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'HINDERED DIPHENOQUINONES: DIRADICALS OF OXYGEN

Jean Bourdon and Melvin Calvin

. Radiation Léboratory and Department of Chemistry
' University of California, Berkeley, California

~ July 10, 1956
ABSTRACT

e : *  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
diradical of oxygen. The 2,2'-dimethyl-5,5"-di-t-butyldiphenoquinone was
prepared and was shown to be in equilibrium with a small amount of
diradical. This compound slowly polymerizes.

for
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HINDERED DIPHENOQUINONES: DIRADICALS OF OXYGEN

Sk .
Jean Bourdon and Melvin Calvin. .

Rad1at1on Laboratory and Department of Chemistry
"University of Cahfornla Berkeley, California

July 10, 1956

INTRODUCTION

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
exist 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 allow1ng the existence of only a 51ng1e bond between
them

0@@(’ @ ' o(:ol/. . OO_A

A e e Iuawﬂ

' o R R
»p% /' ) ' . | / . \

CIIIb . S HIe o b e

The diradical III would be stabilized by resonance of the different
limit forms IIla, IIIb. In fact, such structurés exist: the p,p'-diradical
derived from Tchitchibabin's molecule in which are introduced in the
2,2', 6,6"-positions substituents such as methyl or chlorine, IV and V.
These compounds - -isolated in the solid.state by. Thellacker1 and Muller, 2
respectively--give good-examples of d1rad1<:a1s resulting from non-
coplanarlty of the diphenyl skeleton. .

f

Fulbright Fellow, 1954-1956.



6o ‘ UCRL-3466

C,H CHy: Cl C1
5 / © CgH. . At ¢ N Ar
— = =G Cc— - -C
/ — NeLH. A \A
cou CH, ‘655 T c1 i r
65
IV L v

‘:These products almost colorless in the solld state,-are deeply colored in .
-solution (red, blue, or green); this phenomenon corresponds toan - '
equilibrium between the dimer (colorless), the quinoid,  and the diradical
(colored) the proportmn of diradical inc reasmg by d1lut1on or by heatmg

The ex1stence of free rad1cals of oxygen has been def1n1tely estabhshed
in the mechanism of ox1dat§on of phenols; therefore the different free
radicals VI, VII, VIII, IX,~ X have béen supposed to be intermediates in
oxidation of corresponding phenols, oxidation giving usually a dimer as

final result, for instance XI or XI'..‘,_,l

T 0CH, Cl  Cl

0 S / ' /

/ < 7
gl No LN Do (Do
— CH, — CH3
| — /A
¢l C1
VI Vi VIII X . X

Some of these freé radicals (VII, VIII, IX, for example) made their appear-
ance as a fugitive coloration during the reaction. Some others. exist in
solution in a state of equilibrium with the dimer; for example, the
phenanthryl XII (R = 0Et, Cl...), which exists in the solid state as a-
dimer XIII, dissociates part1ally in solution into a free radical (green).

C1

\' o c1c1":‘. c1 |
/4 \3
.~CH3'—'/- — 0. C} o N HO . CH—CH—
Cl c1 c1 ‘ ‘

XI XI'
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X1I

XIII

And recently, Muller? ; 1solated a real free: radlcal of - oxygen in the solid
state: The tri-t-butylphenoxy XVI was obtained by oxidation of the corre -

sponding phenol or by removal by silver of a halogen (chlorine or bromme)
from the halogenated compound XV.

~ tBu .

tBu —
XV XV
= B —
a b £

XIV XV | 4 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. 7In fact, this free radical, deeply blue in the
"solid state, decolorized rap1d1y in the presence of air by formatlon of
peroxide XVII ‘ - .

Cook6 prepared, in the same way, some s1m11ar stable free radicals
(XIX), and showed that these free radicals could exist when the o0- and
p-position were substituted to prevent dimerization and when theTe was no
hydrogen on the a-carbon. Thus, with a, H present, the 2,6-di-t-butyl-4-
methyl -phenoxy gives the dimer XVIII. -

XVII R L XIX
| | R R'
" Tri-t-amyl tri-t-amyl
" bi-t-butyl methoxy
. bi-t-butyl .. butoxy
bi-t-butyl "’ - ethoxy
tBu

. HO— —CH
2

tBu

XVIII
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- EXPERIMENTS AND DISCUSSION

A11 these observatlons encouraged the presumptmn 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 rogm temperature, gives
green solutions when heated to 265°. Some au,l:ho'rs?'explfaine.d 'this behavior
by the existence of the diradical form b, and LCA0-MO- :‘calcula'tion'.;.=8
suggests that bianthrone would exist in a triplet state by rotation of one of
the anthracene rings. On the other hand, some other compounds
C(XXI, XXII, XXIII, XXIV, XXV)’ derived from 2,2'-disubstituted dipheno-
quinone have been reported and described as having a quinoid structure,
but no real proofs of structure were g1ven and no studies on the properties
of these: products have been done '

- om I Me Me I
o ’ / /
O=®= =0 0= f=v =0
' 0 ' e Me I
XxX1 - XXIT S . XXIII
R:= CH3 or -CH _
G2 \-CH3 ,

X XIV o ‘ ' KXV
X =Br or C1
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Therefore we proceeded to the synthesis of'a biphenol, 2,2', 6,6'-
substltuted without ambiguity in its constitution and potentlally able to give
by ‘oxidation the. expected diradical. of oxygen e T .

