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INTRCDUCTION

¥etallic Froperties of Triarylmethyls

Shortly after the discovery of triphenylmethyl by Gomberg

in 19001, Baeyer? drew sttention %o the formal relationship of free
radicals to the elementary metsls. Since tripheaylmasthyl (I) exists
in the free state =s 4o metal atoms, Taeyer reasoned that it is in
reality a "compound metel."™ In support of nis hypotkesis he pointed
out that triphenylmethyl, like sodium, forms a peroxide (II}, and
that tripnenylcarbinol {III}, lixe aluminum hydroxide, slthcugh
i~seif not basic, forms s=lts with acids, From the modern point

of view the anelogy mey.be stated more preclisely; both free radi-

cals snd metsls possess unshsred slectrons,

NN 8 NN &
N % v Y %
{o€¢—<C =z { L~ CO€-0-0-GC Qg-c
2 e ATEA f
VAR, o UV “

That triphenylmethyl 2nd its sslts are capable under the
proper conditions of vecoming gcod conductors is somewhat tetter
evidence of a mors than purely formal relationship. Gombergs. a:d
¥Yalden4, early showed that triphenylmethyl, dissolved in liguid
silfur dioxide or in lijuld nydrogen cyanide, i3 a good conductor.
Eecent investigation of the absorption spectrum of triphenylmethyl
in the former solvent indicates that actually the triphenylmethyl

cation 13 formed, presumably by transfer of the odd electron to




the solvent.’ The mechanisa of conductivity by triphenylmethkyl in
this medium is therefore analogous to electrolytic conductivity by
solutions of metals such as sodium dissolved in 1ijuid ammonia,.®
The triphenylimethyl nhalidas, especially the bromide, also give appre-
cladble conductivities in liquid sulfur dicxide, and even in cyanoe
henzene the conductivity of triphenylchloromethane is measurable,.”
Diphenyltrsmomethane on the other nand shows no such tendency,

with certain substituted triarylcarbinols, bsasicity is

mani®est even ia non-polar solvents, Tousley and SombergS demon-

ot
b

Ll

strated that the tri-p-tolylmethyl halides {IV) are conductors in

cyanosbenzene and Earrisg found that the electrolysis of sn acetone
golution of tri-%-zmlyléﬁlaramathane leads to the production of a
deep red color at the cathode, presumably because of the formetion
of the free radical, tri-p-%clylmetayl, KenhrmanniO has shown that
certain of the Xanthone derivatives exhibit enhenced tasicity.

¥Yor exaaple, 2,3,8,7-tetrasethoxy-J-phenylixanthenol (V) is strongly
pasic and its 3=lis are water scluble. Ksufmannll, and Lundl2
found the same properties in polymethoxytriphenylcarbinols, and

there iz evidence that salts of some of these carbinols are ionized

even in the 30lid state,




In 1914 Conel® observed that the chloride and sulfate
of C-phényl-x-phenylacridyl (VI) are socluble in and not hyédrolyzed
by water, and thet agqueous solutions of these salts readily conduct
a current, The electrolysis of elther salt results in a good yleld
of the ethane at the cathode, Addition of zinc dust to an agueous
solution of the sulfate causes liberation of the free radical and
the formatiocn of zinc sulfate,s

In the past fifteen years, Conent and his collatorsators
rave rrepared a large number of free ralicasls bty a method which
may be interpreted in terms of the metallic properties of free radi-
cal systems. In general, Cornant found that triarylcartinols may be
reduced t> the c@rrespaﬁﬁing free raldicsls by sironmg reducing agents
depending upon the proper regulatiorn of two conditions:14, 15
(1) The carbinol must be 3dissolved in an acid medium, the strengta
cf acid necessary beling dependent upon the basicity of the carbinol
and {2} A reducing agent of normal potentisl -0.20 volt {(referred
to hydrogen) or lower must bte used for a rapid reduction. If the
acidity of the carbinol solution is diﬁinished the reductions becan§
very slow; the same effect is noted if titanium trichloride
(Eo = -0.04 volt) is used in place of hypovanadous chloride or
chromous chloride, unless the corresponding ethane is guite insol-
uble. Wanscheldt and Moldavskil® found however, that similar reduc-

tions of triarvlicarbinols ensue with stannous chloride (E5 = -2.13

volt) in strongly acid solutlons.

