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Abstract - The reactivitv of BiY reagents towards very hindered phenols
with tert.-butyvl groups at 2 and 6 under basic conditions has heen
studied, T'nexpected phenylation at the 4-position and, in several cases,
replacement of a fert,-butyl group by phenyl have heen observed. The
mechanism of these unexpected reactions has heen discussed.

1,2

Numerous studies have been devoted to the oxidative coupling of phenols. .? A wide

range of oxi&ants has been used, and among them, motallic oxides and salts plav & proeminenmt.
3

role. In the case of sterically hindered phenols, puticularlv the 2,6-di-tert.-butviphenol ,
derivatives, the coupling step involves an aryloxyl rnd!cal. "Sodium bismuthate behaves as a
one-electron oxidant towards phenols to give various types of coupling pz'oduch.5 In the case
of orgenobismuth reagents, the first example of phenolic oxidative couping was observed in
the reaction of 2,8-dimethylphenol 7 with triphenylbismuth carbonate 1. with other bismuth
reagents, phenylation occm-red.s Ortho C-phenvlation to the evclohexadienone 13 is realized
with pentaphenylbismuth 3 or with tetraphenylbismuth esters 4 or 5 under basic condmons.',’
The O-phenyl ether {s obteined with 4 under neutral cc'mdit:h'n'm8 or with triphenylbismuth
dlacylates § under copper catalysia.s During our investigations on the regioselectivity of the
phenylation of phenois by pentavalent organo-bismuth reagents, we discovered that
?,8-di-tert, ~butylphenol 8 is oxidized to the diphenoquinone 12 by PhsBi(‘.na jn the presence
of N-tert,-butyl-N',N’',N*, N*-tetramethyviguanidine (BTMG). No reaction occurred in absence
of BTMG. Similarly, reactfon of 8 with l’h381012 2 and BTMQG led also to the diphenoquinone
12. Reaction of 2,4,6-trisubstituted phenols afforded various products. Mesitol 9 vielded the
O~ or C-phenylation products under the same conditions as for it congener 7. However,
treatment of § with PhsBiCl9 and BTMG yielded the ortho C-phenyl product 14 in benzene in
poor vield, and the 4a-methoxylated derivative 15 in good yleld in methanol.
2,8-Di-tert. -butyl-4-methylphenol 10 gave also the 4a-methoxylated derivative 18 and the
cyclohexadienone 17 in the presence of acrylonitrlle . Various pathways are involved in these

reactions, C-phenyiaiion and some O-phenyiation reactions were expiained by the formation of
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covalent intermediates (some of which were isolated), followed by reductive elimination.’
O-phenylation occurs through an aromatic SN-2 like pathway or through trivalent aryl-copper
spaclesv’n (Scheme 1). No free radicals were considered to be involved in these phenyla-

tions, 12
OH
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Scheme 1. Pathways involved in Earlier Biperlments
on the O- and C-Phenylation of Phenols.

fn"the case of the oxidative coupling to diphenoquinones, three .possible pathways were
suggested : through an aryloxyl radical or through two types of covalent bismuth-substituted
intermediates, the Bi-O and the Bi-C(4) derivativea.lo In the 4-methyl series,. a methylene~
quinone can be formed and trapped by methanol to yleld the 4¢-methoxymethy! derivatives.
Although moncaryloxy derivatives of Ui, Nan. K and diaryloxy derivatives of Znu and I%’b15
are known for the bulky 2,8-di-tert,-butyl substituted phenols, a similar Bi-O intermediate
seems questionable,

Following our recently described studies on the possible occurrence of free radical
mechanisms in various phenylation reactionalz. we decided to iInvestigate the mechanistic
aspects of these oxidative coupling reactions of hindered phenols, We now report our results.

