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HINDERED DIPHENOQUINONES: DIRADICALS OF OXYGEN 

Jean Bourdon and Melvin Calvin 

Radiation Laboratory and Department of Chemistry 
University of California, Berkeley, California 

July 10, 1956 

ABSTRACT 

Attempts were made to prepare a diphenoquinone having substituents 
in 2,2' -positions in order to prevent the planarity of the molecule and get a 
diradicalof oxygen. The 2,2' -dimethyl-5. 5 v _di -t-butyldiphenoquinone was 
prepared and was shown to be in equilibriumwitn a small amount of 
diradical. This compound slowly polymerizes. 
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HINDERED DIPHENOQUINONES: DIRADICALS OF OXYGEN 

* Jean Bourdon and Melvin Calvin 

Radiation Laboratory and Department of Chemistry 
University of California, Berkeley., California 

July 10, 1956 

INTRODUC TION 

It seems clear that the two rings of the diphenoquinone (1-) are coplanar 
and that the existence of the central double bond is responsible for this 
coplanarity. If this coplanarity is destroyed', the central double bond cannot 
exis t and a diradical, of oxygen may be expected. The coplanarity', of the two 
benzene rings can be ,destroyed if one introduces in,the, 2:,2' positions any 
substituent which, by steric, hindrance, obliges the rings to. rotate from a 
common plane, thus allowing the existence of only a single bond between 
them. 

I 

nIb 

. R ' " '/R R 

=M =t1FZ'0-"0' -0' ~-ct.=>­V-,j, 

n IlIa 

:,IIIc 

The diradical III would be stabilized by resonance of the different 
limit forms IlIa, IIIb. In fact, such stru'ctures exist: the p,p' -diradical 
derived from Tchitchibabin's molecule in which are introduced in the 
2,2', 6,6' -positions substituents suc;:h as methyl or chlorine ' IV and V. 
These compounds--isolated in, the solid state by Theilacker i and Muller, 2 
respecti vel y- -give good·examples of diradicals resulting from non ~ 
coplanarity of the diphen ylskeleton. -

~c 

Fulbright Fellow, 1954-1956. 
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j '- - " 
Ar 'Cl 'cl Ar 

IV V 

, These products" almost colorless in the 'solid state,;are deeply colored in 
solution (red, blue, or green); this phenomenon corresponds to an 
equilibrium between the dimer (colorless), the quinoid,' and the dlradical 
(colbred), the' pr;oportion'of diradical inc reasing by dilution or b'y he;ating. 

The existence of free radicals of oxygen has been definitely established 
in the mechanism of oxidat~on of phenols; therefore the different free 
radicals VI, VII, VIII, IX, X have been supposed to be intermediates in 
oxidation of corre sponding phenols, oxidation giving usuall y a dimer ,as 
final result, for instance XI or XI, .. 4 

OCH Cl' Cl 
/ 3 \ / 

0" -0', _~~O' 
-' CH3'===!-

'/ , 
Cl Cl 

VI VII VIII IX X 

Some of these free radicals(VU~ VIII, IX, ,for example) made their' appear­
anceas a' fugitive coloration during the reaction. Some others exist in 
solution in a state of e'quilibrium with thedimer; for example, the 
phenanthryl XII (H == OEt, C1. .. ), which exists in the solid state as a 
dimer XIII, dissoci:ates partially in solution into a free radical (green). 3 

, C~ /Cl Co <1 C1 ' 
" ,CH 3 - .' . 

CH 3-{ }-' 0 ~ _,_'= 0. 

Cl 'Cl Cl Cl 

«I C) ; ,C t. (;1 

'- --'O~ \\' '- "'-Oll~ , ~O~ , --:.\ -CH2 CH"2 /_" _. -OH 
, / _ ," " / c, ., _' 
- , C 1 'C 1 " C 1 ' C1 ' 

XI XI', 
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And recently, Muller5 isolated a real free radical of ox~geri in the solid 
s tate: The tri -t'-butylphenoxy XVI was obtained by 6~idation of the corre­
sponding phenor or by removal by silver of ahalogen (c'hlorine 'or bromine) 
from the halogenated compound 0 XV. 00 00 

, tBu 

tBu ~< >_OH 
'tBu 00 

o XIV XV 

tBu tBu tBu 

tBu{ ~-~ 
I, I 

), ·tB~"O ~ tBuQ=O , , 

t u tBu t u' 

a b c 

XIV XV XVI 
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Muller explained the relative stability of this free radical by the steric 
hindrance introduced by the t-butyl groups, which prevents the approach 
of reagents to the molecule. -:In fact, this free radical, deeply blue in the 
solid state, decolorized rapidly in the presence of air by formation of 
pe roxide XVII. 

Co~k6 prepared, ih the same way, some similar stable free radicals 
(XIX), and showed that thes'e free radicals could exist when the 0- and 
p-position were substituted to prevent dimerization and when there was no 
nydrogen on the a-carbon. Thus, with a, H present, the 2,6-di-t':'butyl-4-
methyl-phenoxy gives the dimer XVIII. -

tBu tBu 

"=> R D' / , /' /' 
o = ~ .. :._,' -,. 0 - OR • ,_' , , ,=0 

t13u 'tBu 

XVII XIX 

R 

T ri -.1.:-am yl 
bi -J...-hutyl 
bi o:.t.-butyl 
bi::1.-b utyl 

tBu tBu 
~ / ' 

HO-,~_· • -CHz--CHZ< ,tH 

XVIII 

R' 

tri -.i.-am yl 
methoxy 
butoxy 
ethoxy 
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EXPERIMENTS AND DISCUSSION 
. . ':~. - :' 

All these obse rvations enc ouraged the pre sumpti>cm that it should be 
possible to obtain a diradical such as III. As a matter of fact, the 
dianthrone XXa, which gives a yellow solution at room temperature, gives 
green solutions when healed to 265 0 . Some au,thors7 explained this behavior 
by the existence of the diradical form b, and LCAO -MO- :calculation 8 
suggests that bianthrone would exist in a triplet state by rotation of one of 
the anthracene rings. On the ot~er hand, some other compounds 
(XXI, XXII, XXIII, XXIV, XXV) derived from 2,2' -disubstituted. dipheno­
quin6ne have been reported and desc ribed as having a quinoid structure , 
but no real proofs of structure were given and no studies bn the properties 
of these products have beendone. 

o = = 0 

a b 

XX 

OH I' 'R Me 

o=(j-()=o 0 =0 =(\=0 . Or . M~' Fr 

I Me Me I 

o=M=b±o 
I~e M~ I 

XXI XXII XXIII 

. OCHa X OCH 3 o=U-O=o 
/" / '\. 

OCH
3 

X OCH 3 

XXIV XXV 

X = Br or Cl 
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Therefore we,proceeded to the synthesis ofa biphenol, 2,2 1, 6,6 1
_ 

substituted, without ambiguity in its constitution and potentially abl~ to give 
by oxidation the expected diradical of oxygen.". 

The diradical whose preparation was first. attempted .was· thete trachloro 
.2,21, 6,61-diphenoxy XXVIIa,. which could be obtained bY'Qxidationof the 

correspondingbiphenol XXVI: .. 

a b 

XXVI XXVII: 

Themethod .. chosen for the synthesis 6f the biphe:noLis the following: 

C) . HNO 

NO-O'~-NH 2 
2 2 

. _~ RI' 
. Cl 

C1 
.. / 

)NOz-( ~_I 
C1 

XXVIII XXIX 

XXXI 

..~C} «1 
Cu .(,.~ ~ 
250o)NO~ __ '1-\ ___ ' ,/ 

-,'\ . /~ 

'C1 C1 

XXX 

HN02 
__ ~ ___________ ~) Biphenol 

H
2
S0

4 

The compounds XXIX, XXX, and XXXI had been prepared by other authors 
using different methods, but the process used here gave better yields and 
the products obtained were much easier to purify than with the previous 
methods. 

