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HINDERED DIPHENOQUPNONES: DIRADICALS O F  OXYGEN 

J e a n  Bourdon and Melvin Calvin  

Radia t ion  L a b o r a t o r y  and D e p a r t m e n t  of C h e m i s t r y  
Unive r s i ty  of Cal i fornia ,  B e r k e l e y ,  Ca l i fo rn ia  

July 1 0 ,  1956 

ABSTFUCT 

At tempts  w e r e  m a d e  to  p r e p a r e  a diphenoquinone having subs t i tuen t s  
i n  2 ,2 ' -pos i t ions  in  o r d e r  to p reven t  the p l a n a r i t y  of the molecu le  and  g e t  a  
d i r a d i c a l  of oxygen. The  2,2' -dimethyl  -5,5O -di  - t  -butyldiphenoquinone was  
p r e p a r e d  and was  shown to  be  i n  equ i l ib r ium w i t h  a s m a l l  amount  of 
d i r a d i c a l .  Th i s  compound s lowly p o l y m e r i z e s .  
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HINDERED DIPHENOQUINONES: DIRADICALS O F  OXYGEN * 
,Jean Bourdon and Melvin Calvin 

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

July 10, 1956 

INTRODUCTION 

It seems c l ea r  that the two rings of the diphenoquinone ( I.) a r e  coplanar 
and that the existence of the central  double bond i s  responsible f o r  this 
coplanaritv. If this coplanarity i s  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 i f  one introduces in the 2 ,2 '  positions any 
substituent which, by s t e r i c  hindrance, obliges the rings to rotate from a 
common plane, thus allowing the existence of only a single bond between 
them. 

L I1 IIIa 

IIIb IIIc 

The diradical I11 would be stabilized by resonance of the different 
l imit forms IIIa, IIIb. In fac t ,  such s t ruc tures  exist: the p,p'  -diradical 
derived from Tchitchibabinss molecule in which a r e  introduced in the 
2 , 2 ' ,  6,6' -positions substituents such a s  methyl o r  chlorine IV and V. 
These compounds --isolated in the solid s ta te  by ~ h e i l a c k e r '  and Muller,  
respectively- -give good examples of diradicals  resulting from non- 
coplanarity of the diphen yl skeleton. 

* 
Fulbright Fellow, 1954- 1956. 



These products,  a lmost  color less  in the solid s ta te ,  a r e  deeply colored in  
solution ( r ed ,  blue, o r  green);  this phenomenon corresponds to an 
equilibrium between the d imer  (colorless) ,  the quinoid, and the diradical  
(colored) ,  the proportian of diradical increasing by dilution o r  by heating. 

The existence of f ree  radicals  of oxygen has been definitely establ ished 
in  the mechanism of oxidat'on of phenols; therefore the different f r ee  3 radicals  VI ,  VII ,  VII I ,  IX ,  X have been supposed to be intermediates  in  
oxidation of corresponding phenols, oxidation giving usually a d imer  a s  

I 4  final resul t ,  for  instance XI o r  XI . 

VI VII VIII IX  X 

Some of these free radicals  (VII,  VIII,  IX ,  fo r  example) made their appear  - 
ance a s  a fugitive coloration during the reaction. Some others exis t  in  
solution in a state of equilibrium with the d imer ;  fo r  example,  the 
phenanthryl XI1 (F = OEt, C 1. . . ), which exis ts  in the solid state a s  a 
d imer  XIII ,  dissociates par t ia l ly  in solution into a f r e e  radical (green) .  

XI '  



5 And recen t ly ,  M u l l e r  i so la t ed  a r e a l  f r e e  r ad ica l  of oxygen i n  the sol id  
s ta te :  T h e  t r i - t -butylphenoxy XVI w a s  obtained b y  oxidation of the c o r r e  - 
sponding p h e n o r  o r  b y  r e m o v a l  b y  s i l v e r  of a ha logen ( c h l o r i n e  o r  b r o m i n e )  
f r o m  the halogenated compound XV. 

XIV xv 

XIV xv XVI 
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Muller explained the relative stabili tv of this f r e e  radical  by the s t e r i c  
hindrance introduced by the t-butyl groups, which prevents  the approach 
of reagents to the molecule. -In fact ,  this f ree  radical ,  deeply blue in  the 
solid s ta te ,  decolorized rapidly in  the presence of a i r  by format ion  of 
pe roxide XVII . 

6 
Cook prepared,  i n  the same way, some s imi l a r  stable f r e e  radicals  

(XIX), and showed that these f r ee  radicals  could ex is t  when the o-  and 
p-position were substituted to prevent dimerization and when there  was no 
Fvdrogen on the a-carbon. Thus, with a, H present ,  the 2,6-di-t-butyl-4- - 
methyl -phenoxy gives the d imer  XVIII. 

XVII XIX 

T ri - , -am yl t r i  - t-am yl 
bi &-but yl rnethoxy 
b i  -&but yl butoxy 
bi &-but yl e thoxy 

XVIII 



EXPERIMENTS AND DISCUSSION 

All these observations encouraged the presumption that i t  should be 
possible to obtain a diradical  such as  III. As a mat te r  of fact ,  the 
dianthrone XXa, which gives a yellow solution a t  room tempera ture ,  gives 
green  solutions when heated to 265O. Some authors7 explained this '3ehavior 
by the existence of the diradical  form b, and LCAO-MO calculation 8 

suggests that bianthrone would ex is t  in a t r iplet  state by rotation of one of 
the anthracene r ings.  On the ot e r  hand, some other compounds B (XXI, XXII, XXIII, XXIV, XXV) derived from 2,2' -disubs tituted dipheno - 
quinone have been reported and described a s  having a quinoid s t ruc tu re ,  
but no rea l  proofs of s t ruc ture  were given and no studies on the proper t ies  
of these products have been done. 

XXI 

OCH X 

0 =a = 

/ 

XXII XXIII 

X XIV 

X = B r  or  Cl 

XXV 



Therefore  we proceeded to the synthesis of a biphenol, 2 , 2 ' ,  6 , 6 ' -  
substituted, without ambiguity in  i t s  constitution and potentially able to give 
by oxidation the expected diradical of oxygen. 

The diradical whose preparation was f i r s t  attempted was the te trachloro 
2 ,2 ' ,  6 ,6 '  -diphenoxy XXVIIa, which could be obtained by oxidation of the 
corresponding biphenol XXVI: 

XXVI XXVII 

The method chosen for  the synthesis of the biphenol i s  the following: 

XXVIII XXIX XXX 

C' \ HNO 

NH2 -0 - D-NH. ) Biphenol 

. .- - - 
\ 

H2S04 

C1 C1  

XXXI 

The compounds XXIX, XXX, and XXXI had been prepared by other  authors  
using different methods, but the process  used he re  gave bet ter  yields and 
the products obtained were much eas i e r  to purify than with the previous 
methods . 

The s t ruc ture  of the biphenol was fur ther  established by i t s  spec t rum 
(Fig.  l ) ,  s imi la r  to the spectrum of the pentachlorophenol and differing 
from that of biphenol and 3,3' -dime th ylbiphenol. 



*In cyclohrxone- Friedel and Orchin 

U.V. Spectra of aromotic compuunda 

MU- I 1583 

Fig. 1. Ultraviolet spec t ra  in alcohol 
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Oxidation of the Tetrachloro 2 , 2 ' ,  6 , 6 '  -biphenol 

(XXVI -->XXVIIa o r  b) 

The usual oxidizing agents were t r ied,  but without success ;  the 
biphenol remaining unchanged (s i lver  oxide lo o r  lead  dioxide in  anhydrous 
e the r  o r  benzene, lead dioxide in moist  e the r ,  f e r r i c  chloride in  acetic 
acid,  potassium permanganate in  alkaline solution). Potass ium permanganate  
i n  acid solution completely destroyed the molecule,  a s  was shown by uv 
spectrum. 