The d1rad1ca1 whose preparatlon was f1rst attempted was’ the tetrachloro
-.2,2', 6,6'-diphenoxy XXVIIa, which could be obtalned by oxidation of the -
corre spondlng biphenol XXVI ; ‘ . -

a b

XXV1 S XXVII

The 'n!leth‘odb_, chosen for the synthesis of -the blphenolls the following:

. S I T
ya . HNO, - ~ e R H
NO5 -NH,~——> N0, - =N Y—( -NOz_ﬁ

— Kl . 2\ 250 z =30 —/ Pto
| = T - N/ |
cl cl el ¢l
XK VIII XXIX | XXX

— - Biphenol

XXXI

The compounds ' XXIX, XXX, and XXXI had been prepared by other authors »
using different methods, but the process used here gave better yields and : N
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), similar to the spectrum of the pentachlorophenol ‘and differing
from that of blphenol and 3,3 dlmethylblphenol :
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log € R o ;
: . |
HO on ————
B CH;_ ¢ 0
a} o o
3s} ,
" CHy _18u ' ‘
HOOH | —
© 18w . CH : _
sl .
. * .
(I CHy : .
28 |
24 . i —h _ : . - .
2000 2200 2400 2600 2800 3000 3200 XK , - ¥ln cyclohexane- Friedel and Orchin
. - ) - . U.V. Spectra of aromatic compounds
MU- 11583

Fig. 1. Ult'.raviolet _sp'e‘ctra in alcohol i
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‘Oxidation of the Tetrachloro 2,2', 6,6'-biphenol

(XXVI——3XXVIla or b)

‘The usual oxidizing agents were tried, but without success; the
biphenol remaining unchanged (silver oxide'" gor lead dioxide in anhydrous
ether or benzene, lead dioxide in moist ether, 3 ferric chloride in acetic
acid, potassium permanganate in alkaline solution). Potassium permanganate
in acid 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 further oxidation. might give
- the diradical XXXV. Chlorine in chloroform gave the expected
"octachlorobiphenol XXXII. -

Cl Cl1 Gicl ¢l ¢l c¢lcl
NI X7

HO- —_ 0H 0= — =0

¢l c1 ¢c1 c1

' A\ / \
C/l .Cl C€1-.C1

XXX _ XXXIIL ;b 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 decachlorinated compound for which two structures were
possible: XXXIII and' XXXIV. Reaction with zinc and acid gave. the
octachlorobiphenol, showing that the deéphenyl skeleton had been preserved.
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'accordlng to the method used by Smith
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. The o- quinoid structure XXXIII was estabhshed by .uv: spectrum
(Fig. 2). The spéctrum of the decachloro- is effectively very similar. to the

~ spectrum of o-benzoquinone and quite different from the spectra of hexa-

chlorophenol XXXVII and p- benzoqulnone In fact, the o-quinoid structure

"is more probable accordmg to the sterlc hmdrance in the p qu1n01d structure

XXXIV

- Ccl C1 -

Xxxm

o It should be noted that the decachloro cornpound XXXIII is" slowly
reduced to octachlorob1phenol by alcohol at room temperature (complete
reaction in approximately 24 hours), show1ng the same behavior as.the-hexa-
chloroephenol . XXXVII toward this solvent .This reductlon is approx1rnate1y

-_ten times as fast with the d1pheny1 compound

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

(XXXII -_-—————>XXXV)

Several methods were used. - This. b1phen01 seems even less sen51t1ve

) toward oxidizing agents than. the. tetrachloro

None- of the followmg reagents gave any coloratlon of the solut1on--that

is to say, format1on of a radical-:lead dioxide in moist ether or in benzene,
“alkaline ‘potassium ferr1cyan1de in benzene under nitrogen, potassium di-

chromate in boiling acetic acid with traces of sulfuric acid, potassium

permanganate with sulfuric acid. Most of the time, the biphenol was left

unchanged.. The action of aqua regia fSr one month at room temperature
to prepare the same product, was

here completely unsuccessful the_ starting material was recovered un-
changed ' ‘ ' : :

Thus neither the d1rad1ca1 XXXV nor the d1benzoqu1none XXV
could be obtained because of the strong resmtance of this biphenol toward

" the oxidizing agent.
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After these failures, another completely different method was tried.
This method consisted in the removal of two extra atoms of chlorine from
the decachloro compound XXXIII by action of silver in benzene solution :
. For:this reaction we refer to the reaction used by Muller? to preépare the
tri-t-butylphenoxy compound Here after 18 hours of agitatlon of the solution-
with active silver under pufe mtrogen the decachloro compound = XXXIIT
was recovered unchanged

Slnce 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 obtained by bromination of the octachlorobiphenol.
Several methods were used, all unsuccessful, the only product obtalned
being a substance w1th the propert1es of a polymer.

CXXXVIL XXXIX - XL

Next we tried bromination 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, 2-and‘even at -20° the bromine was réeplaced by the
chlorine with productlon of the decachloro cornpound XXXIII prev1ously

desc r1bed : S o

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

~ For cornparion the oxidation of pentachlorophenol was studled in the
~ literature and some:- experlments were done :

o*



18- ~ UGRL-3466

IN ALCOHOL () - et
-IN ‘CYCLOMEXANE (2)

g -a [ ]

L IN CHLOROFORM (3)  ----i--om -
Qv © N HEXANE @) =~ ————

_ CQ‘“ * "IN ALCOHOL (8) —i—e—-
. o ’ '

'° - N HEXANE(®) e

M-11584

Fig. 2. -Ultraviolet spectra of decachloro compound and an_alogtiés
(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 'a'gentsll transform pentachlorophenol into
chloranil by removal of p-chlorine. The same result is observed with sym-
trichlorophenol. 12 Such results could not be expected for the octachlorobiphenol.
On the other hand, we did make some attampts to see if it was posmble to get
the free radical XLI by oxidation of pentachlorophenol.