The structure of the biphenol was further established by its spectrum 
(Fig, 1), simi1ar to the spectrum of the pentachlorophenol and differing 
from that of biphenol and 3,:;t -.dimethylbiphenol. 

.' 
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.n. ... * CH.~OH ............... .. 

CH, 

* In cyclohexane- Friedel and O.rchin 

U.V. Spectra of aromatic compounda 

MU-11583 

Fig. 1. Ultraviolet spectra in alcohol 
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'6~id.ation of the Tetrachloro 2,2', 6,6' -biphenol 

(XXVI--~>XXVIIa orb) 

The usual oxidizing agents were tried, but without success; the 
biphenol remaining unchanged (silver oxide 10 orlead dioxide in anhydrous 
ether or benzene, lead dioxide in moist ether, 3 ferric chloride in acetic 
acid, potassium pe rmanganate in alkaline solution). Potassium permanganate 
in a.cid solution completely destroyed the molecule, as was shown by uv 
spectrum. 

Then the action of chlorine was tried, in the expectation of the formation 
of the octachlorobiphenol XXXII, which, by furthe r oxidation. might give 
the diradical XXXV. Chlorine in chloroform gave the expected 
octachlorobiphenol XXXII. 

XXXII 

Cl CI e
7

1 G1 C1 " r~Cl o=<'>-H=o 
, Cl~C( C1 

XXXIII 

C~ C} ~:{1 

. ;0-( ) -0-0' 
/ \ /' \ ," 

C1C1 Cf Cl 

XX,XV 

C 1 Cl C 1 C 1 < )1 \ / 
,0= -, O. =0 . C· 

j-\ /-\ 
C1 C1 C1 C1 

XXXIV 

The structure of octachlorobiphenol XXXII was confirmed by its uv 
spectrum (Fig. 1), similar to the spectrum of the pentachlorophenol. 
Chlorination of either tetrachloro- or octachlorobiphenol in acetic acid 
solution gave a decachloririated compound for which two structures were 
pos sible: XXXIII and, XXXIV ~ Reaction with zinc and acid gave, the 
octachlorobiphenpl, showing that the dephenyl skeleton had been preserved. 
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The o-quinoid structure XXXIII wasestablishedbyuv spectrum 
(FiR. 2).'rhe spectrum of the decachloro- is effectively very similar, to the 
spectrum of 0 :-benzoquinone ~nd quite different from the spectra of hexa "­
chlorophenol-XXXVII and p""benzoq~inoneo, In fa,ct, ~he 0- quinoid structure 
is, more probable, according ,to the steric hindrance in the p:-quinoid structure 
XXXIV. -

;0,,1 ;,' 71
," , 

C1 -, -'" " 
, " " =0 
c, _', , 

C1 'C1 

XXXIII 

It should be noted that the decachloro compound, XXXIII is slowly 
reduced to octachlorobiphenol by alcohoi at ,room temperature (complete 
reaction in approximately 24 hours), showing the same behavior as, the~exa­
chlorophenol XXXVII toward this solven~o ,This reduction is appro)dmately 
ten times as fast with the diphenyl compound. 

Oxidation of the 2,2'",3,3', 5,5', 6,6' -octachlorobiphenol 

(XXXII -~>XXXV) 

Several methods were used; This biphenol seems evenlesssensitive 
toward oxidizing agents than the; tetr;:tchloroo 

, None of the following reagents gave any coloration of the solution- -that 
is to say, formation of aradical~-lead dioxide in moist ether or in benzene, 
alkaline potassium ferricyanide in benzene under nitrogen, potassium di­
chromate in boiling acetic acid with traces of sulfuric acid, potassium 
permanganate with sulfuric acid o Most of the .time, the biphenol was left 
unch?-nged. ,The action of aqua regia f?r one mqnth at room temperature 
acc;ording to the method useq by Smith to prepare the same product, was 
here completely unsuccessful; the starting material-was recove,red un-:-
changed, ' 

Thus ne'ithe r the d'iradical XXXV nor the dibenzoqui~one XXV 
could be obtained because of the strong resistance of this biphenol toward 
the oxidizing agent. 
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After these failures, another completely different fnethqd wa~ tried. 
This method consisted in the removal of two 'extra a-toms'of chlorine from 
the decachloro compound XXXIII by action of silve r ih benzene solution; 
For this reaction we refer to the reaction used by Muller 5 to prepare the 
tri-t-butylphenoxy compo\l,nd. Here after 18 hours of agitation bf the solution 
with-active silver under pure-nitrogen, the decachloro compound XXXIII 
was recovered unchanged. 

Since the two chlorine atoms seemed to be too tightly' bound to the 
molecule, we tried to replace them by two bromine atoms, as in XXXVIII. 
This compound might be, 91:>tained by bromination of the octachlorobiphenol. 
Several methods were used,' all unsuccessful, the only product obtained 
being a substance with the properties of _a polymer. 

C 1 Cl Gl C-l 

0\ I 'Q\' / -tp'-; 
0= ' ;,- ',", /~O-

-13;--' ' ,II ,,',,' 
__ .!,.J I '. ~" ",,', ',' 

61 C 1 Cl Cl 

XXXVIII' 

Br Cl Cl Br Br Cl CIC) . " / '0' , ~Cl / \ I , -,', .. _ ,-Br 

HO< ~-,.3 ,~ 'OH O=j _Q" " =0 
. / \. ,Br ' 

, "" ,,-,"'''' '." . Br Cl CIBr,' CL Cl ,Cl Br 

XXXIX XL 

Next we tried bromina1:ion of the tetrachlorobiphenol to get XXXIX, followed 
by chlorination giving XL, which possesses the desired chlorine and bromine 
on the same carbon atom. The tetrabromo compound XXXIX was obtained 
by action of bromine' on tetrachlorobiphenol. Then' the chlorine was allowed 
to react' in MeOH-AcOH, 5 'and'even at _20 0 the bromine was replaced by the 
chlorine with production cjf the decachloro c-ompound XXXIII previously 
described. ' 

From all the foregoing observations arises the idea that pe rhaps 'the 
presence of the electronegative chlorine prevents the oxidation of thebi­
phenol and the formation of the diradical. 

For comparion, the oxidation of pentachlorophenol was studied in the 
literature and some 'experiments were done: 
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• ).A 

".' . ..OJ::,: ',.0. : •. 

. ~CI.CI 
. 'I IN ALCOHOL (I) -._._._. 

CI !J -
CI CI CI 

CQoC.!...CI ..• C . 

C I 

INCYCLOHEXANE (2) 

IN CHLOROFORM (3) 

IN HEXANE (4) 

IN ALCOHOL (5) 

IN HEXANE (6) 

MJ-11584 

Fig. 2. Ultraviolet spectra of decachloro compound and analogues 
(See Friedel and Orchin, "Ultraviolet Spectra of Aromatic Compounds," 
John Wiley and Sons, p. 77; Goldschmidt. Ber. 61, 1868 (1928)). 
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Most of the strong oxidizing agents 11 transform pentachlorophenol into 
chloranil by removal of p-chlorine. The same result is observed with sym­
trichlorophenol. 12 Sucllresults could not be expected for the octachlorobiphenol. 
On the other hand, we did make some attampts to see if it was possible to get 
the free radical. XLI by oxidation of pentachlorophenol. 

Cl Cl 

" I Cl-< )_cr 
Cl Cl 

XLI 

The lead dioxide in moist ether at 0 0 gave no coloration, and neither 
did potassium ferricyanide in alkaline solution, differing in this way from 
tri-t~butylphenoL Pummerer reports that the .dehydrotetrachloro-p-cresol, 
X -)IT, a strong ,oxidizing, agent, was without action on pentachloropnenol. 4 

So we tried to prepare a diradical free from chlorine and for this pur­
pose the 2,2' -dimethyl-p-biphenol XLII was prepared. The angle between 
the two phenyl rings ought to be smaller than with four chlorine atoms, arid 
it could be expected that some stabilization Of the diradical XLIII by the 
methyl groups might be apparent. 