Then the action of chlorine was t r ied,  i n  the expectation of the formation 
of the oc tachlorobiphenol XXXII, which, by furthe r oxidation. might give 
the diradical XXXV. Chlorine in chloroform gave the expected 
octachlorobiphenol XXXII. 

- - -  

XXXIII 

XXXV 

XXXIV 

The s tructure of octachlorobiphenol XXXIP was  confirmed by i t s  uv 
spectrum (Fig.  l ) ,  s imi l a r  to the spec t rum of the pentachlorophenol. 
Chlorination of e i ther  tetrachloro - o r  octachlorobiphenol i n  acetic acid 
solution gave a decachlorinated compound fo r  which two s t ruc tures  were  
possible: XXXIII and XXXIV. Reaction with zinc and acid gave the 
octachlorobiphenol, showing that the dephenyl skeleton had been preserved .  
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The o-quinoid s t ruc ture  XXXIII was established by uv spec t rum 
(Fig.  2).  The spectrum of the decachloro- i s  effectively v e r y  s imi l a r  to the 
spectrum of o-benzoquinone and quite different f r o m  the s p e c t r a  of hexa-  
chlorophenol-XXXVII and p-benzoquinone . In fact ,  the o-  quinoid s t ruc ture  
i s  more  probable, according to the s t e r i c  hindrance in  th; p-quinoid s t ruc tu re  
XXXIV . - 

XXXIII 

It  should be noted that the decachloro compound XXXIII i s  slowly 
reduced to octachlorobiphenol by alcohol a t  room tempera ture  (complete 
reaction in approximately 24  hours ) ,  showing the s a m e  behavior  a s  the hexa-  
chlorophenol XXXVII toward this solvent. This reduction i s  approximately 
ten times a s  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 s e e m s  even l e s s  sensitive 
toward oxidizing agents than  the^ tetrachloro. 

None of the following reagents gave any coloration of the solution--that 
i s  to say ,  formation of a radical-- lead dioxide in mois t  e the r  o r  i n  benzene, 
alkaline potassium ferr icyanide in benzene under nitrogen, potassium di -  
chromate in boiling acetic acid with t races  of sulfuric acid, potassium 
permanganate with sulfuric acid. Most of the time, the biphenol was lef t  
unchanged. The action of aqua regia f r one month a t  room temperature ? according to the method used by Smith to prepare the s a m e  product,  was 
he re  completely unsuccessful; the starting mater ial  was recovered un- 
changed. 

Thus neithe r the diradical XXXV nor the dibenzoquinone XXV 
could be obtained because of the strong resistance of this biphenol toward 
the oxidizing agent. 
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After  these fa i lures ,  another completely different method was t r ied.  
This method consisted in  the removal of two extra  atoms of chlorine f r o m  
the decachloro compound XXXIII by action of s i lver  i n  benzene solution. 
F o r  this reaction we r e fe r  to the reaction used by ~ u l l e r ~  to prepare  the 
tri-t-butylphenoxy compound. Here  a f te r  18 hours of agitation of the solution 
with-active s i lver  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 a toms,  a s  in  XXXVIII. 
This compound might be obtained by bromination of the octachlorobiphenol. 
Several  methods were used, a l l  unsuccessful,  the only product obtained 
being a substance with the propert ies  of a polymer. 

XXXVIII XXXIX XL 

Next we t r ied bromination of the te trachlorobiphenol to get  XXXIX, followed 
by chlorination giving XL, which possesses  the des i red  chlorine and bromine 
on the same  carbon atom. The te trabromo compound XXXIX was obtained 
by action of bromine on tetrachlorobiphenol. Then the chlorine was allowed 
to reac t  in  MeOH-AcOH, and even a t  -20° the bromine was replaced b y  the 
chlorine with production of the decachloro compound XXXIII previously 
described. 

F r o m  all  the foregoing observations a r i s e s  the idea that perhaps the 
presence of the electronegative chlorine prevents the oxidation of the b i -  
phenol and the formation of the diradical.  

F o r  cornparion, the oxidation of'pentachlorophenol was studied in  the 
l i t e ra ture  and some experiments were done: 
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IN ALCOHOL (1) -.-.-.-. 
IN CYCLOHEXANE (2)  ---- 

IN CHLOROFORM (3) ---------- 
IN HEXANE (4) ---- 

IN ALCOHOL (5) ------ 

Fig .  2 .  Ul t raviole t  s p e c t r a  of decach loro  compound and analogues  
(See F r i e d e l  and Orchin,  "Ul t raviole t  Spec t ra  of A r o m a t i c  Compounds , "  
John Wiley a n d s o n s ,  p. 77; Goldschmidt ,  B e r .  61,  1868 (1928)).  - 



Most of the strong oxidizing agents ' transform pentachlorophenol into 
chlorani l  by removal of p-chlorine. The s a m e  resu l t  i s  observed with s y m -  
trichlorophenol. Suc l i resu l t s  could not be expected fo r  the oc tachlorobiphenol. 
On the other hand, we did make some at tampts  to s e e  if i t  was possible to get 
the f ree  radical XLI  by oxidation of pentachlorophenol. 

XLI 

The lead dioxide in  moist  e ther  a t  o0 gave no coloration, and nei ther  
d id  potassium ferricyanide in alkaline solution, differing in this way f r o m  
tri-t-butylphenol. P u m m e r e r  reports  that the dehydrotetrachloro -p-creso l ,  
X-XI, a strong oxidizing agent, was without action on pentachloropTienol. 

So we tried to prepare  a diradical  f r e e  f r o m  chlorine and f o r  this p u r -  
pose  the 2,2' -dime thy1 -p -biphenol XLIl  was prepared .  The angle between 
the two phenyl rings ou$t to be sma l l e r  than with four  chlorine a toms ,  and 
i t  could be expected that some stabilization of the diradical  XLIII by the 
methyl  groups might be apparent. 

X LII  XLIIP XLIV 

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

CH3 I 
"33 

Zn HN02 

( 3 ~ ~ ~ ~ ~ ~ 0  -0 -zC H@ ) biphe no1 

dH 3 

XLV XLVI XLII 
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The alkaline reduction of m -  nitrotoluene by zinc and alcohol gives,  
d i rec t ly  a f te r  acidification, a very  good yield in  the diamine, which i s  t rans  - 
fo rmed  in biphenol in the usual way. 

The diamine XLVI has been prepared in another way: 

9 3  FH3 

0 2 N - 0 - N H 2  - .=\ 0 2 N ~ - . - N 0 2  - Hcl) chloride diarnine hydro-  

NHZOH 

XLVII XLVIII XLVI 

Oxidation of the 2.2' -dime thy1 -p,p' -biphenol 

(XLII) 

In contrast  with other biphenols, a reaction occurred ,  although i t  was 
not possible to see  any color  of a diradical. An insoluble brown polymer 
was  formed by action of potassium ferricyanide. This  polymer was mos  tLy 
adsorbed by lead dioxide when this reagent was used. The same resu l t  was 
observed even at low temperature (-80°) under pure nitrogen. 

F r o m  these observations we wer-e led to believe that the biphenol 
XLII was oxidized, presumably with formation of the diradical,  but this 
l a t t e r  product; too react ive,  could not even be seen and reac ts  rapdily to give 
d i m e r s  o r  polyrne r s .  

