 2,4,6-tri-hrt.-butylphenol 27 wan treated with 2 and KH. After I. hour a 

non resolved mixture of mono-C-phenylated di-tert.-butylated phenols E an3 29 WM isolated 

(22%) in a NMR ratio of 28:29 = 1.5, as well aa unreacted phenol (46%). -- 
A comparison OS these phenylation reactions shows that overall yields of OFfho- and 

pupa-phenylated products ranging between 22% and 37% in one hour are obtained. The &atfVe 

p-phenylatfon ratea are : S (4-H) : 1: E (I-CH2) : 0.5: E (I-t-C4H2) : 0.24. Ali the 

results for very hindered phenols are summarleed in Table 2. 

Mercury-biemuth exchange’* was attempted as an alternative approach to intermediate8 2 

and 2”. However treatment of the I-chloromercurfo derivative 
19 0 with 2 in THP under reflux 

for 15 hre failed to give any coupled products. Reaction of this mercury derivative with 

t~phenylbfamuth afforded. only the reduced phenol s (82%) together with ~phenylme~u~ 

(63%). 
This work on the arylation reactions of very hindered phenols has turned up two 

reactions which are unexpected in relation to the considerable body of work already 

accomplished. ‘-” In particular. we have proven that almoet all the prfar result8 are 

incompatible with radical chemistry. l2 Thus, the abnormal 2- and I-phenylation reactions Can 

be accommodated into prior ideas by aupposfng the formation of Bi-0 and Ri-C intermediates 

raspectively. Howwer. we hwe aluo considered the hypotheetd thrt extreme afteric hfndrance 

has finally produce& a new mechanism in which electron transfer between I3,‘T.M.O. -(or other 

base) and a BfV reagent I leada to the latter fragmentirrit to aryl, in thie context PbenyI, 

radical8 . Such a mechanism has already been detected and shown not to play a role with 

normal substrates. 12 
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Teble 2. Oxide and Phenylation of Bterfcally Rthdered Phenols with 3iV Rugants. 

Phenol Bi Reagent Reaction Conditions Products ($1 

1 i (1.5) 

1 ?& (1.5) 

1 1 t1.5) 

7 x (1.5) 

s 2 (2) 

!I 5 (1.2) 

8 a (2.2) 

s 5 (1.1) 

lo 2 (1.2, 

J!! ‘2 (1.2) 

11! !j (1.2) 

27 2 (1.2) 

THP, 15 h 

THP, BTMG 42). 3 h 

CR2C12, 4.5 h 

CH2C12, PhNO (2). 4.5 h 

THP, BTMO (5>,‘17 h 

THP, BTWQ (1.7), 15 h 

THP. KH (1.5). 1 h 

THP, KR t3). 1 h 

THP. BTMQ (1.2), 15 h 

THP, KH (2). 1 h 

THP, KH (3), 1 h 

THP. KH (2). Ih 

r (SO) 

1 (SS) 

11 OS), ?: (64) 

1 (60). 1 (3s) 

12 (37) 

1p (traces), 2s (33) 

8 (151, z (151, 2 (391 

23 01) 

g (20,. _?I! (22) 

z (4So), s (12), j?tj 09) 

g (121, E (14) 

2 (461, 28+2S (22) A- 

All reactions performed at room temperature. 

We have, therefore, examined the effect of l,l-diphenylethykme (DPR). a good trap for 

phenyl redkale, on the reaction6 concerned (Table S). This olafin had Httle effect on the 

formation of the methoxTmethy1 derivative 2 from phenol lo. This is in keeping with earlier 

discussion (see above). In the other examples in Table 2, the radical trap DPB had Rttle 

effect on yields of producta formed. The exception was the reaction of phenol 2 to give the 

coupled product 12. This reaction needs further etudy. 

Table S. Effect of the Addttlon of l,l-Diphenylethylene (DPB) on Vsrioua 

Oxidation Reactions. 

Pbenol ; (eq.) DPE Reection Coaditionr Pmducts 

2 

2 

0 

0 

1 

1. 