Bismuth Compounds :

Ph BICO, PhgBiCl, - PhBi
1 2 3
Ph,BiOCOCF, Ph,B{OTos PhyBi(OCOR),

4 5 s
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Rl H RS
Phenolie Compounds :
RZ
Ne r! Rr? r®
7 CH:! H CH,
8 t-C Hy R t-C,Hy
9 Cﬂs CH, CH,
10 t-C Hg CH, t-C Ry
15 Cl‘!3 CH‘.’-()-CH2 CH,
16 t-C }*l9 CH:‘]-O-CH2 t-C‘l"l9
22 f—C4H Ph4Bi l‘-C‘H9
23 t-C,H CgHg t-C Hy
24 t-C,H CHy CgHg
26 t-C‘H Ph3ClBi l-C‘H9
2 t-C Hg t-C Hg t-C Hy
28 t-C,H t-C, Hg CgH
29 I—C‘H CG".’) t-C‘H9
30 t-C,H ClHg t-C Hy
, t-CHy O t-CHy
_Subatituted 2,5-Cyclohexadienones :
r!7 g’

Ne r! R’

17 CH, . 2 C«H‘,’-CH(CN)--CH2

19 R'+R =0

25 CH, CgH,

31 CH, NC-(CH,),~

In view of the importance of the aryloxyl radicals pathway in other oxidative systems, we
first attempted to trap the aryloxy radical, which might play the major role in the reactions of
2,6-di-tert. ~butylphenol 8. Oxygen is an efficlent trap for arvloxyl radicals, leading to stable
However, in the reaction of 8 with PhsBiCl2
as it oxidizes the Na anion of 8 to the diphenoquinone 12 by a radical mechanism.

pemx!des.1 and BTMG, oxygen cannot be used

16
Nitroxides also trap aryvloxyl radicals to yleld the p-quinone, whereas phenols are not affected
by highly hindered nitroxides such as 2,2.6.o-tetramethylpiperldin-4-on-1-yloxy.” No reac-
tion was detected between 2,2,6,6-tetramethyl 1-piperidinyloxy 18 (TEMPO) and phenol 8, as
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after 48 hra 87% of 8 was recovered. When the reaction of phenol 8 with Ph:,’m(:l2 and BTMG
was performed in the presence of TEMPO (2 equiv.), a new product was also formed, the
p~quinone 18, resulting from the trapping of the aryloxyl radical by TEMPO. The ratio 12:19
appesred dependent upon the amounts of bismuth reagent and base (Table 1), In absence of
2, the oxidation product 19 was nevertheless formed in high yleld (85%). Therefore, although
inert towards phenols, TEMPO oxidized phenol 8§ under basic conditions.

Table 1. Effect of TEMPO 18 on the Oxidative Coupling of Phenol 8

with PhyBICl, 2 and BTMG."

BTMG 2 18 12 18
(eq.) (eq.) (eq.) (%) (%)
5 2 0 37 ]

5 1 5 traces 78
5 2 5 7 64
5 3 ] 17 38
3 ) 5 14 21
2 2 5 12 51
1 2 5 5 51
5 0 5 85

® All reactions performed in THF at room temperature for 17 hrs.
Nb. of equivalents relative to 8.

When 1,1-diphenyletliviene was used as a radical trap, the yield of 12 dropped
gignificantly : only 8% was obtained. However, 1,1-diphenylethylene (DPE) s a poor trap for
aryloxyl radicals. Indeed, in the Kharash (alknli--oxygren)18 oxidation of 8, addition of DPE
did not inhibit the reaction much : 12 was obtained in 83% vield, instead of 98%.
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The resulta (Table 1) suggest that TEMPO and bismuth reagent 2 are in competition for
phenol 8. One explanation would be that TEMPO, under basic conditions, forms and traps
phenolate radicals to give quinone 18, whereas 2 produces coupling from an intermediste 20

(see below, Scheme 2). ]
In agresment with the latter, the use of pyridine instead of the strong orgsnic bdase

BTMG produced' no oxidation at all. This is in keeping with the formation of an intermediate
ke 20 (Scheme 2) giving the hydroquinone 21 easily oxidised to the quincne 12 in the medium

used for the eoupungm (Scheme 2),

d oH o
o
8
2 BiPh,
B,C 22
A,B D
OH
© . .
A
@
B!PhSCl ) Ph
Oor 26 23
21 L3
AB
-lg A.B 4
0 OH <
Q 2
Bil»‘h3
0 20
12

A:2and KB : B : 2 and BTMG ; C : effect of oxygen traces;
D : 5 and BTMG or KH,

Scheme 2. Pathways involved in the Reactions of Phenal 8.