XLII XLIII XLIV 

The 2,2' -dimethylbiphenol was prepared in the following way: 

CH CH 
3 /3 I Zn '.' 

0, -N02~NH20~ -O.~ -NH2 
- NaOH .. - 2HCl 

. . CH
3 

XLV XLVI 

HN02 
------i-) biphenol 

HEf) 

XLII 
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The alkaline. reduction of m - nitrotoluene by zinc and alcohol gi ve s, 
directly after acidification, a very good yield in the diamine, which is trans-
formed in biphenol in the usual way. ' 

The diamine XLVI .has been prepared in another way: 

XLVII XLVIII XLVI 

Oxidation of the 2,2 i -dimethyl-p,p' -biphenol 

(XLII) 

In contras t with othe r biphenols, a reaCtion occurred, although it was 
not possible to see anycolor ·of a diradical. An insoluble brown polymer 
was formed byaotion of potassium ferricyanide. This polymer wasmostL.y 
adsorbed by lead dioxide when this reagent was used. The same result was 
observed even at low temperature (-80 0 )unde r p~re nitrogen.'" 

From these observations we were led to believe' that the biphenol. 
XLII was oxidized, presumably with fbrmation of the diradical,but this 
latter product~; too reactive, could not even be seen and reacts rapdily to give· 
dimers or polymers. 

As suggested by Mullet, 5 two t.,. butyl'groups in positionsortho to the 
hydroxyl increase. the stability of the corresponding free radical by steric 
hindrance, in preventing the approach of the reagents to the molecule ~ , 

Therefore, in order to,'stabilize th,e diradical (XLIII) we tried, to, In~ 
troduce four t-butyl groups in the 3,5,3' ,5i-positionsof the 2,2' -<p,methylbiphenol 

,~ (XLII). According to the method of alkylation of the phenol, 13 isobutylene 
was allowed to react with th,'e dimethylbiphenol at 70 0 in benzene solution with' 
a trace of sulfuric acid. But under these conditions, only two t- butyl groups 
could be introduced in the 5,5' ~positionsbec,ause of the hindrance of the two 
methyl groups preventing the substitution on the·3,3'-positions. 14 : 

The 2,2' -dimethyl-5,5' -di-t-butylbiphenol, in accordance with the ob­
se rvation by Stillson 13 for similar hinde red phenols, in not soluble in dilute' 
alkali and could be purified from other phenols by use of this property. Its 
spectrum (Fig. 1) is similar to the spectrum of the 2,2' ':'dimethylbiphenol, 
showing that the two benzene rings are not coplanar. 
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Qxiqa,tiqn pf the. 2,2I,-:qi~ethyl-5, 51, -~~ -:,~~but:y:lp.iph~nol:: , 

";; " 

In contrast to the other biphenols preparedi,-above; this'~one gives' deeply 
colored solutions with oxidizing agents. Thus, with lead dioxide in moist ether 
or in benzene, we readily got-a,deep re:d solution stable" for several hours. 
The same result was obtained with alkaline potassium ferricyanide. 

XLIX' L LI 

According to our hypothesis, these solutions could contain the diradical 
(L) or the qlJ.inone (LI) or a mixture of the two products in equilibrium 
L~LI or products -'of;polYmedz,a,tion., , c' 

In fact, studies of electronic -spin resonance (ESR) and of optical 
spectra of these solutions showed that the reaction of oxidation was a complex 
phenomenon involvi,ngseYe ral steps., Mos t of. this; study was, done in ,beri'zene 
solution with:1ead dioxide as oxidizing.agent~ ,The'solutions ob,tained'we,re 
somewhat more', stable:when'free from oxygen; therefore" many experiments 
were' carried out:unde.rj nitrogen,or under,vacuum. ' , 

A solution of biphenol in henzene was shaken with lead dioxide until the 
reactiori was complete., This:was,indic,ated when the principal absorption 
band of the spectrum reached an apparent maximum (about 15 minutes). , Re­
sults,--shovinin Fig., 3"are quite, different ,according to,whethe.r the';reaction 
is done in dilute or in concentrated solution.,' 

In dilute solutio,ns (3,x' 10.-~ mol/lite r) the' absorption spectrum of the 
reaction,. solution exhibits ,ope b,and(Fig. 3;,)', a ,=A440R, :.E 'a'" approxi-, " m x, , m x ' 
matel y 49,000), ihdicating that there isotilyone. compouridin the soluti-on, 
which is - -as will be shown later- -the hindered diphenoquinone LL When the 
concentratiori of the solutionis 'increased fFigs;-' 3 arid'4)',X " 'of this 'band 
if Shifted toward,the longer waveleng'th (4830 R) ,arid~' "~~~eas'e'i3 con-' 

, ;, " .':' : ',' "; ,",', ,', :'. ,.. max, ,:,'; "" , 
sid~rably and sett~e,sj' for: a saturated,sglution, ,to.a, valu~ of 16,000 -tEig.4). 
A new ,maximum become,s apparent at 5000 1?,:, producing a broadening ,of the 
entire 'absorption (Curve, 5, Fig.' 3)., ,It is,appar'ent.,that apolyrnerizationof 
the hindered quinon~ ,J...I occurred withtlle increas~, ofJlle concentration. 

"This study will. . .therefore. ,be divided in tw:o .parts: ,. (1) • Study oJ the 
hindere4 diphenoqu~no.ne (producedJn dilute splution), and (2), study of the 
polyrnerizationproducts (in conce'ntr~ted solution); 
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Fig, 3, Spectra obtained by oxidation with lead dioxide under vacuum at 
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(1) Hinde red diphenoquinone (dilute solutions) 

Several lines of evidence were used in establish~ng the structure of this 
compound . 

. (a) In Fig. 5 optical spectra of this quinone LI, diphenoquinone I, 
3,3' -dimethyldiphenoquinone, Tchitchibabin's hydrocarbon, and hindered 
Tchitchibabin's hydrocarbon IV are compared. From the beh,avior of the 
spectra we can be confident that dilute solutions (3 x 10 -5 M) contain almost 
exclusively the quinone LI. -

Such a hindered diphenoquinone should have a higher oxidation potential 
than the one of diphenoquinone itself.. This was established by the reaction of 
biphenol with the hinde re~ quinone: 

HfS3 
I 

tEu 

. tBu 

O-OH 
/ 

CH
3 

OH benzene 

+ 0 

The exchat;1ge between the twocompO\mds takes place ina few hours 
in benzene-ether solution with production (according to the spectrum, Fig. 6a) 
of 0.86 molecule of diphenoquinone per molecule of oxidized hindered phenol 
(or 0.95 per molecule of apparent hindered quinone formed). 

The hindered diphEmoquinone LI, according to our hypothesis, is 
supposed to be in equilibrium (LI.;.....! L) with the diradical L. This radical 
could be observed directly only in a more concentrated solution (10 -3:mol/liter, 

'. (;urve 2, Fig. 3, '!:max = 39,600) by ·ESR studie.s. A weak signal (G = 2) 

was obtained corresponding to a content of about 1 free electron for 1000 to 
2000 molecules. 
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t ig. 6. (a) Action of biphenol (3 mol) on the hindereddiphenoquinone 
(l mol) inbenzene. Quinone prepared in. dilute solution. 

(b) Actionofbiphenol (7 mol) on the so _called trimer quinone 
(1 molmortomeric unit) in benzene. T rime r prepared in concentrated 

solution. 
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(2) Polymerization products (concentrated solutions) 

We have mentioned above the possibility of a polymerization in concentrated 
solutions. The molecule of diphenoquinone LI is able to react with itself or 
with biphenol~, XLIX, giving dimers LIII and trimers LV, LVII with a quinoid 
structure. Several facts support this hypothesis: 

(a) The absorption band is shifted 390 R toward the red and the cor-
responding ~ value is dec rea:sed by two -thirds. max 

(b) The titration of oxidation equivalents by sodium iodide and thio­
sulfate gave a value of 0.24 to 0.52 per molecule of starting biphenol. The 
diphenoquinone LI would give 2 equivalents pe r molecule and the trimer 
LIV should give 0.66. 