1 

1 

0 THP, BTMQ (5). 17 h AZ (37) 

2 THF, BTMG (51, 17 h &! (8) 

0 t-BuOH, NnOR, 02, 15 h 12 (28) 

5 t-BuOH. NaOH, 02, 15 h 12 (83) 

0 h¶eOHg -BTMG (2). 1S h ts (65) 

2 MeOH, BTMQ (2). 16 h A!? (69) 

0 MeOH-CHtC12t BTYG (4). 3 days E (45) 
2 MeOH-CH2C12, BTMG (4). S days E (46) 

AU reactions performed at xeom temperature. 

Ae.noted when l crylonftrifs wee added to .ti rertktn of phmtal0 with bismuth 

reaKent 2 in benzene in the presenoa of s BTYG. the add&Ion-phenyIet%nt product 17 was 

obtained. We now report that when the reagent z is omitted, a normal Micheal reaction takes 

place to give J1. We conclude that E ‘WU fbrmed by a dudler nnotiaaiolbrsdby 
C-phenpl*tiao rt a B&-C bonded bntumadiate. Radlcrb am not invoived. 
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The reaction of meaitol S with reagent 4 in the presence of BTMG in methanol produced 

immediately a deep red colouration, characteristic of the formation of a covalent Bi-0 

compound. 12D21 Thir wan in contrast to phenols i and 2 which do not give a similar odoum- 

tion . Base-catalyzed reductive elimination afforded, through the elusive q ethplene-quinone , 

the adduct g (65% without DPE and 67% in the presence of DPB). 

The preeence of aryloxyl species was detected by e.8.r. rtudy of these reaction& A 

signal was already detected in a solution of 2,6-di-tert. -butyl I-methylphenol. Its intensity 

was increased upon additiqn of BTMQ, but no significant modification occurred after addition 

of Ph3BiC12. The signal warn a quadruplet of triplets, g = 2.0057*0.0004, aCR = 11.29~0.050 

= 1.67*0.050, characteristic of the aryloxyl radical.‘l 
3 

and “Hm Spin density mtudies were not 

possible bei?auw of the ooupling reactions to quino-ethem or the dismutation reaction.’ The 

e.8.r. spectrum of a solution of 2,4,6-tri-tert.-butylphenol 27, BTMQ and ” ehowed the 

presence of the corresponding aryloxyl radical, p = 2.0043~0.0004 and aRm = l.82*0.05G30. 

As this radicrl in stable and gives colored solutions (Imsx 625 nm. E 410). the concentration 

was easily measured by DV-v4s spectroscopy. An equi~olar solution of 27, BTMG and 2 

contained 1.8% of aryloxyl radical after 2 hrs. When oxygen waa bubbled through the 

solution, the phenol was completely consumed in 5 hrs. In blank experiments, 27 remained - 
unaffected by Ph3BiC12 alone or by BTMQ alone. 

Oxidation of 2.6-dimethylphenol 1 by Ph3BiC03 was also monitnred by e.B.r. A poorly 

resolved signal which can be attributed to the aryloxyl radical was observed : I?,, = 

2.0043*0.004, aH4 = 10.92*0.65Q. aCH3(2 6j = 5.83*0.050 and aRc3 5) - 1.09*0.05 Q. Further 
. . 

chemical experiments, however, excluded the radical pathway in this came. The oxidative 

coupling of 1 with 1 gave the diphenoqtdnone 11 in 30-35%. Addition of’ RTMG inhibited the 

reaction : from the mixture, fi was not present and z was recovered in 39% yield. 

Bventually , the yield of 11 increared in the presence of nitrosobenrene (60% yield). 

Therefore, the ionic mechanismlO with formation of a covalent Bi-0 Intermediate is more 

conairtent with these observations. 

The observation of small concentrations of aryloxyl radicaln does not, of course. 12 mean 

that they necessarily play a role in the reactions leading to isolated products. 

The conclusion to be drawn from this work ie that the mechanirms of the type already 

used in the chemistry of Biv can be extended to explain the present results. However, the 

poscdbility of phenylation by phenyl radicals and eventual displacement of a tert.-butyl. group 

for very hindered phenols needs to be studied further. 

Bxperimental 

h4.p.s wem determined with a Rofler hot-stage apparatus and are uncorrected. 1.r. 

spectra were reoorded on a Perkin-Klmer 257 instmment. N.m.r. spectra were determined for 

solutions in deuteriochloroform with SiMe4 aa internal standard on Varian T-60 and Varian 

EM-360 inatmmente. Mass opectra were recorded with an AI31 MS-9 or MS-SO apparatus. 