A logical inference from the above is that the use of a tetraphylbismuth reagemt would
give a different intermediate 22 which - by reductive elimination would affard the 4~phenyl
derivative 33. Indeed use of reagent % geve only traces of the diphenoquinone 12 and
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4-phenyl derivative. 23 was tisolated (33%) instead. This is the first example of the
4-phenylation: of a phenol, Diligent .eamhlo has given no indication of 4-phenylation in
phenols where the phenolic hydroxyl is less hindered and can form a Bi-O intermediate,

The 4-methyl analogue 10 of phenol 8 was studied next. Oxidation with reagent 2 and
BTMG in the presence of methanol afforded the methoxymethylene derivative 18 in reasonable
yield (45%). This reaction is anslogous to the similar reaction with mezdtol_ﬂj and involves
formation of a methylenequinone,

In a similar way, when tetraphenylbismuth reagent 5 was used, the 4-phenyleyclohexa-
dienone 25 was isolated (228), together with another unexpected product phenol 24, in which
one of the tert.-butyl of 10 had been replaced by phenyl.

The formation .of the methoxymethylene derivative 18 and of the 4-pheny! derivative 25
are compatible with a 4-substituted Bi-C intermediate analogous to 22 (Scheme 2). This could
eliminate to give the postulated methylenequinone or reductively eliminate to 25. However, the
replacement of tert.-butvl by phenyl to give 24 would require the formation of an intermediate
dienone analogous to 14 with loss of the fert.-butyl group as a tert.-butyl radical or as
isobutylene. All this would suggest the formation of the customary Bi~O intermediate, which
we had regarded (see above) as guestionable.

In order to make the formation of a Bi{-O bond more probable, we decided to make the
phenolate anion unambiguously before adding the bismuth reagent. Thus phenol 8 in
anhydrous THF was treated with potassium hydride (evolution of hydrogen) and then with
reagent 2. The reaction was faster and after 1 hour only 15% of starting material 8 was
unconsumed, The 4-phenyl derivative 23 was obtained in better vield (37%) aes well as 21
(15%). No diphenoquinone 12 was detected. These results are not incompatible, therefore,
with Scheme ? (26 -> 23 and 26 -> 20 -> 21).

In a simllar fashion, the 4-methylphenol 10 afforded the 4-phenylcyclohexadienone 25
(17%) and the 2-phenyiphencl 24 (128) after 1 hour. The ylelds were not improved by using
the tetraphenylbismuth compound 5. Reaction of 8 and 10 with § and KH gave 23 (21%) and 24
(12%), 25 (14%) respectively.

Eventually, 2,.4,6-tri-tert,-butylphenol 27 was treated with 2 and KH. After ] hour a
non resolved mixture of mono-C-phenylated di-tert,-butylated phenols 28 and 29 was isolated
(22%) in a NMR ratio of 28:28 = 1.5, as well as unreacted phenol (48%).

A comparison of these phenylation reactions shows that overall yields of ortho- and
porc-phenylated products ranging between 22% and 37% in one hour are obtained. The relative
p-phenylation rates are : 8 (4-H) : 1; 10 (4-CH3) : 0.5; 27 (4—t-C‘H9) : 0.24, Al the
results for very hindered phenols are summarised in Table 2,

Mercury-bismuth exchang‘e18 wae attempted as an alternative approach to intermediates 20
and 26, However treatment of the 4-chloromercurio derivativem 30 with 2 in THF under reflux
for 15 hrs failed to give any coupled products. Reaction of this mercury derlvative with
triphenylbismuth afforded. only the reduced phenol 8 (82%) togethér with diphenylmercury
(63%). ‘