8The interpretation of these properties depends upon the constitu-
tion assigned to the acridyl derivatives., Many {nvestigators claim
that they form ammonium-like ions and not carbonium ions.



Conant interpreted these results from the electrochemical
viewpoint. An acid medium is considered necessary to produce a
polar "onium" lon, The reduction occurs therefore by interaction
of the metal ion with the organic cation and is considered analogous
to the reduction of stannous chloridé'to metallic tin by chromous
chloride,s

He has, moreover, been able to show that a solution con-
taining both a dissociable ethane and its halochromic salt gives
rise to a characteristic and reproducible electrode potential.ls' 17
The measured values agree quite closely with those calculated from
the electrochemical equations, Such relations can of course be
true only for strictly reversible processes, the process here con-
cerned belng:

RaC* === RzC* + e

In further support of nis viewpoint, Conant found that
only those ethanes which dissoéiate appreciably in solution give
reproducible electrode potentials; dixanthyl (VIIa) and tetraphenyl-
ethane (VIII)}, which exist entirely in the dimolecular form, may be
prepared from the corresponding halochromic ions by reduction with
hypovanadous chloride, but 4o not give characteristic potentials.15

The cation concentration of the system RzC+, R3zC* in
Conant's experiments is governed by the equilibrium:

R3zC-OH + HX s R3C"‘ + X + Hy0

aThis interpretation is subject to some criticism. Kraussl® was
able to reduce such substances as triarylmethyl formates and triaryl.
_carbinols in alcohol or in acetone solutions with aqueous or even
with aleoholie solutions of titanium trichloride, TFurthermore, he
pointed out that benzophenone dichloride and benzhydrol whioch are
known to be non-ionized are readily and quantitatively reduced by
titanium trichloride to tetraphenylethylene and tetraphenylethane

respectively.




In the pH range vhere hydrolysis is negligible the potential was
found to be reproducidble and independent of the particular value

of the pH in that range. As the acidity decreases, however, the
halochromic cation hydrolyzes to the non-polar cardbinol and the
potential becomes a linear function of pH. Obviously this decreased
ion concentration results {n a lower oxidation potential for the
free radical system. Ostensibly this effect accounts for the impos-
sibility of reducing the carbinols in neutral or weakly acid media.

. R - H £ i
b, R = Alkyl Group \/
VIla, b VIII X

In ajuesus solutions Ccnant found that ferric chloride

is reduced to the extent of 80-1004 to ferrous chloride by the
free radical formed from triphenylpyrylium chloride (1X) .14 oOther
highly dissociated free radicals he found are also capable of rapid-
ly reducing ferric chloride under the proper conditions, although
the conditions and the extent of the reactions were not statedlS,

| If this reverse reaction be likewise a menifestation of
the metallic properties of free radicals, the rate of such a reac-
tion should depend only upon the rate of dissociation of the
~ ethane wnhich produces the free radical. That this is probably the
case is qualitatively demonstrated by a study of the reaction of a
dilute aqueous solution of ferric chloride and potassium terricyaﬁ-
1de with chloroform solutions of a series of weakly dissociated
dlialkyldixanthyls (vIIb)19, The time required for the formatiom



of a visible precipitate of Prussian blue is roughly proportional
to the rate of dissociation of the ethane as determined independ-
ently by the method of oxygen absorption. It was assumed that the
Frussian blue is the result of oxidation of the free radical to the
cartinol and reduction of the ferric chloride to ferrous chloride,
followed bty forzation of the imscluble ferrous ferricyanide,

Several years after the work of Conant, Gomberg and
GemrathC found that triphenylmethyl is capatle of reducing salts
of a number of metals low ir the electromotive series when these
sglts are d1ssolved in orgmnic solvents instead of wester, or even
when merzly suspended in the sclvent. They found that ferric chlor-
ide §{3 reduced tc ferrous chloride, steannic chloride to stannous
chloride, mercuric chloride tc mercurous chloride, and slso that
silver, 20ld and platinum salts are reduced to the respective
metals,

Although these reactions are of course interssting in
view of their possible bearing on the guestion of the metallie prop-
erties of free radicsls, another protlem of more immediate concern
to us was suggested. If the reductions of metallic ealts proceed
guantitatively, these reducticns should prove useful as pew methods
for the estimation of dissociadtle ethanes, i.e., as criteria for the

purity of these compounds.