. XL1

The lead dioxide in moist ether at 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 -XI, a strong oxidizing agent, was without action on pentachlorophenol. 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, and
it could be expected that some stabilization of the diradical XLIII by the .-
methyl groups m1ght be apparent Lo

CooHy, ScHy, o CHy o
ol Y= on-( _><j=
| - | &,
- cH, o och, | 3
X LI | XL XLIV

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

_'CH o s GH3

Zn p ‘ ) HNOZ . R
, -N0O,—NH — \ =NH_ 3 biphenol
Ol D) ) B
a0H o 2HC1 . HP
S o . CH,4 ' _ :

XLV | XLVI _— XLII
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The alkaline. reductlon of m - nitrotoluene by zinc and alcohol glves
directly after acidification, a véry good yield in the diamine, which is trans-

formed in biphenol in the usual way. .

The diamine XLVI ‘has been'prepared‘in'another ‘way:‘v

s | 73 |
0N -¢ —NH. Tﬁé 0N = -NO —-————)diamin'e hydro-
2 NH.OH 2 . ) HC1 chlorlde N
XLVII XLViE - XLVI

Ox1dat1on of the 2, 2' dlmethyl p p -b1phenol
| (XLII)

~In contrast with other biphenols-, a:reaction occurred, although it 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 thy
adsorbed by lead dioxide when this reagent was used. The same result was
observed even at low temperature ( 800) under pure mtrogen

From these observations we were led to beheve that the b1phen01
XLII- was oxidized, presumably with formation of the diradical, but this
latter products too reactive, could not even be seen and reacts rapd11y to g1ve
dimers or polymers : : E -

As suggested by Muller, 5 two t-butyl-groups in positions ortho to the
hydroxyl increase the stability of thé correésponding free radical by steric
hindrance, in preventing the approach of the reagents to the. molecule

Therefore, in order to stablhze the diradical (XLIII) we tr1ed to in-
troduce four t butyl groups in the 3,5, 3",5" -positions of the 2,2’ dlmethylblphenol
(XLII). According to the method of alkylation of the phenol I3 isobutylene
was allowed to react with the dimethylbiphenol at 70° 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'-positions because of the hindrance of the two
methyl groups preventing the" substltutlon on the-3,3'-positions. S

- The 2,2° dlmet:hgrl 5,5"-di-t butylblphenol, in accordance with the ob-
servation by Stillsonl3 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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_ QXidétion.pf the 2,.2'_..-\Ad;i.methyt -5,5'-di-t-butylbiphenol - |

In contrast to the other biphenocls prepared-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 red solution stable for several hours.
The same result was obtained with alkaline potassium ferricyanide. '

XLIX oL - LI

Accordmg to our hypothes1s these solutions could contain the diradical
(L) or the quinone (LI) or a mixture of the two products in equ111br1um
L—LI or products of polymer1zat10n : -

In fact, studies of electronic-spinresonance (ESR) and of optical
spectra of these solutions showed that the reaction of oxidation was a complex
phenomenon involving several steps.. Most of.thisi study was. done ‘in benzene
solution with-lead dioxide as ox1d1z1ng agent: .The-solutions obtained were:
somewhat. more: stable: when free from oxygen;. therefore : many expe rlments :
were carried out under n1trogen or under VACUUML L

A solution of b1phenol in benzene was shaken w1th 1ead dlox1de untll the
reaction was ‘complete.’ This was:indicated when the principal: absorptlon
band of the spectrum reached an apparent maximum:(about 15 minutes).+ Re -
sults,-shown:in Fig. 3,  are quite different.according to.whether the ‘reaction. .
is done in d11ute or in concentrated solution. R A

, "In dilute solutions {3:x: 10" 5 ‘mol/liter) the absorption spectrum of the
reactlon solution’ exhibits ‘one band (Fig. -3¢ ’\ma =.4440 K, T approx1- :

mately 49,000), indicating that there is orly one compound in the solutlon,
which is --as will be shown later--the hindered d1phenoqu1none LI. - When the
concerntration of the solution’ is mcreased (Figs.*3 and 4), : m;" ‘of ‘this’ band

if shlfted toward the longer wave length (4830 X) and ‘}_‘, ax decreases con-

s1derab1y and settles, for a saturated solutlon to a value of 16 000 (Flg 4)..
A new maximum becomes apparent at. 5000 R, produc1ng a broadenmg .of the
ent1re absorptlon (Curve 5, Fig. 3).. it is. apparent that a.polymerization-of .. .
the hindered quinone. LI occurred with the increase, of the concentration.