As suggested by Muller,  two t-butyl groups in  positions ortho to the 
hydroxyl increase the stability of thecorresponding f r ee  radical by s te r ic  
hindrance, in  preventing the approach of the reagents to the molecule. 

Therefore,  in o rde r  to stabilize the diradical  (XLIII) we t r ied to i n -  
troduce four t -butyl groups in the 3,5, 3',5' -positions of the 2' -dimethylbiphenol 
(XLII). Accoyding to the method of alkylation of the phenol,'5 isobutylene 
was  allowed to react  with the dimethylbiphenol a t  70° in benzene solution with 
a t race of sulfuric acid. But under these conditions, only two t- butyl groups 
could be introduced in the 5,5' -positions because of the hindrance of the two 
methyl groups preventing the substitution on the 3,3'-positions. 

The 2,Zq -dime th 1-5,5' -di -t -butylbiphenol, in accordance with the ob - 
servat ion by S t i l l s o n l l f o r  s imi l a r  hindered phenols, in not soluble in  dilute 
alkali  and could be purified f rom other phenols by use  of this property.  Its 
spec t rum (Fig.  1) i s  s imi l a r  to the spectrum of the 2,2' -dime thylbiphenol, 
showing that the two benzene rings a r e  not coplanar.  



Oxidation of the 2 , 2 '  -dime thy1 -5 ,5!  -di -t -butylbiphenol 

In contrast  to the other biphenols prepared  above, this one gives deeply 
colored solutions with oxidizing agents. Thus,  with lead  dioxide in  mois t  e the r  
o r  in benzene, we readily got a deep red solution stable f o r  severa l  hours .  
T h e  same resul t  was obtained with ,alkaline pokas s ium f e r r i c  yanide. 

According to our  hypothesis, these solutions could contain the d i rad ica l  
(L) o r  the quinone (LI) o r  a mixture of the two products  in  equilibrium 
L*LI o r  products of polymerization. 

In fact ,  studies of eieckronic-spin resonance (ESR) and of optical 
s p e c t r a  of these solutions showed that the reaction of oxidation was a complex 
phenomenon involving seve ra l  steps.  Most of this study was done in  benzene 
solution with lead dioxide a s  oxidizing agent. The solutions obtained were  
s omewhat more  stable when f ree  from oxygen; therefore,  many experiments  
were  ca r r i ed  out under nitrogen o r  under vacuum. 

A solution of biphenol in  benzene was shaken with lead dioxide until the 
react ion was complete. This was indicated when the principal absorption 
band of the spectrum reached an apparent maximum (about 15 minutes).  Re - 
su l t s ,  shown in Fig. 3 ,  a r e  quite different according to whether the r eac t  ion 
i s  done in dilute o r  in concentrated solution. 

In dilute solutions ( 3  x mol/li ter) the absorption spec t rum of the 
react ion solution exhibits one band (Fig. 3: Xmax = 4440 x, approxi - m a x  
mate ly  49,OOO), indicating that there i s  only one compound in the solution, 
which i s  - -as  will be shown l a t e r  - -the hindered diphenoquinone LE. When the 
concentration of the solution i s  increased (F igs .  3 and 4) ,  Xmax of this band 
i f  shifted toward the longer  wave length (4830 R) and Zmax dec reases  con- 

s iderably  and set t les ,  fo r  a saturated solution, to a value 0 f  16,000 (Fig.  4).  
A new maximum becomes apparent a t  5000 A), producing a broadening of the 
en t i r e  absorption (Curve 5, Fig. 3) .  It  i s  apparent that a polymerization of 
the hindered quinone L h c c u r r e d  with the increase  of the concentration. 

This  study wi l l ,  therefore,  be divided in  two parts :  (1) Study of the 
hindered diphenoquinone (produced in dilute solution), and ( 2 )  s tudy of the 
polymerization products (in concentrated solution). 
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MU- 1 1585 

F i g .  3. Spec t ra  obtained b y  oxidation with l e a d  dioxide under  vacuum a t  
different concentra t ions  in  benzene.  
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max at X max 
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Fig.  4 .  Apparent c m a x  a s  a function of concentration of the reaction; 

values corresponding to curves  of F ig .  3 .  
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j 1) Hindered diphenoquinone (dilute solut ions)  

S e v e r a l  l i n e s  of evidence were  u s e d  i n  es tabl ishing the s t r u c t u r e  of this 
c ompound. 

( a )  In F ig .  5 optical  s p e c t r a  of th is  quinone LI ,  diphenoquinone I ,  
3 , 3 '  -dime thyldiphenoquinone, Tchitchibabin's  hydrocarbon,  and h indered  
Tchi tchibabin 's  hydrocarbon IV a r e  compared .  F r o m  the behav ior  of the 
s p e c t r a  we can be confident that dilute solut ions  ( 3  x M) conta in  a l m o s t  - 
exclus ively  the quinone LI. 

Such a hindered diphenoquinone should have a h igher  oxidation potent ia l  
than the one of diphenoquinone i t se l f .  T h i s  was es tabl ished by the reac t ion  of 
biphenol with the hindered quinone: 

The exchange between the two compounds takes place  in  a few h o u r s  
i n  benzene-ether  solution with production (according to the spec t rum,  F i g .  6a)  
of 0.86 molecule of diphenoquinone p e r  molecule  of oxidized h indered  phenol 
( o r  0.95 p e r  molecule  of apparent  h indered  quinone f o r m e d ) .  

The hindered diphenoquinone LI,  according to o u r  hypothesis ,  i s  
supposed to be i n  equi l ibr ium ( L I  L) with the d i rad ica l  L. Th is  r a d i c a l  
could  be observed  d i rec t ly  only in  a m o r e  concentra ted solution ( 10-3  m o l / l i t e r ,  
C u r x  2 ,  F ig .  3, zmax = 39,600) by ESR studies.  A weak s ignal  ( G  = 2)  
w a s  obtained corresponding to a content of about P f r e e  e l e c t r o n  f o r  1000 to 
2000 molecules .  
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Fig .  5. Spec t ra  in  benzene of hindered diphenoquinone and analogues. 
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F ig. 6 .  ( a )  Action of biphenol ( 3  mol )  on the h indered  diphenoquinone 
( 1 mol) i n  benzene.  Quinone p r e p a r e d  in  dilute solution. 

(b) Action of biphenol ( 7  mol )  on the so -ca l l ed  t r i m e r  quinone 
( 1  mol monomer ic  unit) in benzene.  T r i m e r  p r e p a r e d  in concen t ra ted  
solution. 
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We have mentioned above the possibili ty of a polymerization in concentrated 
solutions.  The molecule of diphenoquinone LI i s  able to reac t  with itself o r  
with biphenol XLIX, giving d i m e r s  LIII and t r i m e r s  LV, LVII with a quinoid 
s t ruc tu re .  Several  facts support this hypothesis: 

(a )  The absorption band i s  shifted 390 ~8 toward the red and the c o r -  
responding 2 value i s  decreased  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 p e r  molecule of s tar t ing biphenol. The 
diphenoquinone LI would give 2 equivalents p e r  molecule and the t r i m e r  
LIV should give 0.66. 

( c )  The products of the iodide reduction a r e  weakly colored, possess  
a spec t rum very  s imi la r  to the starting biphenol, have a very  low solubility, 
and  cannot be sublimed, thus differing f rom star t ing biphenol. 