(c) The products of the iodidereducHon are weakly colored, possess 
a spectrum very similar to the starting biphenol. have a very low solubility, 
and cannot be sublimed, thus differing from starting biphenol. ! 

(d) The action of biphenol in benzene, as it was done above for the di­
phenoquinone LI, gave a similar result (Fig. 6b); that is reduction of the 
quinoid polymers with. simultaneous formation of diphenoquinone. The reaction 
established the diphenoquinoid structure of these polymeric compounds; 0.32 
to 0.53 molecule of diphenoquinone was formed per molecule of starting 
hindered biphenol (0.64 to 1.06 oxidation equivalent). 

The discrepancy between these values and the one found in experiment 
(b) can be explained by the presence of varying amounts of peroxides due to 
varying conditions in the two experiments. ' 

(e) The successive polymerization reactions which occur during the 
oxidation of the hindered., biphEmol could be realized in several separated steps 
with production of some of the hypothesized intermediate compounds (Figs. 7, 
8, and 9). 

To a dilute solution ofm6nomeric quinone LI (\ 4440, ~ " 44,000, 
Curve 1, Fig. 8) \vas added a solution of hindered bipmml (1 molI1f~~ 1 mol). 
The solution was, slowly decolorized at room temperature and after 6.30 h 
(Curve 2, Fig., 7) 850/0 6f the quinone had disappeared. (The reaction could be 
accelerated by heating at 50 0 to 70 0 .) At the same time, a solution of quinone 
LI alone (at the same total molar concentration) decayed by only 220/0 (Curve 1, 
Fig. 7). ' 

The resulting decolorized solution, supposed to contain the dimer LB, 
(Fig. 9) was shaken two minutes with lead dioxide, resulting in formation of 
an orange solution}. 4470, ±: = 25,000, Curve 2, Fig. 8), corresponding 
to the dimer quinone~arn. max 

Then to this solution was added, once more, the hindered biphenol 
(1 mol for l mol of dimer), resulting in- the bding of the solution. The reaction 
was slower (Curve 4, Fig. 7) than the first one (about one half) owing' to the,' , 
hindrance of one of the funCtions of the diphenoquinone in the compound LIII. ' 

,I:: 
7 '. 
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I. Decay af the hindered monomeric diphenoquinone (Ll). ----------

2. Action of I mol.of.hindered biphei'lol on I mol. of 

hindered biphenoqulnone 

'3. Decay ot th-e 10 called dimer diphenoqulnone (Lilt) 

4. Action ot .1 mol. ot hindered biphenol on I inol. of 
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Fig. 7. Optical density at A = 4440 R as a function of time in benzene 

at rOOITl tempe rature. 
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Then this solution, supposed to contain the trime r LIV, was shaken two 
minutes with lead dioxide and gave an orange solution ().. 4470, L .= . . .' max . max 
14,600, Curve 3, Fig. 8). The three successive values of L (44,000, 
25,000 and 14,600) are in fairly good agreement with the forriPa1fon of the 
monomer LI;', dimer LIlI, and trimer LV quinones. 

The absorption observed at 5000 R in very concentrated solutions 
. (Curve 5, Fig. 3) should be attributed to a trimer quinone such as LVU, 
which can be produced when an excess of quinone LI is present in the soltuion 
(Fig. 9, LI -tLIII -)LVII or LI~LII ---1LVI~LVII). 

This was partially accomplished in dilute solution by allowing 1 molecule 
of hindered biphenol to react on 2 molecules of quinone LI. After almost 
complete decolorization of the soltuion, corresponding to the formation of 
LVI and LIV, the oxidation as above gave an orang~ solution. This solution 
(A 4500, L = 19,800, Curve 4, Fig. 8) exhibits a definite inc rease of max max . . 
absorption at 5000.~ ... · .. , .. 

Free -Radical Content 

The presence of free radicals in solutions containing· these quinoid 
compounds (LIII, LV, LYlI),was shown, as for the monomeric quinone, by 
ESR studies. A signal (G = 2) was found, indicating a content of about one 
free electron for 800 monomeric units, a value somewhat.higher than for 
the monomer. This would correspond toone electron for approximately 270 
molecules of trimer LVU.·· . 

Compounds wfthsuch, a quinoid structure should bein equilibrium with 
the corresponding diradical and therefore the ESRsignal should show a 
depend~nc y' on temperature ~ -th~t is 't<:> say, inincrease ofc,ontent of diradi~al 
by heatIng and decrease ,by coohng(Nlelsen and Fraenkel). Such a reversIble' 
increase of ESR"signal'between 30 0 andlOOo,was found (Fig. 10) until the 
quinone was compl~tely transformed by polyme rizatio~ and -~c'yc1ization (LVIII). 
Thi's transformation takes .place 'faster than at room temperature. 

Unfortunately, such an efie,ct could be studied only on the polymers 
(LIlI, LV, LVII) and not on the quinoiie (LI) in the ve ry dilute solution, be­
cause of the weakness of the signaL 

Decay of the Compounds 

According to the ESR, signal, the proportion of the free radical is 
higher in concentrated solution (Fig. 11) and reach,es a value of about 1 free 
electron for 600 to 1000 monome ric units (average 800). When the concentrated 
solution is fre shl y oxidized, the signal is even highe r (l elec tron for 200 units), 
bu~ decays in less.than half an hour and '~:rrops to the rather stable.value of 1 
electron for 800. During the same time the 1:': of the optical spectrum is 

max 
decreasing more slowly (Fig. 1'2). This discrepancy between. the behavior as 

. a function of time of the ESR signal and optical absorption would indicate 
the initial presence of some unstable free radical produced' during the 
reaction (probably a monoradical). After decay, the signal of this radical 
can be regenerate'd by addition of lead dioxide. 
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All these solutions are decolorized after one or two days. This Jading 
corresponds to the disappearance of the main band (4440 to 5000 g, Fig. 11). 

The spectra shown in Fig. 13 (Curves 3,4 and 5) correspond to trans"'­
formation products from various sources and show the absorption band of 
phenol (2800 to 2900) and a general increase of absorption below 2800 as 
compared to the absorption of the quinone (Curve 1) and of the biphenol (Curve 
2). Sometimes a peak (Figs. lll'and 13) is found. around 3400 to 3600 g, which 
could indicate formation of an ortho-quinone LIX by oxidation. 

Attempts to Isolate Quinones as Solids 

All the above experiments were carried out in solutions. Some attempts 
were made to prepare a solid sample from 0.01 M solution. 

One obtains, in all cases ,. a red glas s, giving, in chloroform, a spectrum 
similar to the one of Curve 5, Fig. 3, corresponding to the structure LVII. 
This red glass has a somewhat higher content of free radical (1/100, G=2.0). 
It -decays rapidly in the presence of air, more slowly in vacuum, giving a 
yellow powder. The ESR, signal ,can still be obe;erved, approximately 1/800; 
in the almost completely transformed material (Curve 3, Fig. 13), indicating 
the trappin'gotfree elect'rons in'the polymer, VIAlich would have a structure 
derived from LVIII; The analysis of the red glass is in agreement with the 
theory. 