B.&r. spectra were recorded on Bmker RR-420 and RR-100D apparatus equipped with Bruker 

BR-400X-RL or TR-4102 cavities. Deaerated solutions of the eemples were maintained under 

argon in a quartz tube. All solvents and reagents were purified and dried by standard 

techniques. Chromatographic separations were performed using Merck Kieselgel 60 OF-254 

(preparative t.1.c.) .and Merck Kieaelgel 6027 (column chrommtography). BTMQ refers to 

N-tert.-butyl-W, N’,n8,N.-tetm~thyl~anide, and ether to ctlethyl ether. 

Oxidation of 2.6~Dt-tert.-butylphenol 9.b~ 1 and BTMG. 

A solution of 2.6~di-test.-butylphenol J! (0.103 g) and BTMG (0.5 617) in anhydrous THF 

(S ml) wa8 stirred for 10 mine at room temperature under an atmonphem of argon. 2 (0.511 g) 
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was added and the mixture &rred for 17 hrs. After addition of IM aqueou8 RCI (a few 

drops) and extractton wfth ether, the organic phue wae warhed with ka$er, dried (MgS04) 

and distilled under reduced pressure. Reparative t.1.c. o? the r&due (&runt: hexane) gave 

2,6.2’,8’-tetm-tert.-butyldiphenoquinone 12 (0.037 g, ST%), m.p. 24VC (hexane). lit.24 

245-247°C. 

Cixldation of 2,6-M-tert.-butylphend S by 2 and BTMG in the Pmwnce of 2,.2,0,6-Tetmmsthyl-l- 

piparfdinyioxy E <TEMPO). 

A reaction a8 above performed in the premnca of TEMPO (0.39 g) yielded 12 (0.007 g. 7%) 

and 2,6-df-tert.-butyl-1,4-bentoquinone 2 (O.OPO gt 64%). m.p, 64-6?*C (ethnnot), lit.25 

M-86OC. 

Oxidation of i by BTMQ and 2. 

When the previous experfment was performed in absence of 2, 12 (0.001 g. 1%) and 2 (0.094 

g, 85%) were obtained. 

Reaction of 8 and 18. _-- 
A mixture of i (0.103 g) and J$ (0.18 g) in anhydroua THP (S ml), otirmd for 48 hra at 

room temperature under an atmosphere of argon, yielded after usual work-up g (0.91 g. 89%). 

Oxidation of s & _S and BTMQ in the Presence of ~,l-~pheny~ethylene. 

A mixture of 5 (0.103 g), BTMG (0.6 ml), 1.1~diphonylethylene (0.18 ml) and z (0.511 g) fn 

snhydrone THP (3 ml) wns stirred ittr 17 hre at roan temperature under an atmosphere of argon. 

The usual work-up and column chromatography feluant: hexane, followed by hexane-ether 96:5) 

aiiorded fa (0,006 g, 6%) and l,l-~phenylethylene (0.112 of. 65%). 

Oxtdati&n of 8 by 0, and NaOH ixt the Presence of l,l-Diphenylethylene. 

0xygen was bubbled through a stirred mixture of 8 (0.188 g), NaCNi (0.2 g) and l,l-dfphenyX- 

ethylene (0.8 ml) tn 2-methyl-2-propanol (5 ml) and water .(0.5 ml) for 16 hrs at room tempem- 

ture. After additfon of water, t&e diphenoquinone 12 wae dltered and dried (8.154 g, 85%). 

A similar reaction performed in abwnce of l,l-diphenylethylene afforded 12 (0.182 g, BS%). 

Oxidation of Mphenohydroquiaone 2 be 2 and BTMQ. 

A 8olution of 3,S1,5.V-tetra-tert.-butyldtphenohydmquinone 81 [obtatned by mductian o! 

11 with H2 and PtO2 (10%) of a methanol-methylene dichloride nolution, m.p, 179-184°C, lit. 16 

18VW3, BTMQ (0.2 ml) and 2 (0.256 g) in anhpdroua THP (5 ml) wan stirred far 48 hrs at 

mom temperature under an atmosphere of argon. The usual work-up and preparative t&c. 

afforded 12 (0.073 g,Tl%). 