(d) The action of biphenol i n  benzene, a s  i t  was  done above fo r  the d i -  
phenoquinone LI, gave a s imi l a r  resul t  (F ig .  6b); that i s  reduction of the 
quinoid polymers with simultaneous formation of diphenoquinone . The react ion 
establ ished the diphenoquinoid s t ruc ture  of these polymeric  compounds; 0.32 
t o  0.53 molecule of diphenoquinone was formed p e r  molecule of s tar t ing 
hindered biphenol (0.64 to 1 .O6 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 biphenol could be real ized in  s eve ra l  separated s teps  
with production of some of the hypothesized intermediate  compounds (F igs .  7, 
8 ,  and 9).  

To  a dilute solution of monomeric quinone LI (X ax4440, 2 44,000, 
Curve  1, Fig.  8) was added a solution of hindered bip%nol ( I mol?g$ I 
The  solution was slowly decolorized a t  room tempera ture  and af te r  6.30 h 
(Curve 2, Fig.  7) 85% of the quinone had disappeared. (The reaction could be 
acce lera ted  by heating a t  50° to 700.) At  the s ame  t ime,  a solution of quinone 
LP alone ( a t  the same total m o l a r  concentration) decayed by only 2270 (Curve I ,  
F i g .  7) .  

The resulting decolorized solution, supposed to contain the dime r LHI, 
(F ig .  9) was shaken two minutes with lead dioxide, resulting in formation of 
a n  orange solution X 4470, Emax = 25,000, Curve 2 ,  Fig.  8 ) ,  corresponding 
to  the dirner quinone%%. 

Then to this solution was added, once more ,  the hindered biphenol 
( P mol f o r  1 mol of d imer ) ,  resulting in the fading of the solution. The reaction 
w a s  s lower (Curve 4, Fig. 7) than the f i r s t  one (about one half) owing' to the 
hindrance of one of the functions of the diphenoquinone in  the compound LPLH. 



I. Decoy of the hindered monomeric diphenoquinonr (Ll) ---------- 
2 Action of 1 m d  of hindered biphend on I mot. Of 

hindered biphenoquinone 

3 Decoy ot  the so colled dimer diphenoquinone (LIII) -.-.-.-.-.- 

4. Action of I mol. of hindered biphrnol on I mot. of -.-.-.- 
dimer diphenoquinone 
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Fig.  7 .  Optical density a t  h = 4440 R as  a function of t ime in benzene 
a t  room temperature. 
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T i .  8. Spectra i n  benzene of the hindered quinones, calculated wi th  
M = 326. 
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pig. 9. Oxidation of hindered phenol. 



Then this solution, supposed to contain the & r i m e r  LIV, was shaken two 
minutes  with lead dioxide and gave an orange solution (Xmax4470, Emax - - 

14,600, Curve 3 ,  Fig. 8) .  The three successiv& values of zm x(44,000, 
25,000 and 14,600) a r e  in  fa i r ly  good agreement  with the formation of the 
monomer  LI;' d imer  LPII, and t r ime r EV quinones. 

The absorption observed a t  5000 in ve ry  concentrated solutions 
(Curve  5, Fig. 3) should be attributed to a t r i m e r  quinone such a s  LVPP, 
which can be produced when an excess  of quinone LI i s  p resent  in  the soltuion 
( F i g .  9 ,  LI --+ LIIP -) LVII o r  LI  ----)EII --+ LVI----+ LV'ZI) . 

This was part ia l ly  accomplished in dilute solution by allowing 1 molecule  
of hindered biphenol to reac t  on 2 molecules of quinone LI. After  a lmost  
c omple te decolorization of the soltuion, corresponding to the forma tion of 
EVP and LIV, the oxidation a s  above gave an orange solution. This solution 
Prnax4500 J Zmax = 19,800, Curve 4, Fig.  8) exhibits a definite increase  of 
absorption a t  5000 %. 

F r e e  -Radical Content 

The presence of f r e e  radicals  in solutions containing' these quinoid 
compounds (LIIP, LV, LVII) was shown, a s  f o r  the monomeric  quinone, by  
ESR studies.  A signal (G = 2) was found, indicating a content of about one 
f r e e  electron fo r  800 monomeric  units,  a value somewhat higher than f o r  
the monomer. This would correspond to one electron f o r  approximately 270 
molecules  of t r ime r LVIP. 

Compounds with such a quinoid s t ruc ture  should be in  equilibrium with 
the corresponding diradical  and therefore the ESR signal should show a 
dependency on temperature-- that  i s  to say,  i n  increase  of ontent of d i rad ica l  
b y  heating and decrease  by cooling (Nielsen and Fraenkel)  .' Such a revers ib le  
i nc rease  of ESR signal between 300 and 100° was found (Fig. 10) until the 
quinone was completely t ransformed by polyrne rization and c yclization (LVIHI). 
T h i s  transformation takes place f a s t e r  than a t  room temperature.  

Unfortunately, such an effect could be studied only on the polymers  
(EIII, L V ,  LVII) and not on the quinone (LIB 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 f ree  radical i s  
h igher  in  concentrated solution (Fig.  11) and reaches a value of about 1 f r e e  
e lec t ron  for  600 to 1000 monomeric units (average 800). When the concentrated 
solution i s  f resh ly  oxidized, the signal i s  even higher  ( 9 electron for  200 uni t s ) ,  
but decays in  l e s s  than half an hour  and drops to the r a the r  stable value of 1 
e lec t ron  fo r  800. During the s a m e  time the Zmax of the optical spec t rum i s  
decreasing more  slowly (F ig .  12) .  This discrepancy between the behavior a s  
a function of time of the ESR signal and optical absorptirsn would indicate 
the initial presence of some unstable f r ee  radical produced during the 
react ion (probably a monoradical).  After decay, the signal of this radical  
c a n  be regenerate'd by addition sf lead dioxide. 
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Fig. 10. Influence of t empera ture  on the intensi ty  of the ESR s igna l  
of the hindered quinone . 
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F i g .  11. D e c a y  of the h i n d e r e d  quinone i n  a c o n c e n t r a t e d  benzene  
solut ion (0 .1  m o l / l i t e r )  u n d e r  v a c u u m  as a function of t i m e  
( s p e c t r a  i n  benzene ) .  



Fig .  12.  Decay  of quinone a n d  r a d i c a l  as a funct ion  of t i m e  
(0 .1  rnol / l i te  r) . 

A max of optic01 spectrum In presence of PbO2 

M C max of optical 8pectrum without PbO2 

------ ESR signal relative value (without PbOd 

- 

- 
- L 

1 

4,000-. ' ' .-----__-__---_--_---------------------------------------------------------- --- - m 

1 I I 

--4 

-3 

-2 

- - I  

I 2 3 4 5 6 7 8 9 10 11  12 

Time-Hours 



All these solutions a r e  decolorized a f ta r  one o r  two days. This  fading 
cor responds  to  the disappearance of the main band (4440 to 5000 x, Fig .  11). 

The spec t ra  shown in Fig.  B 3 (Curves 3 , 4  and 5) correspond to t r ans  - 
formation products f rom various sources  and show the absorption band of 
phenol (2800 to 2900) and a general  increase  of absorption below 2800 a s  
compared  to the absorption of the quinone (Curve 1) and of the biphenol (Curve 
2 ) .  Sometimes a peak (F igs .  1 l 'and 13) i s  found around 3400 to 3600 a, which 
could indicate formation of an ortho-quinone EPX by oxidation. 