This work on the arviation reactions of very hindered phenols has turned up two
resctions which are unexpected in relation to the considerable body of work already
accomplished.7~1° In particular, we have proven that simost all the prior results are
incompatible with radical chemiatry.‘2 Thus, the abnormal 2- and 4-phenylation reactions can
be sccommodated into prior ideas by supposing the formation of Bi-O and Bi-C intermediates
respectively. However, we have also considered the hypothesis that extreme steric hindrance
has finally produced a new mechanism in which electron transfer between B.T.M.G. (or other
base) and a Biv reagent  leads to the lstter fragmenting to aryl, in this context phenyl,
radicals. Such a mechanism has already been detected and shown not to play a role with

normal substrates, 12
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Table 2. Oxidation and Phenylation of Sterically Hindered Phenols with Biv Reagents,

Phenol Bi Reagent Reaction Conditions Products (%)

7 1 (1.5 THF, 15 h 11 (30)

7 1 a8 THF, BTMG (3), 3 h 7 (08

7 1 (1.5) CH,Cl,, 4.5 h 11 (3%), 7 (84)

7 1 (1.5) Cﬂzclz. PhNO (2), 4.5 h 11 (80), 7 (39)

] 2@ THF, BTMG (53, 17 h 12 (3D

8 5 (L.2) THF, BTMG (1.2), 15 h 12 (traces), 23 (33)

8 2 (2.2) THF, KH (1.5), 1 h 8 (15), 21 (15), 23 (3N
8 5 (1.1) THF, KH{3), 1 h 23 (21)

10 5 (1.2) THF, BTMG (1.2), 15 h 24 (20), 25 (32)

10 2 (1.2) THF, KH (2), 1 h 10 (40, 24 (12), 28 (A7)
10 5 (1.2) THF, KH (3), 1 h 24 (12), 25 (14)

27 2 (L) THF, KK (2), 1h 27 (46), 28+29 (22)

All reactions performed at room temperature,

We have, therefore, examined the effect of 1,1-diphenylethylene (DPE), a good trap for
pheny!l radicals, on the reactions concerned (Table 3). This olefin had Httle effect on the
formation of the methoxymethyl derivative 18 from phenol 10. This is in keeping with earlier
discussion (see above). In the other examples in Table 2, the radical trap DPE had little
effect on ylelds of products formed. The exception was the reaction of phenol § to give the
coupled product 12. This reaction needs further study. ’

Table 3. Rffect of the Addition of I.I-Diphen;lethylene (DPE) on Various
Oxidation Reactions.

Phenol 2 (eq.) DPE Reaction Conditions Products

8 2 0 THF, BTMG (5), 17 h 12 (31
8 2 2 THF, BTMG (5), 17 h 12 (8
8 0 0 t-BuOH, NaOH, 0,, 15 h 12 (98)
8 0 5 t-BuOH, NaOH, O,, 15 h 12 (83)
] 1 o MeOH; BTMG (2), 15 h 15 (e5) .
[] 1. 2 MeOH, BTMG (2), 18 h 18 (e7)
10 1 ¢ MeOH-CH,Cl,, BTMG (4), 8 days 18 (45)
10 1 2 MeOH-CH,Cl,, BTMG (4), 3 days 18 (46)

272

All reactions performed. at room temperature.

As noted botore.m« when acrylonitrile was added to the resction of phenol 10 with bismuth
reagent 2 in benszene in the presence of BTMG, the addition-phenylatior product 17 was
obtained. We now report that when the reagent 2 is omitted, a normal Michael resction takes
place to give 31. We conclude that 1T ‘was formed by s similar resction followed by
C-phenylation via a Bi~C bonded intermediate. Radicals are not inveived.
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The reaction of mesitol § with reagent 2 in the presence of BTMG in methanol produced
immediately a deep red colouration, characteristic of the formation of a covalent Bi-O
compound.””'21 This was in contrast to phenols 8 and 10 which do not give a similar ocolours-
tion. Base-catalysed reductive elimination afforded, through the elusive methylene-quinone,
the adduct 15 (85% without DPE and 67% in the presence of DPR).