: . -This study will,. therefore, be divided in two parts: - (1) . Study of the
h1ndered dlphenoqumone (produced in d11ute solutlon) and (2). study of the .
polymer1zat1on products (in concentrated sotutlon)‘ T :



219 -

[
50,000}
M 3 x107%m
i 2 3 x103m
40000F (3) 15x102M
4) 6 x 102M
(5 0aM
30,000}
20,000}
10,000}
S
- £ " - L S 1 \':1;3 o
3000 3500 4000 4500 5000 5500 = 6000 XA

MU- 11685

B

UCRL -3466

Fig. 3. Spectrav obtained by oxidation with lead dioxide under vacuum at
different concentrations in benzene. '
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am———

€ max at A max _ o o

- 50,000F 44404

40,000

30,000
20,000 0
4830 A
10,000}
L P |y -~ S _
2 4 6 8 10 .. 20 - . 30 'mg/cc

MU- 11586

Fig. 4. Apparent € hax 2% a function of concentration of the reaction;

values corresponding to curves of Fig. 3.
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(1) Hindered diphenoquiﬁone (dilu'te solutionsv)

Several hnes of evidence were used in establishing 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 behavior of the
spectra we can be confident that dilute solutions (3 x 10-5 M) contain almost
exclusively the quinone LI. : -

Such a hindered diphenoquin'oﬁ'e ‘should have a higher_'dxidation potential
than the one of diphenoquinone itself. This was established by the reaction of
biphenol with the hindered quinone: :

 CH, tBu L . | 4
/3 /. ;o : , :
tBu &{3 ' '

Hy  tBu =
Fatares
CH3

The exchange between the two compounds takes place in a few hours
in benzene -ether solution with production (accordmg 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 diphenoquinone LI, according to our hypo'thesis, is :
supposed to be in equilibrium (LI &==1L) with the diradical L., This radical
could be observed directly only in'a more concentrated solution (10‘3ﬁ-rﬁ01/1iter,

Curve 2, Fig. 3, .;zm.a. = 39,600) by .ESR studies. A weak signal (G = 2)

was obtained corresponding to a content of about 1 free electron for 1000 to.
2000 molecules :



22 -

UCRL -3466

X'5760 .
ao.oooh- .
. _CHs
A~
70,000} £285,000 o
X* 4090 '
e - .
60,000} iy _CHs _tBu
. ] . .-
s A
50,000} As 3
) €763,2 \'I ': /™ £748000 - tBu CHy
3088/ | Y \3x-444o
L N
40,000} 1y : .
\ X, CQH ’ ,CO .
¥ e oWt
Y] CeHg =/ Tg
30,000} i X A (
I . B " .
_ I i B -
20,000¢ A Cota, - SeHs
/v °-°
\ chs’-’ "CeMs
10,000} / \ o
s / !
5000p--7
000 _ - s
- - FE . 1 el = -
3000 4000 | 5000 6000

—_— 0]
ermeeeen 2)
. "——f— (3)
@
st (s)

MU-11587

f‘ig. 5. Spéctra in benzene of hi-nde’red_diphen_o'quino‘ne and analogqes.



UCRL -346
s RL -3466

density.

optical
optical

€244,500

o.sl/

3250~ 4000 . 5000 - 6000 A&

" MU= 11588
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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 absorptlon band is sh1fted 390 R toward the red and the cor-
" responding z, value is decreased by two-thirds.

(b) The tltratlon of oxidation equ1va1ents by sodium iodide and thio-
sulfate gave a value of 0.24 to 0.52 per molecule of starting biphenol. The
d1phenoqu1none LI would give 2 equivalents per molecule and the tr1mer
LIV should give 0.66.

{c) The products of the iodide reduction are weakly colored, possess
a spectrum very similar to the starting biphenol, have a very low. solublhty,
and cannot be sublimed, thus d1ffer1ng from startlng biphenol. : '

(d) The action of b1phenol 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 blphenol (0.64 to 1 06 oxldatlon equivalent). :

The discrepancy between these values and the one found in experiment
- (b) can be explained by the presence of varying amounts of perox1des due to
varying condltlons in I:he two experlments

(e) The -suc\ceSsn(_e polymerlzatlon reactions which occur during the -
oxidation of the hindered biphenol could be realized in several separated steps
with production of some of the hypothes1zed intermediate compounds (Figs. 7,
8, and 9).

"To a dllute solutlon of monomeric quinone LI (\___ 4440, Z 44 000,
‘Curve 1, Fig. 8). ‘was added a solution of hindered blpfxrénol {1 mol fgr 1 mol).
The solution was: slowly decolorized at room temperature and after 6.30 h
(Curve 2, Fig...7).85% of the quirione had disappeared. (The reaction could be
accelerated by heating at 50° to 700,) At the same time, a solution of quinone
LI alone (at the same total molar concentration) decayed by only 22% (Curve 1,
Fig. 7). ' , '

The resulting decolorized solution, supposed to contain the dimer LII,
(Fig. 9) was shaken two minutes with lead dioxide, resulting in formation of
an orange solution \__ 4470, zrnax = 25,000, Curve 2, Fig. 8), corresponding
to the dimer quinone . :

Then to this eolution was added, once'm'ore, the hindered biphenol
(1 mol for 1 mol of dimer), resulting in the fading 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.
' : : ' ' N
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I. Decay of the hindered monomeric diphenoquinone (LI) ----------

g Action of | mol. of hindered biphenol on {.mol. of
hindered biphenoquinone i

3. Decay of the so called dimer diphenoguinone (L) --y_-.-..‘._._

4. Action ot i mol. of hindered biﬁhenol_on 1 mol. of

“dimer diphenoquinone
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Then this solution, supposed to contain the trimer LIV, was shaken two

minutes with lead dioxide and gave an orange sclution (7\ max 4470 Zhax =

14,600, Curve 3, Fig. 8). The three successivé values of & (44,000,
25,000 and 14 600) are in fairly good agreement with the formation of the
monomer LI dlmer LIII, 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 LVII,
which can be produced when an excess of quinone LI is present in the soltuion
(Fig. 9, LI —LIII —)LVII or LI »LIT » LVI yLVII).