At temsts  to Isolate Quinone s a s  Solids 

AH the above experiments  were  ca r r i ed  out i n  solutions.  Some at tempts  
w e r e  made to prepare a solid sample f rom 0.01 M solution. - 

One obtains, in a l l  c a s e s ,  a red g lass ,  giving, in chloroform, a sp5ctrum 
s i m i l a r  to the one of Curve 5, F ig .  3, corresponding to the s t ruch t r e  EVIP. 
T h i s  red  g lass  has  a somewhat higher content of f r ee  radical  (B/POO, G=2.0). 
I t  decays rapidly in the presence  of a i r ,  more  slowly in  vacuum, giving a 
yellow powder. The ESR signal can s t i l l  be observed, approximately l/800, 
i n  the a lmost  completely t ransformed mater ia l  (Curve 3 ,  Fig.  13), indicating 
the trapping of f ree  e lec t rons  in the polymer, d i i ch  would have a s t ruc tu re  
der ived  f r o m  EVHII. The analysis of the r ed  g lass  i s  in  agreement  with the 
theory. 

F igure  9 gives a proposal  fo r  the complete scheme of oxidation and 
polymerization. It i s  an hypothesis that f i ts  quite sat isfactor i ly  a l l  of our  
va r ious  observations. The resu l t s  demonstrate  that a s  few a s  two or tho-  
methyl  groups in  diphenoquinone provide sufficient s t e r i c  hindrance to 
coplanari ty  to raise  the energy of the quinone to the point where the r e  i s  an 
appreciable  amount of oxygen diradical in  equilibrium with i t  a t  room 
tempcerature. Presumably  if the reactivity of the oxygen d i rad ica l  could be 
f u r t h e r  reduced by two additional ortho-t-hutyli groups i t  should be possible 
to  obtain the diradical in  appreciable am:unts. In fact,  such a d i rad ica l  
should exceed in stabili ty the phenoxy mono radicals  of Muller and Cook. 
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Fig .  13. S p e c t r a  in e t h e r .  Compounds of t r ans format ion  of 
h indered  quinone, compared  with hindered quinone and 
h indered  biphenol. 



PROCEDURES 

According to the method described by Schoutissen, l 5  a solution of 50 g 
s f  2,6-dichloro-4-nitroaniline (Kodak) in 165 cc concentrated sulfuric acid 
w a s  cooled to O°C. To another 165 cc of concentrated sulfuric acid was 
slowly added 17.5 g NaNOZ, ca re  being taken to keep the temperature below 
40", and the resulting solution of nitros ylsillfuric acid was cooled to O°C. The 
two solutions were mixed and allowed to stand E/z :  h r .  Then, 600 c c  of 
H3P04 (8570) was added at. such a rate  a s  to keep the temperature below ~ O C  

( 1.5 h r ) .  The yellow solution was allowed to stand P/2 h r  a t  0°, 1 g of u r e a  
was  added, and lthe solution was poured into 1 l i t e r  of ice  water containing 42 g 
of po ta s s i~~ .m iodide. The decomposition of the diazo compound produced 
much foam, and the iodo compound precipitated a s  a l ight brown product.  
A f t e r  1 hour the precipitate was fi l tered, washed with water ,  and recrys ta l l ized  

0 f r o m  alcohol, Yield: 63 g (8270)~ mp 151-153 . 

Prepara t ion  of 2 ,2 ' ,  6.6' - te t rachlor0-4 ,4~  -dinitrodiphenvl 

This compound had previously been prepared  by by deamination 
of 2,6-dichloro-4-nitroaniline, but with poor yields. A different procedure  was 
used: 40 g of 3,5-dichloro-4-iodo-nitrobenzene was melted in a l a r g e  tes t  
tube a t  240-250°, and 0.5 g of bronze copper was added. The react ion 
caused  the mixture to boil and i t  was sometimes neces sa ry  to cool i t .  The 
r e s t  of the copper (B5 g) was slowly added over  a per iod of 1/2 h r ,  the 
tempera ture  being kept a t  250-260~.  The mixture was extracted,  while 
s ti21 hot, with boiling benzene. The solucisn was chromatog raphed on alumina 
t o  eliminate the t a r s .  The product obtained was contaminated with a yellow 
o i l  and was recrystal l ized f rom AcOH, yielding 9.5 g of yellaw c rys t a l s  
{37701o), mp 181-182'. 

Prepara t ion  of 2,2' ,  6,6B-t5trachlsrobenzidine 

This compound had been previous1 y prepared  by benzidine r e a r r a n g e  - 
meni' i$ l 8  of 3 , 3 ' .  5,s' -tetrachiorohydrazobenzene with HZS04 in v e r y  poor  
yield. An a t t empt  to prepare this compomu by the reduction of the 
2 , 2 ' ,  6,6'-trichloro-4,4'  -dinitrodiphenyl by zinc and acid (AcOH, HCP) in  
var ious solvents (AcOH, EtOH) g a m  a product that was impossible to 
c rys ta i l ize .  However, catalytic hydrogenatioa ( P c O , )  of this product gave a 
p u r e  crystall ine benzidme in  good yield. The hydm2enacion was ca r s l ed  out 
b y  using 390 mg P c O  , 600 mg d r y  NaZSO 200 cc cyclohexane, and 2 g of the 
d io i t ro  compound. $he theoretical cpantSy of hydrogen was taken up in 2 h r . ,  
giving a light-yellow solution. The catalyst was f i l tered off and washed seve ra l  
t imes  with e ther ,  and then the combined solutions were  concentrated; 1.37 g 
of te trachlorobenzidiae (light yellow needles) was obtained. Yield: 8 f 70, 
m p  ca  107". After  purification, the mebting point was raised to 212-213°. 
T h e  benzidine gives a dihydrochloride and a diacetyl derivative (acetylation 
wich ecetic anhydride and pyridine on a s t eam bath, crystal l izat ion f r o m  
AcOH), rnp 314O. Titration of the diaminc was  done by acetylatioc. ' 9  
Result:  1.98 amino groups. 



Anal. Calcd.  f o r  C H N C1 C, 44.75; H,  2.5; N ,  8,69; C1, 44.04. 
1 2 8 2  4: 

Found: C ,  45.03; H,  2.74; N ,  8.97; C1, 42.64. 

Diacetylated der iva t ive .  Calcd.  f o r  C H N Cb : C,  47.31; H ,  2-97;  
N,  6.89; Cl ,  34.92. Found: C ,  47.52; H, i!.\5!2~f 7.%3: C1,  34.70. 

P r e p a r a t i o n  of 2 , 2 ' ,  6 , 6 ' - t e t r a c h l o r o - 4 , 4 '  -biphenol 

The diamine ( 1  g) was  dissolved i n  concentra ted H SO (20 cc)  and 
2 4 cooled to O°C. NaNO (450 m g )  was  slowly dissolved in  concentra ted H2S04 

2 
(20 cc )  a t  a t empera tu re  below 4 0 ' ~ .  The two solut ions  w e r e  mixed a t  
O°C and 35 c c  H PO (85%) w a s  added slowly s o  that  the t e m p e r a t u r e  r e  - 
rnained below 5 e .  4 ~ f t e r  1 h o u r ,  th ls  solution was  poured into aqueous 
H2S04 (110 c c  acid f o r  140 c c  w a t e r )  and the acidic  solution was  boiled 12 m i n  
and then poured onto i c e .  A p rec ip i t a te  was  obtained and the product  was  
ex t rac ted  f r o m  the suspens ion  with e t h e r ;  the e t h e r  solution was  then e x -  
t r ac ted  s e v e r a l  t imes  with 5 N NaOH, and the p roduc t  was  precipi ta ted f r o m  
the reddish alkaline solution by the addition of dilute HC 1. The product  ob - 
tained was  ex t rac ted  with e t h e r ,  the resul t ing e t h e r  solution was  washed 
with w a t e r  and d r ied ,  and the e t h e r  was  removed  u n d e r  vacuum. A yellow 
oil was obtained which c rys ta l l i zed  slowly.  The c r u d e  product  was  pur i f ied  
by sublimation (160°/l m m ) .  Yield:  760 m g  (76%; m p  185-186O; a f t e r  
resubl lmat ion,  186O. Diacetyl  der ivat ive  (pyr idine ,  a c e t l c  anhydride ,  
pur i f ica t ion in  ace  tic ac id ) ,  m p  164- l65O. 