The presence of aryloxy! species was detected by e.s.r. study of these reactions. A
signal was already detected in a solution of 2,6-di-tert.-butyl 4-methylphenol. Its intensity
was increased upon addition of BTMG, but no significant modification occurred after addition

of PhsBIClz. The signal was a quadruplet of triplets, g = 2.005710.0004, oy = 11.29:0.05G
3

and apm = 1.6710.05G, characteristic of the aryloxyl radical.” Spin density studies were not
possible because of the coupling reactions to guino-ethers or the dismutation x-eact'lon.1 The
e.s.r. spectrum of a solution of 2,4,6-tri-tert.-butylphenol 27, BTMG and 2 showed the
presence of the corresponding aryloxyl radical, g = 2.0043%0.0004 and apn = 1.8220.05030.
As this radical is stable and glves colored solutions Omax. 625 nm, £ 410), the concentration
was easily measured by UV-wis spectroscopy. An equimolar solution of 27, BTMG and 2
contained 1.8% of aryviloxyl radical after 2 hrs. When oxygen was bubbled through the
solution, the phenol was completely consumed in 5 hrs. In blank experiments, 27 remained
unaffected by Ph:,BiClz alone or by BTMG alone.

Oxidation of 2,6-dimethylphenol 7 by l’hsBICO3 was also monitored by e.s.r. A poorly
resolved signal which can be attributed to the aryloxyl radical was observed : fino =

2.004310.004, 844 = 10.9210,05G, ey 3(2’5) = 5.8310.05G and ‘H(S,S) = 1,0920.05 G. Further

chemical experiments, however, excluded the radical pathway in this cage. The oxidative
coupling of 7 with 1 gave the diphenoquinone 11 in 30-35%. Addition of BTMG inhibited the
reaction : from the mixture, 11 was not present and 7 was recovered in 39%% vleld.
Eventually, the yleld of 11 increased in the presence of nitrosobenzene (60% yleld).
Therefore, the ionic mechanism10 with formation of a covalent Bi-O intermediate is more
consistent with these observations,

The observation of small concentrations of aryloxyl radicals 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 is that the mechanisms of the type already
used in the chemistry of Biv can be extended to explain the present results. However, the
possibility of phenylation by phenyl radicals and eventual displacement of a tert.-butyl group
for very hindered phenols needs to be studied further.

Experimental

M.p.s were deterrmined with a Kofler hot-stsge apparatus and are uncorrected, I.r.
spectra were recorded on a Perkin-Eimer 257 instrument., N.m.r. spectra were determined for
solutions in deuteriochloroform with SiMe 4 28 internal standard on Varian T-60 and Varian
EM-380 inatruments. Mags spectra were recorded with an AEI M8-8 or MS-50 apparatus.
E.s.r. spectra were recorded on Bruker ER-420 and FR-100D apparatus equipped with Bruker
ER-400X-RL or TR-4102 cavities. Deaerated solutions of the samples were maintained under
argon in a quartz tube. All solvents and reagents were puriffied and dried by standard
techniques. Chromatographic separations were performed using Merck Kieselgel 80 GF-254
(preparative t.l.c.) and Merck Kieselgel 60H (column chroomtography). BTMG refers to
N~tert.-butyl-N', N',N*, N"-tetramethylguanidine, and ether to diethyl ether.