, , 

Figure 9 gives a proposal for the complete scheme of oxidation and 
polymerization. It is an hypothesis that fits quite satisfactorily all of our 

. various observations. The results demonstrate that as few as two ortho­
methyl groups in diphenoquinone provide sufficient steric hindrance to 
coplanarity to raise the ene rgy of the quinone to the point whe re the re is an 
appreciable amount of oxygen diradical in equilibrium with it at room ' 
temperature. Presumably if the reactivity of the oxygen diradical could be 
furtherreducedbytwo additiona~ ortho.,.t.,.butyl,groups it should be possible 
to obtain the diradical in appreciable aril'Ounts. In fact, such a diradical 
should exceed in stability the phenoxy mono radic~ls of Muller and Cook. 
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PROCEDURES 

P reparation of 3,5 -dichloro -4 -lodonHrobenzene 

According to the method described by Schoutissen, 15 a solution of 50 g 
of 2,6-dichloro-4-nitroaniline (Kodak) in 16)5 cc concentrated sulfuric acid 
was cooled to OOC, To another 165 cc of concentrated sulfuric acid was 
slowly added 17,5 g NaN0

2
, care being taken to keep the temperature below 

40°, and the resulting soIution of nitrosylsulfuric acid was cooled to OOC, The 
two solutions were mixed and allowed to stand liZ hr, Then, 600 cc of 
H

3
P04 (85%) was added at such a rate as to keep the temperature below 50 C 

(L5 hr}, The yellow solution was allowed to stand 1/2 hr at 0 0 , 1 g of urea 
was added, and the solution was poured into 1 liter of ice water containing 42 g 
of potassium iodide, The decomposition of the diazo compound produced 
much foam, and the iodo compound precipitated as a light brown product. 
After 1 hour the precipitate was filtered, washed with wat~r, and recrystallized . , a 
from alcohol., Yield: 63 g (820/0), mp 151-153, j 

Preparation of 2;21, 6,6 1 -tetrachloro-4,4' -dinltrodiphenyl 

This compound hadprev'iousl y' been prepared by Ridge 16 by deamination 
of z,6-dichloro-4-nitroaniline, but with p'oor yields, ,A different procedure was 
used: 40 g of 3,g-dichl,oro-4-iodo-nitrobenzene was melted in a larg,e test 
tube at 240 -250 , and 0,5 g of bronze c'opper was added. ' The reachon . 
caused the mixtur~ to boil and it was sometimes necessary to cool it. The 
rest of the copper (15 g) was slowly added over a period of I/Z hr, the 
temperature being kept at 250-260 0 , The mixture was extracted, while 
still hot, with boiling benzene, The solution was chromatographed on alumina 
to eliminate the tars, The product obtained was contaminated with a yellow 
oil and was recrystallized from AcOH, yielding 9,5 g of yellow crystals 
(37%), mp 181-182~", . , . 

J ' ! 

Preparation of 2,2', 6,69_tetrachloroben~idine, 

This compound had been previously prepared by benzidine rearrange­
n:ent17, 18 of 3,3', 5,5'-tetrachl<:>rohydrazobenzerH~ with H 2S0 4 in very poor 
y~eld, An att empt to prepare thlS compound by the reduchon of the 
2,Z i, 6,6 i -trichloro-4,4"-dirirfrodiphenyl byzinc"and'acid:(AcOH, HC 1) in 
various fElolvents (AcOH, EtOH) gave a product that was impossible to 
crystallize, However, catalytic hydrogenation (Pt0

2
) of this product gave a 

pure crystalline benzidine in good yield, The hydrogenation was carried out 
by using 390 mg PtO , 600 mg dry Na2SO 4' 200 cc cyclohexane, and 2 g of the 
dinitro compound, The theoretical quantity of hydrogen was taken up in 2 hr, , 
giving a light-yellow solution, The catalyst was filtered off and washed .several 
times wlth ether, and then the combined, solutions were concentrated; 1.37 g 
of tetrachlorobenzidine (light yellow needles) was obtained, Yield: 81%, 
mp ca Z07°, After purification, the melting point was raised to 212_213°, 
The benzidine gives a dihydrochloride and a diacetyl derivative (acetylation 
with acefic anhydride and pyridine on a stearn bath, crystallization from 
AcOH), mp 314°,. Titration' Of the' diarriinewasdone by acetylation, 19 
Result:· 1.98 amino groups, 

... ' 
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AnaL Calcd. for CIZHSNZC14: C, 44.75; H, Z.5; N, 8.69; CI; 44.94. 

Found: C, 45.03; H, Z.74; N, 8.97; CI, 4Z.64. 

D~acetylated derivati~e. Calcd .. for CJhH.IZNZC1)4: . C, 47.31; H,Z.97; 
. N, 6.89, CI, 34.9Z. Found. C, 47.5Z, H, 2'"."95, ,N, 7.03, Cl, 34.70. 

. . 
Preparation of 2,Z', 6,6'-tetrachloro:"4,4' -biphenol 

The diamine (1 g) was dis solved in cOl'l~entrated. HZSO 4 (ZO cc) and 
cooled to OOC. NaNO Z (450 mg) was slowly dlssolvedm concentrated"HZS04 
(ZO cc) at a temperature below 40 0 C. The two solutions were_ . .nri-xed at 
OOC and 35 cc HdO 4 (85%) was added slowly so that the tempe rature re­
mained below 5""C. After 1 hour, this solution was poured into aqueous 
HZSO 4 (110 cc acid fo~ 140 cc wat~ r) and the acid~c solution was boiled 1Z min 
and tlien poured onto Ice. A precIpItate was obtaIned and the product was 
extracted from the suspension with ether; the ether solution was then ex­
tracted several times with 5 N NaOH, and the product was precipitated from 
the reddish alkaline solution Oy the addition of dilute HC 1. . The product ob­
tained was extracted with ether, the resulting ether solution was washed 
with water and dried, and the ether was removed under vacuum. A yellow 
oil was obtained which crystallized slowly. The crude product was purified 
by sublimation (160 0 /1 mm). Yield: 760mg (76%); mp 185-1860 ; after 
resublimation, 186 0 • Diacetyl derivative (pyridine, acetic anhydride, 
purification in acetic acid), mp164~165°. . 

Anal. of tetrachlorobiphenol: Calcd. for C lZH6 OZC 14: . C, 44.48; H, 1.86; 
C1, 43.77. Found: C, 44.55; H, 2.01;CI, 43.75. The titration of the 

. tetrachlorophenol byla1k81igave 1.98 phenolic hydroxyl groups. 

Preparation of Z,Z', 3,3', 5,5', 6,6'-octachloro-4,4' -biphenol 

This compound (XXV) has been described by Smith, 9 but it is believed 
to be a mixture of different octachlorobiphenols. Here, a different method 
of preparation was used. The tetrachlorobiphenol (0.5 g) was dissolved in 
CHC 13 (30 cc). A rapid current of chlorine was.pa.s·sed fh:r()~$~ th~ .. solu~ion 
for 10 min. The excess chlorine and chloroform were removed under vacuum. 
The crystalline re sidue waspu~ri:£ied by sublimation (ZOO<?/h-;..:rrnh),' to;.give 660 mg. 
Yield;; 95%mp 237-Z37.5 0 ; .pure product, mp Z38°; 

Anal. Calcd. for CILHZ02Clg:, C, 31.Z; H, 0.43; Cl,bL-4" ~Fou!1d: 
C, 31.07; H, 0.69;-cl, 01.42.' . 

The diacetyl de rivative was p:repared. wHh ~hot .aGetic. aphyd..;d~cte ... 9r~¢l a 
drop of HZSO 4 and recrystallized fro.ma·cetic acid,inp~ 1.95°. 