Anal.  of tetrachlorobiphenol:  Calcd.  f o r  C12H602C14: C ,  44.48; H,  1.86, 
C1, 43.77. Found: C, 44.55; H,  2.01; C1, 43.75. T h e  t i t ra t ion of the 
tetrachlorophenol bylakdi gave 1.98 phenolic hydroxyl g roups .  

P r e p a r a t i o n  of 2 ,2 ' ,  3,3 ' ,  5,5 ' ,  6,6'-octachloro-4,4'-biphenol 

This  compound (XXV) h a s  been desc r ibed  b y  Smi th ,  but i t  i s  bel ieved 
to be a mix ture  of d i f ferent  octachlorobiphenols.  H e r e ,  a d i f ferent  method 
of p repara t ion  was used .  T h e  te t rachlorobiphenol  ( 0 . 5  g) was dissolved i n  
CHC1 (30 c c ) .  A rapid  c u r r e n t  of chlor ine  was  p a s s e d  through the solut lon 
f o r  10 mln.  The e x c e s s  ch lo r ine  and ch lo roform w e r e  removed under  vacuum.  
The crys ta l l ine  res idue was  pur i f ied  by subl imat ion (200°/ 1 m m ) ,  to give 660 m g .  
Yiel$; 9570 m p  237-237.5O; p u r e  product ,  rnp 238O. 

Anal. Calcd. f o r C  H 0 C1  : C ,  31.2; H ,  0.43; C1, 61.4. Found: 
C ,  31.07; H ,  0 . 6 9 ; 1 b f  t l . 4 2 .  

The diacetyl  de r iva t ive  was  p r e p a r e d  with ho t  a c e t i c  anhydride and a 
drop  of H SO and r e c r y s t a l l i z e d  f r o m  acet ic  ac id ,  m p  195O. 2 4 

Anal.  Calcd. f o r  Cl6H6O4Cl8<, 35.2; H, 1.1; C1, 51.96. Found: C ,  

35.36; H,  1.27; C1, 51.84. 
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Prepara t ion  of 2,2' 3,31 31dV,5,5', 6,6'-decachloro-3,3' ,  4,4'- 
tetrahydro-4,4'  -dike todiphenyl 

The tetrachlorobiphenol (250 mg) was dissolved in  acet ic  acid (25 cc)  
and  a rapid cur ren t  of chlorine was passed through the hot solution until 
sa tura ted  (1/2 h r )  . Then 7 cc of water  was added and a crystal l ine product 
precipi ta ted on cooling. The product was washed with water  and dried. 
Yield: 390 mg (96%), m p  190-191:. It  was recrystal l ized f r o m  boiling 
ace t ic  acid-water,  m p  191.5-192 . It  i s  soluble in  AcOH, e the r ,  CHC13; 
l e s s  soluble in  alcohol. 

Anal. Calcd. fo r  ClZ02ClL0: C ,  27:15; H,' 0; Cl, 66.81. Found: C, 27.27; 
H,  0.45; C1, 66.46. 

This  product could be obtained a l so 'by  action of the same reagent 
(chlorine in  AcOH) on the octachlorobiphenol with a yield of 92%. 

Reduction of the Decachloro Gmpound (XXXIII) 

1. By Zn and AcOH: 24 mg of the compound was dis,solved in  1 cc  acetic acid. 
The  solution was decolorized by boiling for  2 min in  the presence  of zinc pow- 
d e r ,  than 2 cc  of water  was added to precipitate the product. Yield: 9170, 
rnp 234O. 

2. By alcohol: This reaction has  been studied by uv a s  a function of t ime. 
The decachloro compound (4.8 mg) was drssolved in  50 cc  of alcohol and the 
uu. s ~ e c t r u m  was taken f rom t ime to time. The reaction was complete 
a f t e r  24 h r .  The same behavior toward al&ml has been observed with the 
hexachlorophenol, but the reaction was much s lower (about 280 h r ) .  ' 

Action of S i lver  on the Decachloro Compound (XXXIII) 

The active s i l ve r  was p repa red  by ~ e d u c t i o n  of AgCl in  alkaline 
solution of hydroxylamine. 5 The reaction was ca r r i ed  out under nitrogen 
f r e e  f r o m  oxygen in anhydrous benzene, which had been dr ied  by distillation 
f r o m  meta l  cetyl of benzophenone. The nitrogen was purified by passing 
through F i e s e  r ' s  solution, through a n  aqueous solution of lead acetate ,  
through concentrated H2S04, and finally through a solution of metal  cetyl of 
benzophenone in ether .  The blue color of the e ther  solution indicated the 
absence of oxygen and water.  

In a two-armed flask was placed a solution of 50 rng of the decachlorca 
compound in  25 cc of bensene and 500 mg of active s i lver .  Nitrogen was 
bubbled through the suspension fo r  1 /2  h r .  Then the f lask  was cooled a t  
-80°c, the two a r m s  were sealed,  and the f lask was shaken fo r  16 h r  a t  
room temperature.  No reaction seemed to have occurred.  The s i lver  was 
f i l tered off and washed with e ther ,  and the solvents were removed to give a 
yellow crystall ine substance. The uv spectrum showed that this compound 
was the unchanged starting mater ial .  Heating a mixture of the decachloro 
compound with active s i lver  under vacuum (200°/1 m m )  resul ted only in 
sublimation of the s tar t ing mater ia l .  



Attempts to P repa re  the 3.3'-dibromo-2,2', 3,3', 5 ,5 ' ,  6 ,6 ' -  
octachloro-4,4' -dike to- 3 , 3 '  -4,4' -tetrahydrodiphenyl 

P . The addition cbf bromine to a boiling methanol solution left  the octachloro- 
biphenol unchanged. 

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

3.  The addition of bromine to an  acetic acid solution of biphenol i n  the presence 
of a 15% excess  of sodium acetate at  BOO for  92 h r  gave no crystal l ine products.  

4. Reaction ( 3 )  was car r ied  out with twice the quantity of sodium acetate f o r  
8 days. A yellow precipitate,  insoluble in alcohol, chloroform, benzene, 
boiling acetic acid, o r  water,  was sIcw3y formed. This  product did not mel t  
a t  310° and could not be sub7u:med. It was probably polymeric.  

Preparat ion of 2,2', 6,6' -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. ThTyel low solution 
was  rapidly decolorized. After half a n  hour i t  was neutralized and extracted 
with ether .  After removal of the e ther ,  bhe residual oil c rys ta l l ized  slowly and 
w a s  sublimed a t  200°/ 1 mrn m p  251-252 o. The product was recrystal l ized 
f r o m  aqueous alcohol (5070)~ mp 257 -258 with decomposition. 

Anal.  Calcd. f o r  C 2H20 C1 B r  : C, 22.4; H, 0.32; Cl, 22.18; BP, 49.80. 
Found: C, 22.75; Id, 0.4f; &, h . 5 ;  B r ,  48.2. 

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

Attempts to P r e p a r e  the 3,3', 5 , 5 '  -tetrabromo-2,2' ,  3,3', 6 ,6 ' -  
hexachloro-4,4' -diketo-3,3', 4,4' -tetrahydrodiphenvl 

1. Action of an excess  sf chlorine on the biphenol in an acet ic  acid solution 
a t  room tempe raturn, gave the decachloroi cr~mponnd prs viously descr ibed.  