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, correspondmg to the formation of
LVI and LIV, the oxidation as above gave an orange solution. This solution

f()\ max 4500, Zmax 19 800, Curve 4, F1g 8) exh1b1ts a def1n1te increase of

absorptmn at 5000 g

~Free -Radical Content

The presence of free radlcals in solutions contammg these qu1n01d
compounds (LIII, LV, LVII).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 to one electron for approx1mately 270
molecules of tr1mer LVII : :

Compounds w_1th .-such., a quinoid structure should be in equilibrium with’
the corresponding diradical and therefore the ESR:. -signal should show a
dependency on temperature--that is ‘to say, in increase of c]ontent of diradical
by heating and dectrease by cooling (Nielsen and Fraenkel). * Such a reversible-
increase of ESR -"signal between 30° and 100° was found (Fig. 10) until the
quinone was completely transformed by polymerization and" cyclization (LVIII).
This transformation takes place ‘faster than at rocom temperature

Unfortunately, such an effect could be studied only on the polymers
(LIII, LV, LVII) and not on the qu1none (LI) in the ve ry dilute solution, be-
cause. of the weakness of the 51gna1 g :

Decay of the Compounds

According to the ESR signal, the proportion of the free radical is
higher in concentrated sclution (Fig. 11) and reaches a value of about 1 free -
electron for 600 to 1000 monomeric units (average 800). When the concentrated
solution is freshly oxidized, the signal is even higher (1 electron for 200 units),
but decays in less.than half an hour and drops to the rather stable value of 1
electron for 800. . During the same time the T hax of the optical spectrum is
decreasing more slowly (Fig. 12). This discrepancy between the behavior as
‘a function of time of the ESR signal and optical absorption would indicate
the initidl presence of some unstable free radical produced during the
reaction (probably a monoradical). After decay, the signal of this radical
can be regenerated by addition of lead dioxide.
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All these solutions are deco.lorized after one or two days. This fading
corresponds to the disappearance of the main band (4440 to 5000 A, 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. 11l'and 13) is found around 3400 to 3600 R, which -
could indicate formation of an ortho-quinene 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 glass, 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 R
yellow powder. The ESR. signal.can still be observed, approximately 1/800,
- in the almost completely transformed material (Curve 3, Fig. 13), indicating
- the trapping of free electrons in the polymer, which 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 energy of the quinone to the point where there is an
' appreciable amount of oxygen diradical in equilibrium with it at room
temperature. Presamably if the reactivity of the oxygen diradical could be
further reduced by two additional ortho-t-butyl groups it should be. possible
to obtain the diradical in appreciable amounts. In fact, such a diradical
should exceed in stability the phenoxy mono radicals of Muller and Coock.
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PROCEDURES

Preparation of 3,5-dichloro-4-iodonitrobenzene

According to the method described by Schoutissen, 15 a solution of 50 g
of 2,6-dichloro-4-nitroaniline (Kodak) in 165 cc concentrated sulfuric acid
was cooled to 0°C. To another 165 cc of concentrated sulfuric acid was -
slowly added 17.5 g NaNO,, care being taken to keep the temperature below
40°, and the resulting solUtion of nitrosylsulfuric acid was cooled to 0°C. The .
twa solutlons were mixed and allowed to stand 1/2 hr. Then, 600 cc of '
H3P04 (85%) was added @t such a rate as to keep the temperature below 5°C

(175 h¥). The yeliow solution was allowed to stand 1/2 hr at 09, 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 diaze compound produced

much foam, and the iodo compound precipitated as a light brown product.

After } hour the precipitate was filtered, washed with water, and recrystallized -
from alcohol. Yield: 63 g (82%) mp 151 —-153% i

¥

Preparahon of 2 2', 6,6'-tetrachloro-4,4'-dinitrodiphenyl

.. This compound had prev1ously been prepared by Rldgel6 by deamination
of 2,6-dichloro-4-nitroaniline, but with poor yields. . A different procedure was
used: 40 g of 3, 5 dichloro-4-icdo-nitrobenzene was melted in a large test
tube at 240 ~250°, and 0.5 g of bronze copper was added. ' The reaction
caused the mlxture to boil and it was sometimes necessary to cool it. The
rest of the copper (15 g) was slowly added over a period of 1/2 hr, the
temperature being kept at 250—-260°, The mixture was extracted, while
still hot, with boiling benzene.” The sclution was chromatographed on alumina
to eliminate the tars. The product obtained was contaminated with a yellow
oil and was recrystalhzed from AcOH, yielding 9.5 g of yellow crystals
(37%), mp 181 182 ‘ :

Cod

Preparation of 2,2', 6, 69-tetrachlorob'erié.idine‘

- . This compound had been previously prepared by benz1d1ne rearrange -
mentl7, 18 of 3,31, 5, 5' -tetrachlorohydrazobehnzene with H,S0, in very poor
yield. An attempt to prepare this compound by the reduction of the v
2,2", 6,6'-trichloro-4,4"-dinitrodiphenyl by zincand acid.(AcOH, HC1) in
various solvents (AcOH, Et0H) gave a product that was impossible to .
crystallize. However, catalytic hydrogenation (Pt0,} of this product gave a
pure crystalline benzidine in good yield. The hydrogenation was carried out v
by using 390 mg Pt0,, 600 mg dry NaZSO 200 cc cyclohexane, and 2 g of the -
dinitro compound. "_%he theoretical quantity of hydrogen was taken up in 2 hr.,
~giving a light-yellow solution. The catalyst was filtered off and washed .several
times with ether, and then the combined solutions were concentrated; 1.37 g N
of tetrachlorcbenzidine (light yellow needles) was obtained. Yield: 81%,.
mp ca 207°. 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 steain bath, -crystallization from : .
AcOH), mp 3149, Titration of the dldmlne was done by acetylatlon '
Result: " 1.98 amino groups S
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Anal. Calcd. for C12H8N2C14 C, 44.75; H, 2.5; N, 8.69; Cl, 44.04.