Oxidation of 2,6-Di-tert.-butylphenol 8'by 2 and BTMG.
A solution of 2,8-di-tert.-butylphenol 8 (0.103 g) and BTMG (0.5 ml) in anhydrous THF
(3 ml) was stirred for 10 mins at room temperature under an atmosphere of argon. 2 (0.511 g)
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was added and the mixture atirred for 17 hrs. After addition of IM agueous HCI (a few
drops) and extraction with ether, the organic phase was washed with water, dried (Mgso‘)
and distilled under reduced pressure. Preparative t.l.c. of the residue (eluant: hexane) gave
2,8,2',8'-tetra-tert, -butyldiphenoquinone 12 (0.037 g, 387%), m.p. 243°C (hexane), l!t.z
245-247°C,

Oxidation of 2,6-Di-tert.-butylphenol 8 by 2 and BTMG in the Presence of 2,2,6,6-Tetramethyl-1-
piperidinyloxy 18 (TEMPO).

A reaction as ahove performed in the presence of TEMPO (0.39 g) yleided 12 (0.007 g, ﬂ)
and 2,68-di-tert.-butyl-1,4-benzoquinone 19 (0.070 g, 64%), m.p. 84-67°C (ethanol), lit
85-868°C.

Oxidation of 8 by BTMG and 18.
When the previous experiment was performed in absence of 2, 12 (0.001 g, 1%) and 18 (0.094
g, 85%) were obtained.

Reaction of § and 18.
A mixture of 8 (0.103 g) and 18 (0.168 g) in anhydrous THF (3 ml), stirred for 48 hrs at
roon temperature under an atmosphere of argon, vielded after usual work-up 8 (0.91 g, 83%).

Oxidation of 8 by 2 and BTMG in the Presence of 1,1-Diphenylethylene.

A mixture of 8 (0.103 g), BTMG (0.5 ml), 1,1-diphenylethylene (0.18 ml) and 2 (0.511 g) in
snhydrous THP (3 ml) was stirred for 17 hrs at room temperature under an atmosphere of argon.
The usual work-up and column chromatography (eluant: hexane, followed by hexane-ether 95:3)
afforded 12 (0.006 g, 6%) and 1,1-diphenylethylene (0.112 g, 85%).

Oxidation of 8 by 0 and NaOH in the Presence of 1,1-Diphenviethviene.

Oxygen was bubbled through a stirred mixture of 8 (0.188 g), NaOH (6.2 g) and 1,1-diphenyl-
ethylene (0.8 ml) in 2-methyl-2-propanol (3 ml) and water (0.5 ml) for 15 hrs at room tempera-
ture. After addition of water, the diphenoquinone 12 was filtered and dried (6.154 g, 83%).

A similar reaction performed in absence of 1,1-diphenylethylene afforded 12 (0.182 g, 98%).

Oxidation of Diphenchydroquinone 21 by 2 and BTMG.

A solution of 3,3',5,5'-tetra-tert.~butyldiphenohydroquinone 21 [obtained by reducﬂnn ot
12 with Hz and PtOz (10%) of a methanol-methylene dichloride solution, m.p. 178-184°C, lit.
185°C], BTMG (0.2 ml) and 2 (0.258 g) in anhydrous THF (5 ml) was stirred for 48 hrs at
room temperature under an atmosphere of argon. The usual work-up and preparative t.l.c,
afforded 12 (0.073 g,71%).

Reaction of Phenol 8 with 5 and BTMG.

A mixture of 8 (0.103 g), BTMG (06.12 ml) and tetraphenylbismuth p-toluenesuiphonate §
(0.412 g) in anhydrous THP (5 mi) was stirred for 15 hra at room temperature under argon.
The usual work-up and preparstive t.l.c. (eluant: hexane) ylelded 2.8-di-tert.~-butyl-4-
phenylphenol 23 (0.047 g, 33%), m.p. 102-103°C (pentane), l!t.zs 100-101°C,

Reaction of Phenol 8 with 2 and Potsasium Hydride.

