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The oxidation of hindered pbcnols to form leladvely stable phcnoxy radicals (e.g. 1 

and 2) iu the presence of a variety of oxidixing agmts. such as pbo2. Agfi. Mu& and 

K$‘c(CN)~, has been iuknsivtly studied 1. potusiumfcnicytick, in an alkaik solution, 

has barn comLuouly used for tin? prqalatiuu of pbcuoxy radicah* from lkdwed plN%Kb. 

Tbesc hindered phenols and tbeii Fg phoxy radicals are important as stabilizers 

because thy function as iuhibititMs uf autaXidatioLl re%ticms of org8nic compounds3. 

Dimruthandcowo&rs4~ have sllownthattln5pbcaoxy radical 2 uuduallinertatnMXpbutatroom 

temperabe i8 in equilibrium with its eg quinol ether dime 4. In feiluxing carbou tctrachloride the 

carbou-oxygen coupled dimr 5 was ubtaiucd. Iu the prcseoct of au equivalent amount of cyclohexeuc iu Tt- 

fluxing calbon t&&lloride the RI R 
carboa-crrrbon coupled compound 

3.3’~biiyclohexenyl6 aud phenol 3 

weft obtainad. At room tempera- 

tlue when 2 equivalents of pllul- 

oxylWiical2wexeEactcdwithl 

cquivaleut of tripbcnylmchnc tbc 

was obtained in I30% yield aluug 

with plEnol3 (scheme 1). The 

Stabilityofp4eaoxyladi~2md 

itSN%WtivitytOWMRiSStVsrktyof 

Wtivattd metllyleae groups to 

giVCOitlWtllOctUbOIl-cuboncOU- 

pled ur c.arbou-oxygeu wupkd de- 

rivativesdl2pmbgoathes(aichi- 

one-try of tbe EXtauta have been aaxlicdeS 

We have peviously synthuized 2p’3~~~aC~l_(,l’-bipbenyl)4,4’_ (13; HPBP) by 

tbt oxhtive coupling of 2.3.6-tr&hcnylpknol9. Oxidativc umpling of 2.6dipbmylpbenol8 yiekb the vuy 

6199 



insoluble diphenoquinone 10 which pnciptates from the reaction mixture as the rtaction pn_~~&~.s 

However, oxidative 

coupling of 9 under the 

same conditions yields 
oqS$$ bSJ$e &OH :ge -jSj=+ 

ph - H - R, 
R m 

a hWY colottzd 

I 

10 12 
solution which remains @R=Pil 

homogeneous. Addition 

n& 

8; R=H 

I 
M 

of a reducing agent - 
such as hydrazine yields \ / OH 

n* 
I_’ \ / OH 

W. Reoxidation of 13 m H m m m 

with either Ag20 or 11 13 

KJFe((XQ in an inert solvent gives an intensely permanganate colorad soWion. The product, presumably the 

bispheaoxy radical 12, is very soluble and can only be recovered by evaporation of the solvent The ste& hin- 

drance provided by the phenyl groups in the 33’~positions forces the biphattol13 into a m~-coplanar geome- 

try and increases its oxidation potential. The oxidation potential9 of the dianionic species of 13 is -228 mV 

which is 112 mV more negative than the dianionic species of 11, suggesting that biphenol13 is mote difficult 

to oxidize than 11. 

Biphenoxy radical 12 is extrunely stable in air both 

in solution and in solid form. When heated in a solution 

ofo-dichl~~nzeneatlU)°Cunderaaiaertatmaspbsn ” 

12 slowly decomposes within 24 hours to yield the dibea- 

zofiuan derivatives 14 and 15. It hrs been shown by 

Kimlo that recbcting the pregenerated radical 12 with diph- 14 15 

enylme&ane 16 in rcfluxing bettzt~ gives the monofuncti0~ carbon - oxyg~ coupled compound 17. Tbc 

12 
Q I + C’% 

6 
18 17 

reaction of to‘witb 16 requkes hi* v (140 ~~)a0dthepoductsafetbodid11 

and 1. If&tetrapknyle&aae as previously dem0astmM for the rucfio(l with 33’J$-tctm-t- 

butyldiphenuquinone at 260°C.’ ’ 
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can pnmmably be attributed to the rate at which the intermediate tnethylene radical is generated. as Dimroth 

and coworkers5 have shown. The reaction times appear to follow the same trend as the bond dissociation en- 

ergies ( Do& of the methylene proton. For example, diphenylmethanc (Dam of 81.4 Kcal/mol)t2 reacts 

within 3 hours while ethylbenzene (DOS8 of 85.4 Kcal/mol)l2 reacts within 9 hours. 

Table 1: Carbon - Oxygen Coupled Canpw~ 

R RxnTii % Isolated % Chemical Analysis %calc. [found] 
(houn) z!i Yield GJrlmw C H 

mm 3 243-245 97 100 91.i4 ~0.771 5.58 [X33] 

o&Q 

1: 

242-243 &o 90 88.24 [88.13] 5.40 [5.20] 

(=J+(=-J 145-W 79 100 85.52 p5.951 5.24 [5.48] 

ok_& 42 __ _ m __ ___ 

Q-b-cH. 9 245-248 97 100 90.32 [90.05] 5.92 [5.94] 

#- k-t”. 5b - 85 % _- - 

c3 21 252-253 90 100 89.74 [89.57] 6.28 16.391 

es*+ 2 240-243c 86 100 81.14[80.87] 5.84 [5_60] 

,-i-0 f 20 213-217= 80 100 85.48 p5.441 6.93 [7.19] 

NR= No rcxtlcm 
a Basal on HPiX analysis; b. Two i.mmuic die&w pducta; c. Decompmition mnpa8me 

The stability of the biphenoxy radical 12 combined with ita high oxidatioo potential leads to unique 

cbwnietry~chweareMltntlywrploriag.Other~bipbenolspllebeinssyathesized~studiad.The 

cleavageofthediethex8anddiacmlsinthepmsuK?eofacidto mgematethebiphead.alongwiththe~- 

qzctve alcoholoraldellyde,iscurmrtlyunderstudy. 

Gcaalplpcschre: 

Toa~~~ofbipbenol13(0.503g;0.7g3mmd)inu)mLofbeazare~dded~aolutioaoP~ 

sium fcmicyddc (2.63 g; 8.00 mmol) d potassium hydroxide (0.4SS g; 8.11 nnml) io 15 mL of distikd 

arateS. Tlleeqpniclayer immedMelytumeddmkredincokXmdtilemixtmwas5tkdvigaoudyatmom 



temperahtm for 2 hours at which point diphenylmethane (0.544 g; 3.23 rnmol) was added and tbt tea&in 

mixtufe was heated to rcflux for 3 hours. Tlx organic layer was washed several times with water (3 x 25 I&). 

extracted. dried over Na$O,. filtend and the filtrate was evaporated lo dryness. The crude product WM n- 

crystalked from a methanol-chloroform solution to yield 0.740 g (97%) of the diethex compound (20; R = 

Ph2CH-). mp 242-245 T. 
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