Anal. Calcd. for C16H604C18:C,35 .. 2';. a,I.l; CI, 51.96. Foun.d:. C, 

35.36; H, 1.Z7; CI, 51.84. 
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Preparation of 2,2' 3,3: 3~3',S,S', 6,6' -decachloro:"3;3\ ;4,4'­
tetrahydro-4,4' -diketodiphenyl 

The tetrachlorobiphenol (2S0 mg) was dissolved in acetic acid (2S cc) 
and a rapid current of chlorine was passed through the hot solution until 
saturated (1/2 hr). Then 7 cc of water was added and a crystalline product 
precipitated on cooling. The product was washed with water and dried. 
Yield: 390 mg (96%). mp 190- 191 0. It was recrystallized from boiling 
acetic acid-water, mp 191.S-192°. It is soluble in Acon, ether, CHC1 3; 
less spluble ion alc0401. , 

" .. ~ r "", 

. ',). '.: .~.. ,,'1. ;.; '\1.:: ;,'{ , ; ..... y, ~;.;; ,',;':'( ".~ ~',},~~r~! i':~f-.-,\j.,: '.";71"'.(1 ()i;;"~'! ,;-i~.'lt,/; ,"') '\f~ _ .. :.' '!' " 

Arial.,,', C~lcd,.: for"S 1 Z~Z,s:,~;tO\. ',S~',: 2:[,1 S'; Jl,Op;" :~l/d 6;~t<~~lr~" _;~8~~di '<: ",.2 7 '~'7.; 

H, 0 AS; "Cl;'~ J 66 :,t~L .. '~' ,'; '~: ~,;,;,', ::,:',,~'~;'~: ~" ,L) ;;':> b'~~ ,', ,'c:' .' '~: c: :'."/J;:' 1,; " """ ,"Z i'):; ••.. 

. ,T'his,'product c,ould 'he 'obtained'also',by' adibn,oLthe sa~~ re~gent 

(2fl1~rin~:1~,.~C9t:).',b~,i.hl'~:~~~:f~~~~,r~~i~~~?(Vtl:~~.th:! ',y~~ld;?(?2~o~',;'; :), ..... ",'1, 

, "'" .',,,- . ~ . ~ ". ,- "'t:: '-'~, .,;. _, .r-l'\' ",.,._,,-~._ "l [''-'J ."t. 

Reducti0r!0f' the Deca.chlor9'eo!l\pOu,P:~:' '('X;XXI~I)· .. , 
"i: 

l.By Zn and A'~OH: '24 ~g of the'c,6rripd~H~iw~s;HiSs,oiv~,d\n:,r,1~'cri~¢~.'t1,< acid. 
_ _ -. - .-.,. ,"' ,. ~ .... _" . ,. /" "',~ .• , .• -b " ... ~-, , .. ,. Co-:-': -. ) 0:;, r ' .. ' rf i • .I, (' " ", . , . _ C-s (.,j - :' , " 

The solution was decbldfize'q by:b'bllingJfdr.~2jnin '~,n;.th,e p~!es~nc~:o,f ~zin'c'PQw-
de r, than 2 cc' !6f\vate r;~"cis adde'd'rib pre'tiphite ;th~ produ(?C', ~held':, ' 9 i%,' . 
mp 2'340;' ,': ','j';:, 'r' ,>,( :?,"'-I~: " :';,,':',1" r"~:'~':l:~,C,I::~"1;'[T;~'i'\';I\,,·:,~·rl,r:';·'(;:1 iO;i 

. ;. 

".- _:.:., •. -1" _,' ,~_.,_ .:, ~t; , ','0"1 -:-4;"i·:!~·\.~_·,;;:~i,i", ;., ;:.",,~f. :-.~" ':ri~: ~ '-". ',J ~ +' 

2. By alc'oh61: 'This reactibh ha:s'b~e,ri.·.sfuti;i~dJ)i\iy·.as: a '}l,ir tti on , q( t~;ij:le., 
The decachloro compound (4.B mg) wb.!t Hri;Polved in'S()'cc"of alcohol arid the 
uv .. , sBectrur;.:t, '7'}iS ,t)aken :{r.9l:n}imr }g. tiT:?~"; _)T~e" ;r;~~~t~:9:q,~,~,~r-;q9wg~ete . 
after 24hr. The same :behavlOr. td'wa1"d alC0h:61 has beep oQse r-y,ed w).ththe, ., 

~ " - '1--" -;~'. ': '. "~': .r t, ' ,.t. ,.'~. ,,~. """~"::-"'I':'--'~ 'i' ~ 

hexachloropheriol, but' the·readion·wa:g'much- slowe'r-Jab:ou(~,BO 'h,r): ',~' ," 
·'(,".l .. _ ."-. ':I:'·;,l·f ~J~.~t.)f'';'~ ,·-·:c 'H,:,J.l 0':"'':'''-''~ ;.i"_'~:!_ -.~~ ~":~f:'·~,<,.~·-:'l~)r'·~- ;':-\ t \ 

Action of Silver on the Decachloro Compound (XXXIII) 
I'--:.I.-... :,.,~' I,:, " f f;. ,_L r;. F~ \" .r'!':~;;~(:~':f;'-::, 

The 'active' siiveTwa:s'prepare'd'"byeye-du~''t-i(H1:of~:Aicl'ih''alkaJine 
s,olution"of hydroxylamine;.?,; The ;reflction;,,)V,afl,};:;arfr.i~~df 0l,l~'!).l,n4~rt;nit;~ogen 
freefrQ1Tl- ~~ygelnjip,anhydr;ous, bs~:nz~w,yr,:!;w:h.~c.h: :h;a,d!p~e.n.}~l;:r~eg 9Ytd~.1? ti1Uatipn, 
from, :tnetaL,~.etyl,of benzophe,n,one"i'Ic:T.~,e,,,n}H'''Hg,en[)v.'as BtH:~fi~:<l"bY':R<;l.;S.sj,QK '. 
thr01+gh Fie,se:r'ssplution, "tl1rough an,aque·~us.;,s,Ql~utipnof.leC\-d aG:eJ;a:t~e, 

. ,thro~,ghc<?n~ep:t~':lte,d H2SQ~: c,Clrri(tfin~.th ~R-i1(,cJHgh::~iS.ql~t;i'9;~'9~ :p;r~taLp~,tyl of, . 
qenzoph.enone}n ,e the,r ... ,.Tlie, bl'lle-:co1.or, ::of,~pYi·e,Jf1efr;,:s..,01-11;t,~~p.-_Lnd~lqa:te4the ,.;' 
absence of oxygen and wate,:r..,., _,; ... ,;._.:,:~ :_ .. ;,,:,' " "., , ': 

In a tw,p",armed"flas:k v;r~s'ipl~~e~'?-:f:;o~u,.tion o!!,59,!ng of ·nW dec:aG.hlor.o 
compound in 25 cc of benM.ene and SOO mg of acti;y;e ~~lvy:;r. :fN~trogenWi<;l.~ 
bubbled through the suspension for 1/2 hr. Then the flask was cooled at 
_BOoC, the two arms we re'\'lyaleq" i,an,dJthe(,nas~ Wa;s.,s,qalsy/n: :f~)r:16-hr :at 
room tempe rature,.( ,No r-eaG:-~i9r~Sy~rp.ep',tp'jhftv,e [o'g_(H;l,r':r~q,<:, s,'rhe, s.i:lYler, was 
filtered off and washed witli' ether, and the solvents were removed tb give a 
ye Uo'}' crys~,aJlin~ .:'substa:n.ce~: iTb.e 1.ly:,: ~pe:gtrurp:':~hiow:e,d :that ;this c:o-mpouIld 
was the unchanged starting materiaL Heating 'a m1xblt'e' of the decachloro 
compound with active silver under vacuum (200 0/1 hl.Iri) resulted onlY-in' 
sublimation of the starting materiaL 
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Attempts to Prepare the 3.3 1 -dibromo-2,2 i
, 3,3' ,5,5', 6,6'­

octachloro-4,4' -diketo-3,3' -4,4' -tetrahydrodiphenyl- . 

1, The addition of bromine to a boiling methanol solution left the octachloro-
\ 

biphenol unchanged. 

2. The addition of bromine to a cold or boiling acetic acid solution of biphenol 
gave no reaction, 

3, The addition (of bromine to an acetic acid selution of biphenol in the presence 
of a 15% excess of sodium acetate at 10 0 for 12 hr gave no crystalline products. 

4, Reaction (3) was carried out with twice the quantity of sodium acetate for 
8 days, A yellow precipitate. insoluble in alcohol, chloroform, benzene, 
boiling acetic acid, or water, was slowly formed. This product did not melt 
at 310 0 and could not be sublimed. It was probably polymeric. 