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

' Diacetylated derivative. Caled. for C HIZNZCL C, 47.31; H, 2.97;
‘N, 6.89; Cl, 34.92.- Found: C, 47.52; H, 295 ‘63 Cl, 34.70.

Preparatien of 2,2', 6,6 -tetrachloro'-4 4 -bipheno.1

The diamine (1 g) was dissolved in concentrated H,S0, (20 cc) and
cooled to 0°C. NaNO (450 mg) was slowly dissolved-in concentrated HZSO4
(20 cc) at a tempe rature below 40° 'C. The two solutions were. amixed at
00C and 35 cc H PO (85%) was added slowly so that the temperature re- |
mained below 50%3 After 1 hour, this solution was poured into aqueous
H,50, (110 cc acid for 140 cc water) and the acidic solution was boiled 12 min
and then 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 prec1p1tated from
the reddish alkaline solution By the addition of dilute HC1. 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°/1 mm). Yield: 760 mg (76%); mp 185—186°; after
resublimation, 186°. Diacetyl derivative (pyridine, acetic anhydride,
purification in acetic acid), mp 164—165°,

Anal, ’of.tetrachlorobiphenol Caled. for C12H602C1 - C, 44.48; H, 1.86;

Cl, 43.77. Found: C, 44.55; H, 2.01; -C1, 43.75. The titration of the .
.tetrachlorophenol by‘alkah gave 1, 98 phenohc hydroxyl groups.

.

Preparation of 2,2', 3,3', 5,5', 6,—6'-octachloro-4,4'-biph;enol'

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
CHC1, (30 cc). A rapid current of chlorine was. passed through the solution
for 10°min. The excess chlorine and chloroform were removed under vacuum.
The crystalllne residue was purified by sublimation (2000/ lvmrn), to:give 660 mg.
Yield: 95% mp 237-237. 59; pure product mp 2389; :

Anal, Caled. for C1,H,0,Clg: C, 31.2; H, 0.43; -,61,,_4;_,iEcsupd:
C, 3107H069,2C1 §14§ T

The dlacetyl derivative was prepared w1th ‘hot acetic. anhydrlde and a
drop of HZSO4 and recrystalhzed from acetic ac1d mpr 195O '

Anal. Calcd. for C 6H6 4

: C, 35.2; H, 1.1; Cl, 51.96. Found:. C,
. 35.36; H, 1.27; 51,84, o '
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Preparation of 2,2' 3,3133,5,5', 6,6'-decachloro=3;3"; :4,4'-
tetrahydro-4,4'-diketodiphenyl

The tetrachlorobiphenol (250 mg) was dissolved in acetic acid (25 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°. It was recrystallized from boiling
acetic acid —water, mp 191. 5-—1920 It is soluble in AcOH, ether, CHCl
less soluble in alcohol. . _ : o v o

]
s a8

81, Fo und C,. 27 27

1. By Zn and AcOH 24 mg of the’ compound ’was d1ssolved 1n 1 cc acetlc ac1d.
The solutlon was decolorlzed bybolllng for '
der, than 2 ccof’ water was added to prec1‘
mp 234 - o £S5 =

2. By aléohbl: ‘This reactidn has bee " stidied’ by uv ‘as a functlon of t1rne
The decachloro compound (4.8 mg) wasg dlsisolved in"50"¢& of alcohol and the
uv. spectrum was taken from time to time. . The react;on was complete
after 24 hr. The same behav1or toward aloohol has been obse rved w1th(the

hexachlorophenol but the reactlonﬂwas much slower (abou’t A hr) ! *‘

T,
v

Action of Silver on the Decachloro Compound (XXXIII)

The act1ve sﬂver was- prepared by“ 'reductlon of AgCl ih” alkahne
solution..of hydroxylamme,, 2. The, reaction was .¢arrigd: out.undex.nitrogen
free from oxygen;in. anhydrous benzene:,‘ wh1ch had .been; drled by d15t111at1on :
from metal cetyl of benzophenone1 «.The n1trogen was pur1f1ed by -passing-
through Fieser's solution, .through an,aqueous, solutlon of lead acetate,
through concentrated H,S0,, .and.finally through.a;solution, of .mretal.cetyl of.
, benzophenone in. ether. The blue color .of the; ethe ;solutlon Lndlxcated the ...

absenceé of oxygen and water

SE Y s
ey TR

In a two-armed.flask was:placed-a-solution of, 50 mg of the decachloro .
compound in 25 cc of bengene’ and 500 mg of active s11ver -Nitrogen was
bubbled through the suspension for 1/2 hr. Then the flask was cooled at
-80° C, the two arms were sealed, -and the.flask was shaken for, 16 hr.at
room temperature., -No. reaction seemed to have,o‘ceurred x‘The silver: was .
filtered off and washed with ether and the solvents were removed to give a
yellow crystalline -substance. {The uy. :spectrum: showed that this. compound .
was the unchanged start1ng material. Heating ‘a mixturé of the decachloro
compound with active silver under vacuum (2000/1 mmi) resulted only in
sublimation of the starting material.
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Attempts to Prepare the 3,3'-dibromo-2,2", 3,3', 5,5', 6,6'-
octachloro-4,4' -diketo-3,3'-4,4'-tetrahydrodiphenyl

1. The addition of bromine to a boiling methancl solution left the octachloro-
biphenol unchanged. o ‘ .

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

3. The addition ®f bromine to an acetic acid solution of biphenol in the presence
of a 15% excess of sodium acetate at 10° 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° and could not be sublimed. It was probably polymeric.