A ‘mixture of 8 (8.103 g) and potassiwmn hydride (300 mg, 20% suspension in oil) in anhy-
drous THF (3 ml) was stirred for 1 hr at 5°C under an atmosphere of argon. After additinn
of 2 (0.582 g), the mixture was stirred for 1 hr at room temperature. A concentrated agueous
HCl] solution (1 ml) was added and the stirring was maintained for 1 hr. The organic phase
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was then washed with water, dried (Mgso‘) and distilled off under reduced pressure,
Preparstive t.l.c. of the residue afforded 8§ (0.015 g, 15%), 23 (0.052 g, 37%) and 21 (0.014
g 15%), m.p. 183-183°C (pentane), lt.18 1s50C,

Reaction of 2,6-di-tert.-butyi-4-methylphenol 10 with Acrylonitrile and BTMG.

A solution of 10 (0.22 g), BTMG (0.4 ml) and acrylonitrile (5 ml) in bentene (5 ml) was
stirred for 5 days under reflux under an atmosphere of argon. Rvery 24 hrs, 1 ml of acrylo~
nitrile was added. After addition of 1M aqueous HCl (a2 few drops), the organic phase was
washed with water, dried (mgso‘) and distilled under reduced pressure. Preparative t.l.c. of
the residue (eluant: hexane-ether 4:1) afforded 10 (0.027 g, 12%) and 4-(2-cvancethyl) 2,6-di-
tert, -butyl-4-methyicyclohexa-2,5-dien-1-one 31 (0.053 g, 228), m.p. 72-75°C (pentane), v max.”
(CHCI ) 2800, 2225, 1650 and 1830 cm 1: (BtOH) 239.9 (€ 10000) nm; ¢ (CDCI ) 6.3 (2H,
s, 3- H $-H), 2.0 (4H, s, Cﬂz), and 1, 3 (21H. 8, CH,); m/z 273 (M) (Found: C, 78.93;
H, 9.94; N, 5,05, C NO requires C, 78.07; H, 996:N 5.12%),

18 27

Reaction of Phenol 10 with 2 and BTMG in Methanol.

A mixture of 1¢ (0.110 g), BTMG (0.2 ml) and 2 (0.255 g) in methanol (5 ml) and methylene
dichloride (5 ml!) was stirred for 3 days at room temperature under an atmosphere of argon.
The usual work-up and preparative t.l.c.- (eluant: hexane) vyielded 2,6 di-tert.-butyl-4-

methoxymethylphenol 18 (0.058 g, 45%), m.p. 88-101°C (hexane), m.” 98-99°C,

Reaction of Phenol 10 with 2, BTMG, Methanol and 1,1-Diphenylethylens.
A reaction as above performed in the presence of 1,1-diphenylethylene (0.18 ml) afforded
16 (0.057 g, 48%),

Reaction of Phenol 10 with 5 and BTMG.

A mixture of 10 (0.110 g), BTMG (0.12 ml) and § (0,412 g} in anhydrous THF (& ml) was
stirred for 15 hrs at room temperature under an atmosphere of argon. Work-up and prepara-
tive t.l.c. gave 2-tert,-butyl-4-methyl-6-phenylphenol 24 (0.024 g, 20%) as an ofl,

(CHCI ) 3550, 2900, 1600, 1420, and 1320 cm 1; é (CDCl ) 7.53-8.83 (TH, m, ArH), 5.25
(IH, 8, OH), 2.33 (3H, =, CHs), and 1,50 (8H, s, C Hb)’ mll 240 (M } (Found: C, 84.79%;
H, 8.51, C” 200 requires C, 84.95; H, 8.39%) and 2,6-di-tert,-butyl-4-methyi-4-phenyl-
cyclohexa-2,5-dien-1-one 25 (0.033 g, 22%) as an ol, umax (CHCI ) 2800, 1860, 1640, 1380,
and 800 cm'iz é (CDCI) 7.43-7.17 (5H, s, Arﬁ). 6.80 (2H, s, 3-H, 5-H), 1.68 (3H, s,
CHS)' and- 1.27 (18H, s, 2xC Hg). m/z 288 (M) (FPound: C, 85.01; H, 9.64, 0215980
requires C,85.08; H, 9.52%).

Reaction of Phenol 10 with 2 and Potsssium Hydride.