Preparation of 2,2 1
, 6,6 1 -tetrachloro-3,3', 5,5' -tetrabromo-4,4' -biphenol 

Fifty mg of tetrachlorobiphenol was dissolved in 5 cc N NaOH. To this 
solution 100 mg of bromine in 10 cc N NaOH was added. Theyellow solution 
was rapidly decolorized. After half an hour it was neutralized and extracted 
with ether. Afterr~moval of the ether, ~he residual oil ,crystallized slowly and 
was sublimed at 200 /1 mm mp 251-252. The product was recrystallized 
from aqueous alcohol (50%), mp 257 _258 0 with decomposition. ' 

AnaL Calcd. fo~ ~12H202.C1ABrA: ~, 22.4; H, 0.32; Cl,'22.18; Br, 49.80. 
Found: C, 22.75, H,. 0.4\f, Gl, 2"1.5, Br, 48.2. . 

(Bromine was calculated assuming that the molecule contained four 
chlorines. ) 

Attempts to Prepare the 3,3', 5,5' -tetrabromo-2,Z', 3,3', 6,6':" 
hexachloro-4,4' -diketo-3,3 U

, 4,4' -tetrahydrodipheny1 

L Action of an excess of chlorine on the biphenol in an .acetic acid solution 
at room temperature gave the decach1loro compound previously describ.ed. 

2, The technique of MuUer, 5 i.e., action of chlorine in a solution of biphenol 
in MeOH, AcOH at -zooe. yielded 99% of the deci:l.ch'l.oro compound. 

Preparation of 2,2' -dimethyl-4,4' -dinitrodiphenyl 

T2bs compound was prepared according to the procedure of She rwood and 
Calvin. The product wasrecrystaUized from ethanol in the presence of 
charcoal. Yield: 30%, mp 170 0 

. 
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Preparation of 2,2 1 -dimethylbenzidinehydrochloride 
. . 

This product was preparedby two meth;)ds: 

l.By reduction of 2,2' -dimethyl-4,4 1 -dinitrodiphenyLNine hundred mg of 
dinitro compound was dissolved in 25 cc ethanoL Then HC I and Zn were 
added to the boiling solution until the reduction was complete (1. 5 hr). The 
solution was neutralized with Na

2
C0

3
and extracted with ethe t, which was 

evaporated to dryness. The resloue from the ether extract was dissolved in 
dilute HCI and the hydrochloride was precipitated by the addition of concentrated 
HCl. Yield: 600/0. 

21 
2. Preparation according to the method of Schultz and Rohde and purifica-
tion as above.· Yield:· 800/0. 

Anello Calcd. for C14H16N2C12: C, 58.95; H,6 .. 36; N, 9.82; CI, 24.86. 
Found: C, 59.11; H, 6.27; N, 9.75; Cl, 24.66. 

Preparation of 2~ 2 Idimethyl-4,4 1 -biphenol 

This compound was prepared according to the method of Brockmann and 
Dolars 22 and recrystallized from benzene. Yield: ·900/0, mp 116°. 

Preparation of 2,2 1 -dimethyl-5,5 1 -di-t-butylbiphenol 

According to the method of SHllson, Sawyer, and Hunt~g 6f dirh~thY.l~":2,-2I­
biphenol was diSsolved in 70 cc benzene at 60 _70°, then 0.1 cc of concentrated 

'I sulfuric acid was added and isobutylene passed through the solution by means 
of a sintered glass bubbler for 6 hr. 

The solution was washed three times with 2 N NaOH, dried and concentrated. 
The resulting crystalline colorless product was contaminated with an oil which 
was absorbed by pressing the product between filter paper. The white crystals 
(1.75 g) obtained were sublimed at 170-200 0 under 1 mm. Yield: 1.3 g (410/0), 
mp 213-2140 • 

Anal. Calcd. for C22H3002: C, 80.9; H, 9.26. Found: C, 81.05 and 81.09; 
H, 9.65 and 9.04. 

This biphenol is soluble in benzene or ether, and insoluble in 2 N NaOH. 

Oxidation of Biphenols 

Solvents used: benzene, purified as indicated above; ether; anhydrous 
Merck, dried over sodium, then distilled and kept over sodium; water, distilled; 
acetic acid, analytical reagent. Nitrogen was free from oxygen (see above). 

. . 
1. Oxidation by active lead dioxide in moist ether at 0 0

• 3 The lead dioxide 
used here and in the following weriments was prepared according to the 
technique of Kuhn and Hammer by hydrolYt;;is of lead tetraacetate. 
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Technique of oxidation and results: 10 to 15mgof phenol wa'Sdissolved 
in 25 cc of moist ether, cooled at 0 0 , then shaken at 0 0 with 1 gle'addioxide 
for 5 min. The following results were obtained. 

«1 C1 C1 C1 

Ho-R-H-OH 
~1' enl 

- weak violet coloration, disappearing 
in a few minutes. 

- strong blue coloration, disappearing 
in 20 to 25 min. 

- no coloration, but polymers. 

- no coloration. 

- no coloration. 

-no coloration. 

- deep red:coloratiori;., . stable, s.eVe :fa.l 
hours. 
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2. Oxidation by silver oxide,' prepared according to Willstatter
10 

in anhy-. 
drous ether with dry sodium sulfate. 

3. Oxidation by lead dioxide, preparJ'!d as above, in anhydrous ether or 
benzene, in air or under nitroge!!. 

4. Oxidation with, potassium ferricyanide in alkaline solution: 5 The reaction 
was carried out in a IOn -cc two-necked flask with 100 mg biphenol in 15 cc 
benzene. The flask was cooled to _80 0 and then a solution of 1 g potassium 
ferricyanide in 5 cc 2 N KOH was added under nitrogen. Nitrogen was passed 
through the flask for 1":5 min, then the flask was sealed and shaken at room 

. temperature., Results of the reaction were observed by uv spectrum. 

Oxidation of 2,2 i,-dimethyl-5,5 i -di-t-butylbiph-enol 

In all the experiments alarge excess of lead dioxide (5 to 10 times) 
was used. 

Spectral and ESR Studies on Solutions 

L ,Concentration 3 x 10 -5 mol/liter. A solution of biphenol in benzene or 
ether (Curve 1, FIg. 3 and Curve 1, Fig. 13) was shaken with lead dioxide 
directly in the quartz cell of the spectrophotometer for 2 to 30 min. Then 
the cell was centrifuged for a few minutes and the optical spectrum was taken 
immediately. The reaction was complete after 2 min. The same results were 
obtained when the experiment was carried out in an atmosphere of ~itrogen. 

2., Concentration 10- 3 mol/liter. (Curve 2, Fig. 3) A special apparatus 
(Fig. 14a) was aesIgned whIch made it possible to use the same sample 
of solution for optical andESR spectra. The solution was free of lead 
dioxide and oxygen. The thickness of the pyrex optical cell was 0.25 mm. 
After the solution of biphenol was introduced into the flask, the apparatus 
was sealed at (a) under high vacuum and the solution was frozen in liquid 
nitrogen. 'Then the apparatus' was tilted in such a way as to allow the iron 
weight (d) to break the thin wall (c). The liberated lead dioxide was poured 
onto the frozen solution, the flask was seated at (b), and'the solution was 
heated up to room temperature. After the solution was shaken 2 min to lead 
dioxide was centrifuged, 'and when the apparatus was turned upside down the 
solution filled the optical cell (e) and the side arm(f), making it possible to 
take the optical spectrum through (e) and the magnetic signal on (f). Result: 
). = 4450 R,~' = 39,600. ESR signal: 1 electron for 1000 to 2000 max max ' 
molecules. After longer shaking (5,10,30 min)' a decrease of' ~ was , . max 

. observed, but there was no appreciable change in the' ESR signal, indicating 
that the reaction was complete in less than 2 min. 