Reactfon of Phenol 8 with 5 and BThlQ. _-_ 
A mixtum of E (0.103 g), BTMQ (0.12 ml) and tetmphenylb~muth E-toluenesulphonate 1 

(0.412 g) in anhydrous TAP (5 ml) wae stirred for 15 hm at room temperature under argon. 

The usual work-up and prepamtive t.1.c. (aluant: hexane) fielded 2.6-d&tert. -butyl-l- 

phenylphenol 23 (0.047 g, 33%). m.p. 102-10S°C (pentane), Ht.*6 100-101~c. 

Reaction of Phenol 8 with 2 and Potudum Hydride. _-_ 
A .&turn of a (6.103 g) and potasabam hydride (SO0 mg, 20% suspenrdon in oil) in a&y- 

drove TAP (5 ml) was stirred for 1 hr at 5*C under an atmonphem of argon. Mer ad&t&m 

of 2 (0.562 g), the mixture was etirred fbr 1 hr at room temperature. A oonceaGmted aqueour 

HCI solution (I ml) wan added and the stirrSng was maintained for 1 hr. The organic ph8ae 
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Reacthm of 2,4,6-Trlaethy~henol 9 With 2 and BTMO in Methanol. 

A mixture of 2 (0.186 g). BTMO (0.4 ml> end i (0.511 ‘81 in methanoi f5 ml) use stirred 

for IS bra at mom temperature under an atmosphere of argon_. llork-up and pmpuetfve t.1.c. 

afforded 2,6dlmethyl-4-methorymethylphenol g (0.106 g. (I&). q .p. 6&54*C (pent-), Ht.26 

54-55% * 

Reaction of Phenol 9 with 2, BTMCl in Methanol in the Presence of l,l-~phenylethylene. --- 
A reactton as above performed in the presence of 1, I-diphenplethylene (0.36 ml) gave 2 

(0.112 g, 67%). 

Reaction of 2,4,6-Tri-tert. -but?lphenol 21 with 2 and Potaedum Rydride. --- 
A mixture of E (0.131 g) and potaedum hydride (200 mg, 20% suependon in oil) in 

nnhydrous THP (5 ml) ua8 stirred for 1 hr at S°C under an atmoaPhers of argon. After 

addition of 2 (0.306 g) the reaction wan stirred for 1 hi at m temper&u-e. The usual 

work-up and preparative t.1.c. afforded 27 (0.060 g, 46%) and an unresolved mixture of - 
ortho- and porv-phenyl-di-tert.-butylphenol s and 2 (0.031 g, 22%). m.p. 60-10l°C 

(pentane), lit. 28 26: 57-58°C, 2 29: 101-102~c , vmax (CHCI3) 3650, 3550, 2900. 1600, 1420. 

and 1S60 cm -l: 6 (CDCl3) 7.60-7.13 (711, m, AM), ;.17-5.03 (lR, e, OH); 1.51-1.33 (18H, 

36, C4Hs); m/z 282 CM+) (Pound: C. 85.19: H, 9.09; 0, 5.70. Calc. for C20H260: c. 85.01; 

H, 9.28; 0, 5.67%). 

Reaction of 2,6-Dimthplphsnol 1 mPh,B1CO2 1. 

a) A mixture of phenol 1 (0.12 g) and triphenylbimnuth carbonate 1 (0.75 g) in anhydrous 

THP (5 ml) wae rtirred overnight at room temperature. The solvent uaa distilled off and 

preparative t.1.c. of the residue (eluant: hexane) afforded the diphenoqutnone 11 (0.035 g. 

30%). m.p. 210-2129C, Ht.” 211°C. 

b) When BTMO (0.6 ml) was added to the name reaction and the ndxture stirred for 3 hrs 

at room temperature, only 1 rae remvered (0.048 g, 40%). 

c) When reaction ” was performed in CH2C12 (5 ml) for 4.6 hrs. dfphenoquinone 11 (0.039 ‘g, 

33%) and 1 (0.077 g, 64%) were obtained. 

d) When nftrosobenrsne (0.216 g) ran added to reactioa 2, 11 (0.070 g, 60%) and phenol 7 

(0.046 g. 39%) were obtained after stirring for 4.5 hrr at room temperature. 
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