2 .  The technique of Muller,  i* e .  , act-cn of chlorine in  a soPution of biphenol 
i n  MeOH, AcOH a t  - 2 0 ° ~ ,  yielded 9970 o~f the decachloro compound. 

Preparat ion of 2,2' -dime th yl-4,4' -dinitrocliphen yl 

T2t)s compound was prepared according to the procedur,  of Sherwood and 
Calvin. The product was recrystal l ized f r o m  ethanol i n  the presence  of 
charcoal .  Yield 300/0, mp 970°. 
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Prepara t ion  of 2,2' -dime thylbenzidine hydrochloride 

This  product was prepared by two methods: 

I. By reduction of 2,2' -dime thy1 -4,4' -dinitrodiphenyl. Nine hundred mg  of 
d in i t ro  compound was dissolved in  25 cc  ethanol. Then HC 1 and Zn were  
added to the boiling solution until the reduction was complete (1.5 hr). The 
solution was neutralized with Na C03 and extracted with e the r ,  which was 2 evaporated to dryness .  The residue f rom the e ther  ex t rac t  was dissolved in  
di lute  HCP and the hydrochloride was precipitated by the addition of concentrated 
HC1. Yield: 60%. 

2 .  Prepara t ion  according to the method of Schultz and ~ o h d e "  and purif ica-  
t ion a s  above. Yield: 80%. 

Anal.  Calcd. f o r  Cp4H16N2C12: C, 58.95; H, 6..36; N, 9.82; C1, 24.86. 
Found: C,  59-11; H, 6.27; N, 9.75; C1, 24.66. 

Preparat ion of 2, Zqdimethyl-4,4'-biphenol 

This  compound was prepared according to the method of Brockmann and 
~ o l a r s ~ ~  and recrystal l ized f rom benzene. Yield: '9070, m p  1 1 6 ~ .  

Prepara t ion  of P,2'  -dime thyl-5,5' -di - t  -butylbiphenoP 

According to the method of Stillson, Sawyer,  and H u n t s g  of dimbfhyl, .Z~' - 
biphenol was dissolved in  70 cc  benzene a t  60-YO0, then 0.1 cc of concentrated 
su l fur ic  acid was added and isobutyiene passed  through the solution by means  
of  a s intered glass  bubbler for  6 h r .  

The solution was washed three t imes with 2 N NaBH, dr ied  and concentrated. 
The  resulting crystall ine colorless  product was cGtaminated  with an  oil which 
w a s  absorbed by pressing the product between f i l ter  paper .  The white c rys t a l s  
( B -75 a)  obtained were sublimed a t  170-ZOO0 under 9 m m .  Yield 1.3 g (4B%o), 

Anal. Calcd. fo r  CZ2H3002: C. 80.9; H, 9.26. Found 
H, 9.65 and 9.04. 

: C, 81.05 and 81.09; 

This  biphenol i s  s d u b l e  in  benzene o r  a ther,  and 

Oxidation of Biphensl s 

insoluble i n  2 N NaOH. - 

Sol-.rents used: benzene, purified a s  indicated above; e ther ;  anhydrous 
Merck ,  dr ied  over  sodium, then distilled and kept over  sodium; water ,  disti l led; 
ace t ic  acid,  analytical reagent. Nitrogen was free f r o m  oxygen ( s e e  above). 

1. Oxidation by active lead dioxide in moist  e ther  a t  oo. The lead  dioxide 
used  he re  and in the following er iments  was prepared  according to the 
technique of Kuhn and Hammerwb hydrolysis of lead te t raace  tale. 
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Technique of oxidation and results:  10 to 15 mg of phenol was dissolved 
in  25 cc of moist e ther ,  cooled at 0°, then shaken a t  o 0  with 1 g lead  dioxide 
f o r  5 min. The following resul ts  were obtained. 

- weak violet coloration, disappearing 
in  a few minutes.  

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

/' \ H 0 -  Q- 0 -0. - no coloration. but po lymersa  
- 

1 C l  q 1  7 1  

Ho -F -R;H - no coloration. 

1 C 1  

-no coloration. 

HoQ - o-oH --2: red coloration, stable severa l  
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2. Oxidation by s i lver  oxide, prepared according to willstatter1° i n  anhy-. 
d rous  e ther  with d ry  sodium sulfate. 

3. Oxidation by lead dioxide, prepared a s  above, in anhydrous e t h e r  o r  
benzene, in a i r  o r  under nitrogen. 

4. Oxidation with potassium ferricyanide in  alkaline solution. The react ion 
was ca r r i ed  out in a 100-cc two-necked f lask with 100 mg  biphenol in 15 c c  
benzene. The f lask was cooled to -80° and then a solution of 1 g potassium 
ferr icyanide in  5 cc  2 N KOH was added under  nitrogen. Nitrogen was pas sed  
through the flask for  13 min, then the f lask was sealed and shaken a t  room 
temperature.  Results of the reaction were  observed by uv spec t rum.  

Oxidation of 2 ,2 '  -dime th yl - 5,5' -di -t -but ylbiphenol 

In all  the experiments  a large excess  of lead  dioxide ( 5  to 10 t imes)  
was  used.  

Spectral  and ESR Studies on Solutions 

- 5 1. Concentration 3 x P O  mol/l i ter.  A solution of biphenol in benzene o r  
e the r  (Curve 1, k'ig. 3 and Curve P, Fig.  13) was shaken with lead dioxide 
d i rec t ly  in the quartz  cel l  of the spectrophotometer f o r  2 to 30 min. Then 
the cell  was centrifuged for  a few minutes and the optical spec t rum was taken 
immediately.  The reaction was complete a f te r  2 min. The same resu l t s  were  
obtained whennhe experiment was ca r r i ed  out in  an atmosphere of nitrogen. 

2 .  Concentration mol/li ter.  (Curve 2 ,  Fig. 3) A special apparatus  
(Fig.  14a) was designed which made i t  possible to use the same sample 
of solution fo r  optical and ESR spectra .  The  solution was f ree  of lead  
dioxide and oxygen. The thickness of the pyrex  optical cell  was 0.25 m m .  
Af ter  the solution of biphenol was introduced into the flask, the apparatus  
was sealed a t  (a )  under  high vacuum and the solution was frozen in  liquid 
nitrogen. Then the apparatus was tilted in such a way a s  to allow the i r o n  
weight (d) to break the thin wall ( c ) .  The l ibera ted  lead dioxide was poured 
onto the frozen solution, the flask was sealed a t  (b ) ,  and the solution was 
heated up to room temperature.  After the solution was shaken 2 min  to l ead  
dioxide was centrifuged, and when the apparatus  was turned upside down the 
solution filled the optical cell  (e) and the side a r m  (f) ,  making i t  possible to 
take the optical spec t rum through (e )  and the magnetic signal on ( f ) .  Result: 

'max = 4450 , zmaX = 39,600. ESR signal: 1 electron for  PO00 to 2000 

molecules.  After longer  shaking ( 5 ,  10, 30 mkn) a decrease  of z was 
max  

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

- 3 
3. Concentration g rea t e r  than 10 mol/ l i ter .  Reactions were c a r r i e d  out 
under vacuum in the apparatus shown in h'ig. 14b. After 15 min of shaking 
(enough time to insure  a complete reaction in  a l l  c a ses )  the apparatus  was  
centrifuged a t  1000 rpm for  1 min and the red  solution decanted into the 
side a r m  where the ESR measurement  could be taken directly.  T o  take the 
optical spec t rum the apparatus was opened a t  (a )  and an aliquot of the solution 
was rapidly diluted with the adequate amount of benzene previously placed in  
the cel l  of the spectrophotometer (Curves 3 ,4 ,  5, Fig. 3,Fig.4, Fig. 11, F ig .  12). 
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sealed 

hot OI COM OW 
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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 )  Equipment for temperature -dependent y study of the 
hindered polymeric quinones. 