3. Concentration greater than 10 -3 mol/liter. Reactions were carried out 
unde r vacuum In the apparatus shown In Fig. 14b. After 15 min of shaking 
(enough ti:qJ,e to insure a complete reaction in all cases) the apparatus was 
centrifuged at 1000 rpm for 1 min and the red solution decanted into the 
side arm where the ESRmeasurem,ent could be taken directly. To take the 
optical spectrum the 'apparatus was opened at (a) and an aliquo't of the solution 
was rapidly diluted with the adequate amount ofbehzene previously placed in 
the cell of the spectrophotometer (Curves 3,4,5, Fig. 3,FigA, Fig. 11, Fig. 12). 
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Fig. 14. (a) Apparatus to study ESR. signal and optical spectrum 
of the quinone' LI in dilute solution under vacuum. 

(b) Apparatus to study ESR signal of quinone LI in 
concentrated solution. 

(c) Equipme~t fo~ temperature -dependency study of the 
hindered polymeric quinones.· . 
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4. Titration of the solution (10 -3 to 10 -2 mol/liter). The oxidation was 
carried out by shaking the benzene solution with potassium fe rricyanide and 
2 N sodium hydroxide for 15 to 30 min. The solution was washed with water 
ana an aliquot was added to sodium iodide in acetic acid. whereupon the color 
of the solution changed from red to orange. This solution was titrated with 
0.10 N sodium thiosulfate. Results: 0.24, 0.4, 0.44,0.42 oxidation equivalents 
per molecule. The first measurement was made under pure nitrogen. Theory 
for the quinone LI;: 2 equivalents; for the dimer, 1 equivalent; for the trimer, 
0.66 equivalent. 

Action of p,p' -biphenol on the Hindered Diphenoquinone LI 

The diphenoquinone LI Swas prepared by shaking a benzene solution of 
the hinde red biphenol (3 x 10 - M) with lead dioxide for 4 min. The orange 
solution ( lL,.. = 44,500) was ad<red to an ether solution of biphenol 
q' mol for tUru,'ol). The spectrum of the resulting solution was taken from 
time to~ime (Fig. 6a) until the completion of the reaction. 

The concentration of quinone LI was calculated from the initial amounts 
of hinde red biphe nol. 'The amount of the diphenoquinone produced wa:s calculated 
from the ~. of the absorption band. . 1 . 

Action of p,p! -biphenol on the Polymeric Diphenoquinones 

-The quinoneswerefprepared by shaking under vacuum'for .15 min a 
ben.zene solution of hindered biphenol (O.OIM) with lead dioxide (Fig. 6b). An 
aliquot of the re sulting solution was diluted'"TOOO times and added to the same 
volurIl«;! of an ether solution of biphenol (7 mol per mol of initial hindered bi­
phenol). Th¢ reaction was followed by uv spectrum as above .. Calculations 
were made on the same basis. 

Ac tion of Hinde red Biphenol XLIX on the Hinde red QuinoneLI 

1'he quinone LI was prepared in dilute solution as above (Curve 1, Fig. 8). 
Its decay in benzene (Curve 1, Fig. 7) was followed by the decrease of the 
~ . at 4440 if. (Curve 4, Fig. 8): 20 cc of a solution of diphenoquinone LI max 
(c = 3.07 x 10- 5) ~as mixed with 10 cc. of a ~olution of the hindered biphe80l 
(same concentratlon). When the reactlon mlxture was heated at about 60 
for 40 min there was a 900/0 decrease in the absorption band, then the solution 
was shaken for 2 min with lead dioxide and the spectrum was taken again. 

Temperature -Dependency Study, .. 

The· reaction was pe rformed in an apparatus similar to B (Fig. 14) 
having a side arm of 3 mm diameter. The side arm was sealed. off and placed 
in the apparatus (C) as is show.n in Fig. 14. The apparatus was previously 
standardized with a thermocouple. The heating system consisted of a hot 
stream of air at various temperatures. The intensity of the ESR signal and 
the corresponding temperatures were recorded. (Fig. 10). 

."' 
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Red Glass 

1. Oxidation with lead dioxide: One hundred mgof biphenol was dissolved 
in 30 cc of benzene and the mixture was shaken in the presence of Z g of lead 
dioxide for 15 to 30 min. After centrifugation the 'solvent was removed under 
vacuum at room temperature (lO-ZO°), giving a red glass, which was left Z 
hr under 1 mm pressure before analysis. . 

Oxidation under nitrogen: The apparatus was c.omposed of two flasks 
connected by a piece ofsintered glass to filter the lead dioxide (Fig. 15). 
After the apparatushad,:beenfilled with pure nitrogen and sealed at (a), the 
reaction was performed in Flask A, 'the solvent was filtered into Flask B by 
pressure of the nitrogen; B was kept at 10 0 and A was frozen at-80 0 , under 
vacuum, and the benzene was distilled in to A. AI red glass was obtained in 
B and dried under 1 mm pressure. 

Z. Oxidation with potassium ferricyanide: The same solutions of biphenol 
were used. The oxidant was a solution ofZ g of potassiumferricyanide in ' 
ZO cc of Z N sodium hydroxide. The two solutions wer~, shaken together for 
15 to 30 min and the layers were separated. The benzene layer was washed 

I with water, dried over sodium sulfate,' and evaporated at room temperature 
under vacuum, giving a red glass. 

Oxidation under nitrogen (pure nitrogen was bubbled through all solutions 
and solv'ents before they were used): 'The reaction was carried out in a special 
separatory funnel (Fig. 16) filled with nitrogen and kept at 10 0 • After being 
shaken in the separatory funnel for 30 min the layers were separated; the 
red benzene la'yer was washed with boiled water, then dried over sodium sulfate 
in an' apparatus (Fig. 15) filled with nitrogen; it was then filtered and evapora­
ted as indicated above, giving the same red glass. 

'Anal. Calcd. for CZZHZ80Z: C, 81.43; H, 8.69. Found: (I) e, 80.05; 

H, 8.67. (II) C, 81.67; H, 8.7Z. (III) C, 80.20; H, 8.93. (IV) C, 80.39; 
H, 8.93. 

(I) was prepared by oxidation with lead dioxide in the presence of air 
and dried at room temperatur~. (II) was prepared by oxidation with potassium 
ferricyanide under nitrogen a6d dried at 350 • (III) was prepared by oxidation 
with potassium ferricyanide under nitrogen and dried at room temperature. 
(IV) was prepared by oxidation with lead dioxide under nitrogen and dried at 
room temperature. 

Preparation of 3,3' -dimethyldiphenoquinone 

This compound was prepared by boiling a solution of 3,3' -dimethylbiphenol 
(34 mg) in Z cc of benzene with lead dioxide (700 mg) for 5 min. The lead 
dioxide was separated and extracted several times with boiling benzene. The 
resulting orange solution was co~entrated to 5 cc yielding 15 mg of quinone 
(dark red needles); ).. = 4090 J? :I: = 65,000 (Benzene). max max 
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products 
and t, solutions 

MU-11597 

Fig. 15. Apparatus to prepare the hindered diphenoquinone in the 
solid state by oxidation ~ith lead dioxide. 
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Fig. 16. Apparatus to prepare the. hindered diphenoquinone in the 
solid state by oxidation with ferricyanide. 
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Preparation of Diphenoquinone 

This compound was prepared from p,p' -biphenol by the procedure 
described above. Dark orange needles resulted;" = 3985 R ; . max 
~= 53,200 (benzene). max .. 

All spectra were taken with a Cary recording spectrophotometer 
(Model 11 or 14) at a concentration of approximately 10 -4 M. Electronic spin 
resonance absorption measurements ( ESR) were performeawith equipment 
built by Dr. Power B. Sogo of the Radiation Laboratory. Analyses were 
performed by Dr. Charles Koch of the Microanalytical Laboratory of the 
Department of Chemistry. ' 

This work was performed under the auspices of the U. S. Atomic 
Energy Commission. 

• 

II 
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