A mixture of 10 (0.110 g) and potasslum hydride (200 mg, 208 suspension in ofl) in
anhydrous THF (5 ml) was stirred for 1 hr at 5°C under an atmosphere of argon. After
addition of 2 (0.562 g), the mixture was stirred for 1 hr at room temperature,

A concentrated agueous HCI solution (1 ml) was added and the stirring maintained for 1 hr.
Usual work-up and preparative t.l.c. (eluant: hexane) afforded 10 (0.044 g, 40%), 24 (0.018 g,
12%), and 25 (0.025 g, 17%).

Reaction_of Phenol 10 with 2 and Potassium Hydride in Methanal.

A mixture of 18 (0.110 g) and potassium hydride (100 mg, 20% suspension in ol) in
methanol (8 m!) was stirred for 1 hr at 5°C under an atmosphere of argon, 2 (0.511 g) was
added snd-the mixture stirred for 3 days at room temperature, After work-up, only 10 was
obtained (0.10 g, 91%).
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Reaction of 3,4,6-Trimethylphenol 9 with 2 and BTMG in Methanol. :

A mixture of 9 (0.13 g), BTMG (0.4 ml) and 2 (0.511 ) in methanol (5 ml) was stirred
for 15 hrs at room temperature under an atmosphere of argon. Work-up and preparative t.l.c.
afforded 2,6-dimethyl-4-methoxymethylphenol 15 (0.108 g, 85%), m.p. 80-54°C (pentane), Ht.28
54-38°C, :

Reaction of Phenol 9 with 2, BTMG in Methanol in the Presence of 1,1-Diphenylethylene.
A reaction as above performed in the presence of 1,1-diphenylethylene (0.36 ml) gave pt]
(0.112 g, 67%).

Reaction of 2,4,8-Tri-tert. -butylphenol 27 with 2 and Potassium Hydride.

A mixture of 27 (0.131 g) and potassium hydride (200 mg, 20% suspension in oil) in
anhydrous THF (5 ml) was stirred for 1 hr at 5°C under an atmosphere of argon. After
additifon of 2 (0.306 g) the reaction was stirred for 1 hr at room temperature. The usual
work-up and preparative t.l.c. afforded 27 (0.060 g, 46%) and an unresolved mixture of
ortho- and paro-phenyl-di-tert. -butylphenol 28 and 29 (0.031 g, 22§), m.p. 80-101°C
(pentane), 1t. 2828 57-s80c, 20%%: 101-102°C, Vmax, (CHCL,) 3650, 3550, 2900, 1600, 1420,
and 1360 cm l. [ (CDCl ) 7.60-7.13 (7TH, m, ArH), 5.17 -5.03 (1R, s, OH); 1.51-1,33 (18H,
3s, C{"Q)' m/z 282 (M* ) (Pound: C, 85.19; H, 9.09; O, 5.70. Calc. for CZOH”O C, 85.05;
H, 9.28; O, 5.67%).

Reaction of 2,6-Dimethyviphenol 7 with Ph,BiCO, 1.

a) A mixture of phenol 7 (0.12 g) a;id tﬂ;)henylbilmuth carbonate 1 (0.75 g) in anhydrous
THF (5 ml) was stirred overnight at room temperature. The solvent was distilled off and
preparative t.l.c. of the residue (eluant: hexane) afforded the diphenoquinone 11 (0.035 g,
308), m.p. 210-212°C, mt.30 2110€.

b) When BTMG (0.8 ml) was added to the same reaction and the mixture stirred for 3 hrs
at room temperature, only 7 was recovered (0.048 g, 40%).

¢) When reaction a was performed in CH,‘,CI2 (5 ml) for 4.5 hrs, diphenoquinone 11 (0.039 ‘g,
33%) and 7 (0.077 g, 64%) were obtained.

d) When nitrosobenzene (0.218 g) was added to reaction ¢, 11 (0.070 g, 80%) and phenol 1
(0.046 g, 39%) were obtained after stirring for 4.5 hrs at room temperature.
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