4. Ti t rat ion of the solution ( l o - )  to mol/ l i ter) .  The oxidation was 
c a r r i e d  out by shaking the benzene solution with potassium ferr icyanide and 
2 N sodium hydroxide for  15 to 30 min. The solution was washed with water  
a d  an aliquot was added to sodium iodide in acet ic  acid, whereupon the co lor  
of the solution changed from red  to orange. This solution was t i t ra ted with 
0.10 N sodium thiosulfate. Results: 0.24, 0.4, 0.44, 0.42 oxidation equivalents 
p e r  m-olecule. The f i r s t  measurement  was made under pure nitrogen. Theory  
f o r  the quinone LI;: 2 equivalents; for  the d imer ,  1 equivalent; fo r  the t r i m e r ,  
0.66 equivalent. 

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

The diphenoquinone LI was prepared by shaking a benzene solution of 
the hindered biphenol ( 3  x M) with lead dioxide f o r  4 min. The orange 
solution ( = 44,500) was adhed to an e ther  solution of biphenol 
( 3  mol f o r % ~ o l )  The spectrum of the resulting solution was taken f r o m  
t ime to t ime (Fig. 6a) until the completion of the reaction. 

The concentration of quinone LI was calculated f r o m  the initial  amounts 
of hindered biphenol. The amount of the diphenoquinone produced was calculated 
f r o m  the of the absorption band. 

Action of R ,D '  -biphenol on the Polvmer ic  Diphenoquinones 

The quinones were prepared  by shaking under vacuum f o r  15 min a 
benzene solution of hindered biphenol (0.0 1 M) with lead  dioxide (F ig .  6b). An 
aliquot of the resulting solution was diluted-rO00 t imes  and added to the s a m e  
volume of an ether  solution of biphenol (7  mol pe r  mol  of init ial  hindered b i -  
phenol).  The reaction was followed by uv spec t rum a s  above. Calculations 
w e r e  made on the same basis .  

Action of Hindered Biphenol XLIX on the Hindered Quinone L1 

The quinone LI was prepared  in dilute solution a s  above (Curve 1, Fig.  8). 
I t s  decay in  benzene (Curve 1, Fig.  7) was followed by the decrease  of the 

at  4440 k. (Curve 4, Fig. 8): 20 cc  of a solution of diphenoquinone LI 
( C  = 3.07 x was mixed with 10 cc of a solution of the hindered biphetol  
( s a m e  concentration). When the reaction mixture was heated a t  about 60 
f o r  40 min there was a 90% decrease  in  the absorption band, then the solution 
was  shaken fo r  2 min with lead dioxide and the spec t rum was taken again. 

Temperature -Dependent y Study 

The reaction was performed in an apparatus s i m i l a r  to B (Fig.  14) 
having a side a r m  of 3 m m  diameter .  The side a r m  was  sealed off and placed 
i n  the apparatus (C)  a s  i s  shown in Fig. 14. The apparatus  was previously 
s tandardized with a thermocouple. The heating sys t em consisted of a hot 
s t r e a m  of a i r  a t  various temperatures .  The intensity of the ESR signal and  
the corresponding temperatures  were recorded. (Fig.  10). 



Red Glass  

1. Oxidation with lead dioxide: One hundred mg of biphenol was dissolved 
in  30 cc  of benzene and the mixture was shaken in the presence  of 2 g of lead 
dioxide fo r  15 to 30 min. After centrifugation the 'solvent was removed under 
vacuum a t  room temperature (10-20°), giving a red g lass ,  which was l e f t  2 
h r  under 1 m m  pres su re  before analysis.  

Oxidation under nitrogen: The apparatus was composed of two f lasks  
connected by a piece of sintered g lass  to f i l t e r  the lead dioxide (Fig.  15) . 
After  the apparatus had been filled with pure nitrogen and sealed a t  (a), the 
reaction was performed in F lask  A ,  the solvent was f i l tered into Zlask B by  
p re s su re  of the nitrogen; B was kept a t  lo0 and A was frozen at -800, under  
vacuum, and the benzene was distilled in  to A. A red  g l a s s  was obtained in  
B and dried under 1 m m  pressure .  

2. Oxidation with potassium f e r r i c  yanide: The same solutions of biphenol 
were used. The oxidant was a solution of 2 g of potassium ferr icyanide in  
20 cc  of 2 N sodium hydroxide. The two solutions were  shaken together f o r  
15 to 30 min and the layers  were separated.  The benzene l aye r  was washed 
with water ,  dr ied over sodium sulfate, and evaporated a t  room tempera ture  
under vacuum, giving a red glass .  

Oxidation under nitrogen (pure nitrogen was bubbled through all solutions 
and solvents before they were used2 'The reaction was c a r r i e d  out i n  a spec ia l  
separa tory  funnel (Fig. 16) filled with nitrogen and kept a t  lo0. Af te r  being 
shaken in the separa tory  funnel f o r  30 min the layers  w e r e  separated;  the 
r ed  benzene l a y e r  was washed with boiled water,  then dr ied  over  sodium sulfate 
in  an apparatus (Fig.  15) filled with nitrogen; i t  was then f i l tered and evapora-  
ted a s  indicated above, giving the s a m e  r ed  glass.  

Anal. Calcd. fo r  C22H2802: C, 81.43; H, 8.69. Found: (I) C, 80.05; - 
H, 8.67. (11) C, 81.67; H, 8.72. (111) C, 80.20;H, 8.93. (IV) C, 80.39; 
H. 8.93. 

(I) was prepared by oxidation with lead  dioxide i n  the presence  of a i r  
and dr ied a t  room temperature.  (11) was prepared by oxidation with potassium 
ferricyanide under nitrogen and dr ied  a t  35O. (111) was prepared  by  oxidation 
with potassium ferricyanide under nitrogen and dried a t  room temperature.  
(IV) was prepared  by oxidation with lead dioxide under nitrogen and dr ied  a t  
room temperature . 

Preparat ion of 3,3' -dime thyldiphenoquinone 

This  compound was prepared by boiling a solution of 3,3'-dimethylbiphenol 
(34 mg) in  2 cc  of benzene with lead dioxide (700 mg) f o r  5 min. The lead  
dioxide was separated and extracted seve ra l  t imes with boiling benzene. The  
resulting orange solution was c o q e n t r a t e d  to 5 cc  yielding 15 mg of quinone 
(dark  red needles);  Xmax = 4090 zmax = 65,000 (Benzene). 
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MU- 1 1597 

Fig.  15. Apparatus to prepare  the hindered diphenoquinone in the 
solid s ta te  by  oxidation with lead  dioxide. 
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solutions 

MU- 1 1598 

Fig.  16. Apparatus to prepare  the hindered diphenoquinone in the 
solid state by oxidation with ferricyanide . 
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Prepara t ion  of Diphenoquinone 

This  compound was prepared  f rom p,pl-biphenol by the procedure 
descr ibed  above. Dark orange needles resul ted;  'hmax = 3985 ; 

%max 
= 53,200 (benzene). 

All spec t r a  were taken with a Ca ry  recording spectrophotometer 
(Model 11 o r  14) a t  a concentration of approximately l o m 4  M. Electronic  spin 
resonance absorption measurements  ( ESR) were  pe r fo rmerwi th  equipment 
built  by Dr .  Power  B. Sogo of the Radiation Laboratory. Analyses were  
per formed 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 
Ene rgy  Commission. 
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