Preparation of 2,2", 6,6'_tetrachlorc-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. The yellow solution
was rapidly decolorized. After half an hour it was neutralized and extracted
- with ether. After removal of the ether, gne'residual oil crystallized slowly and
was sublimed at 2000/1 mm mp 251 —252", The product was recrystallized
from aqueous alcohol (50%), mp 257 —258° with decomposition. '

Anal. Calcd. for C ZHZ‘O Ci,Br,: C, 22.4; H, 0.32; Cl, 22.18; Br, 49.80.
Found: C, 22.75; HZ0%4% &, 1.5, Br, 48.2. . - »

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

Attérm)ts to Prepare the 3,3', 5,5'-tetrabromo-2,2"', 3,3' 6,6'-
“hexachloro-4,4'-diketo-3,3", 4,4'-tetrahydrodiphenyl

1. Action of an excess of chlorine on the biphenol in an acetic acid solution
at room temperature gave the decachloro compound previously described.

2. The technique of Muller, 5i.e. , action of chlorine in a sclution of biphenocl
in MeOH, AcOH at -20°C, yielded 99% of the deczchloro compound.

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

T 'Vs.compound was prépared according to the procedure of Sherwood and
. Calvin. ‘The product was recrystallized from ethanol in the presence of
charcoal. Yield: 30%, mp 170°. ' :
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Preparatmn of 2,2} d1methy1benz1d1ne hydrochlorlde
This product was prepared by two methods |

1. By reduction of 2, 2! dlmethyl -4,4' -dinitrodiphenyl. ‘Nine hundred mg of
dinitro compound was dissolved in 25 cc ethanol. Then HC1 and Zn were

added to the boiling solution until the reduction was complete (1.5 hr). The
solution was neutralized with'Na,CO0, and extracted with ether, which was
evaporated to dryness. The residue from the ether extract was dissolved in
dilute HC1 and the hydrochloride was precipitated by the addition of concentrated
HCI Y1e1d - 60%.

‘2. Preparation accordlng to the rnethod of Schultz and Rohde 21 and purifica-
tion as above.: Yield: 80%. :

Anal. Ca]l.cd, for C14H16N2C12 C, 58 95 H 6. 36A N 9 82; Cl, 24.86".

Found: C, 59.11; H, 6.27; N, 9.75; Cl, 24.66.

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

This compound was prepared according to the method of Brockmann and
',Ddlars22 and recrystallized from benzene. Yield: 90%, mp 116

Preparatlon of 2,2". dlmethyl 5, 5' -di-t butylblphenol

According to the method of Stillson, Sawyer, and HuntBZg of d1mhﬂ1ylp-2 A
biphenol was dissolved in 70 cc benzene at 60 —~70°, then 0.1 cc of concentrated-
sulfuric acid was added and isobutylene passed through the solution by means
of a sintered glass bubbler for 6 hr.

‘i‘he solution was washed three times with 2 N Na0H, 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 subhrned at 170—-200° under 1 mm. Y1e1d 1.3 g (41%),
mp 213 2140, . :

Anal, Calcd. for C22H3002 C, 80.9; H, 9.26. Found: C, 81.05 and 81.09;
Hs 9.65 and 9,04. R .

" This biph_enol'is soluble in benzene or ether, and ins oluble_ in 2 N NaOH.v

Oxidation of Biphenols

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

1. Oxidation by active lead dioxide in moist ether at 0°. 3 The lead dioxide
used here and in the following ezygperiments was prepared according to the
technique of Kuhn and Hammer®~ by hydrolysis of lead tetraacetate.
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Technique of oxidation and. results: 10 to 15 mg. of phenol was dissolved
in 25 cc of moist ether, cooled at 02, then shaken at 0° w1th l g 1ead dioxide"
for 5 min. ‘The following results were obtalned

: / CH.- o " _ weak violet. coloratlon d1sappear1ng _
. o 3 ' T m a few mmutes ,
‘CH3-0 -OH o o ‘- strong blue coloration, disappearing
' o : . in 20 to 25 min. . _
- no coloration, but polymers.

/

“- no.coloration.

"HO- ______v_oH - no coloration.
1cl- 1ot

" ClL -0H “no coloration.

' o | HO \ .._.m -0H - deep red coloratmn sr.tab‘le,V, sevetal
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2. Oxidation by silver oxide, prepared accordmg to Wlllstatterlo in anhy-
drous ether with dry sodium sulfate. : : : : o

3.  Oxidation by lead dioxide, prepar_ed_ as above, in anhydrous ether or
benzene, in air or under nitrogen. . . -

4. Oxidation with, potassium ferricyanide in alkaline solution. 5 The reaction
was carried out in'a 100-cc two-necked flask with 100 mg biphenol in 15 cc
benzene. The flask was cooled to -80? 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 I5 min, then the flask was sealed and shaken at rocom
.temperature.. Results of the reaction were observed by uv spectrum.

-Oxidation of 2,2%-dime th.yl -5,5' -di-t-butylbiphenol

In a11 the expemments a large excess of lead dioxide (5 to 10 tlmes)
- was used

Spectral and . ESR Studies on Solutions

1. .Concentration 3 x 10"5 mol/liter. A solution of biphenol in benzene or
ether—(Curve I, Fig. 3 and Curve I, 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 carrled out in an atmosphere of n1trogen

2.. Concentration 10 -3 mol/liter. (Curve 2, Fig. 3) A spec1a1 apparatus
(Fig. 14a) was designed which made it possible to use the same sample
of solution for optical and ESR 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 sealed 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 magnetlc signal on (f). Result:
A =4450 £, ¥ = 39,600. ESR signal: ‘1 electron for 1000 to 2000
max . max : _
molecules. After 1onger shaklng (5, 10, 30 min) a decrease of Z ax was *
~observed, but there was no apprec1ab1e change in the 'ESR 51gna1 indicating
that the reaction was complete in less than 2 min.

3.  Concentration greater than 10_3 mol/liter. Reactions’ were carried out

under vacuum 1in the apparatus shown in Fig. 14b. After 15 min of shaking

{enough time 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 7
side arm where the ESR -measurement could be taken directly. To take the

optical spectrum the apparatus was opened at (a) and an aliquot of the solution ,
was rapidly diluted with the adequate amount of bénzene previously placed in
the cell of the spectrophotometer (Curves 3,4, 5, Fig. 3,Fig.4, Fig. 11, Fig. 12).
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4. Titration of the solution (10°3 to 1072 mol/liter). The oxidation was
carried out by shaking the benzene solution with potassium ferricyanide and

2 N sodium hydroxide for 15 to 30 min. The solution was washed with water
and 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 -b1phenol on the Hindered Dlphenoqumone LI

The d1phenoqu1none LI .was prepared by shaking a benzene solut1on of
the hindered biphenol (3 x 10~ M) with lead dioxide for 4 min. The orange
solution (: = 44,500) was added to an ether solution of biphenol
(3' mol for mol) The spectrum of the resulting solution was taken from
time to time (Fig. 6a) until the completion of the reaction.

The concentration of quinone LI was calculated from the initial amounts

of hindered biphenol. The amount of the diphenoquinone produced was calculated
from the = of the absorption band.

Action of P> p‘-bi-phenol on the Polymeric Diphenoquinor‘iee -

The quinones werefprepared by shaking under vacuum for .15 min a
benzene solution of hindered biphenol (0.01 ‘M) with lead- dioxide (Fig. 6b). An
aliquot ‘of the resulting solution was diluted T000 times and added to the same
volume of an ether solution of biphenol (7 mol per mol of 1n1t1a1vh1ndered bi-
phenol) The reaction was followed by uv spectrum as above. Calculations
were made on the same basis.

Actio.n of Hindered Biphenol XLIX on the Hindered Quinone LI

“The 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
zmax at 4440 A (Curve 4, Fig. 8): 20 cc of a solution of diphenoquinone LI

(c =3.07x 10" 5) was mixed with 10 cc of a solution of the hindered biphepol
(same concentration). When the reaction mixture was heated at about 60"
for 40 min there was a 90% decrease in the absorption band, then the solution
was shaken for 2 min with lead dioxide and the spectrum was taken again.’

Temp‘era‘l':u're -Dependency, Study - .

The reaction was performed 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 shown 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 1ntens1ty 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 mg of b1phenol was dissolved .
" in 30 cc of benzene and the mixture was shaken in the presence of 2 g of lead

dioxide for 15 to 30 min. After centnfugatmn the solvent was removed under
vacuum at room temperature (10— 209), g1v1ng a red glass whxch was left 2
hr under 1 mm pressure before analys1s

Ox1dat10n under mtrogen: »The apparatus was composed of two flasks

" connected by a piece of sintered glass to filter the lead dioxide (Fig. 15).

After the apparatus had been filled with pure n1trogen 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° and A was frozen at -80°, under

vacuum, ‘and the benzene was d1st1lled in to A. A'red glass was obtained in-
B and dried under 1 mm pressure.

2. Oxidation with potassium £err1cyanide: The siame solutioné of biphenol
were used. The oxidant was a solution of 2 g of potassium ferricyanide in.-
20 cc of 2 N sodium hydroxide. The two solutions were shaken together for

15 to 30 min and the layers were separated. The benzene layer was washed

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

Oxidation under n1trogen (pure nitrogen was bubbled through all solutions’
and solvents before they were used}: The reaction was carried out in a special
separatory funnel (Fig. 16) filled with nitrogen and kept at 10°. After being
shaken in the separatory funnel for 30 min the layers were separated; the =~
red benzene layer 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, g1v1ng the same red glass.

“Anal, Caled. for C,,H, 0. C, 81.43; H, 8.69. Found: (I) €, 80.05;

22772872
H, 8.67. (II) ’_C, 81.67; H, 8.72. (Ill) 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 temperature. (II) was prepared by oxidation with potassium

ferricyanide under nitrogen and dried at 35°. (III) was prepared by oxidation
with potassium ferricyanide under nitrogen and dried at room temperature. -
(IV) was prepared by ox1dat1on with lead d10x1de under mtrogen and dried at
room temperature. :

Preparatwn of 3,3' d1methyld1phenoqumone

: This compound was prepared by boiling a solution of 3, 3'-d1methylb1phenol
(34 mg) in 2 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 con,centrated to 5 cc yielding 15 mg of quinone

(dark red needles) A miax = 4090 &R z, = 65,000 (Benzene).
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Preparation of Diphenoquinone

This compound was prepared from p,p'-biphenol by the procedure
described above. Dark orange needles resulted; 3% max - 3985 ;
" Zoax = 53,200 (benzene) , -

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 performed with equipment
built by Dr. Power B. Sogo of the Radiation Laboratory. . Analyses were
performed by Dr. Charles Koch of the M1croana1yt1ca1 Laboratory of the
Department of Chemlstry : :

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

v

4-)
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