Methods Used for the Determination of the Furity of Hexaarylethanes

Oxygen Absorption.- The most characteristickreaction'or
triaryloethyl redicals is the rapid sbsorption of oxygen with the

formation of a peroxide:



%1tk triphenylmethyl =nd mepy Others, the vclume adsorbed, under
carefully regulated conditions, sorresponds cleseiy to thet required
by the ejusticn, Eecause of thls fact, the messureaent of oxygen
atsorption has been accepted as a standard zmethod of estizating the
Fuarity of these coxpouads,

There are ~owever 3everal serious objlections to the method,
It i3 well ¥nown that the yileld ¢cf the peroxide proper, even 12 {¢
is righly insscluble, 43 never greater than §0% 52 the theo e’iﬂalﬁl
and the yield depends not only upon the =mature of the free radisal

T = * 2 1% - T~ - P . 1 .
but 2lsc upon the conditicns of the reastion with 2¥vgen, Trighenri-
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methyl, for example, = reroxide
when oxidized in air, but in purs oxvyeen, only 25422, Moreover the
volume of oxXygen absorbed is greater in purs oxygenZ®, and the weight

of the t3tal oxlidaticz products is in any csese sreater taan tnat

yield of percoxide on oxidetion
tenzene, under the sane cornditicns, tas yleld i3 only 4
In ﬁasz cases, high Oxygen absorption is probad®ly attriﬁ-
utable %5 susceptibility of the intermediste RaCCC- radical (see
equaticn 1 below) itself t> further oxldatiom, or to side reactions
{nduced by this sctive radicsl. In some others 3zuch as the diazkylo
4{yanthyls, extremely high values result due to turther oxidation

of the peroxide,l?



Oxygen Absorption in the Presence of Pyrogallol.- Primar-
ily to elucidate the kinetics of the reaction of triphenylmethyl with

oxygen, ZIeglerzﬁv 27 has measured oxygen abdbsorption using pyrogal-
lol as an oxidation inhiditor. The initial step in the oxidation
process is formulated as leading to the tormation of the radical
RxC00-; then, before chain resctions can set in, the radical is
furni shed hydrégen atoms by the loosely bound pyrogallol molecule

and forms the unsymmetrical peroxide:

Primary reaction, whether pyrogallol be present or not
le RaC « Gy — RaCCO-

without pyrogallol, all of the following secondary reactions
may occur concurrently

2. RzC00- + RzC —= RaCOOCRg
2'. RyC00- + RzC-CRz —= RzCOOCRg + RaC
2". 2 RyC00- —= RzCOOCRz + O

With pyrogallol, only the following secondary reaction
takes rlace

2a. RsC00- + (H) —= RaCOCH

The jquantitative aspect of the reaction in the presence
of pyrogéllol has not been extensively investigated, but Ziegler
reported that in this case exactly one mp}acule of oxygen 1is
absorbed per molecule of free radicalzﬁ. This conclusion 1s based
on the value obtained with a triphenylmethyl solution whose concen-
tration had been determined by titrastion with iodine, 1In an inves-
tigation of the reaction of rentaarylethanes with oxygen, Bachmann
and Wlselogleze reported that these compounds at elevated tempera-

‘tures, in the presence of pyrogallol, absorb exactly two molecules .




of oxygen per molecule of ethane, whereas by the ordinary procedure
from 1.1 to 1.2 molecules are absorved. From these results, one

‘ would expect that measurement of the absorption of oxygen in the
yresence of pyrogallol offers an sccurate method for determining

the purity of free radicals, snd the metkod should possess a defi-
nite advantage over the ordinary procedure in that dquble the volume
of oxygen 1s absorbed by & given weight 0f free radical. As will be
discussed later however, cur experience with the method does not
confirm this expectation.

Titration with Jcdine,«~ Another characteristic reaction

of triarvimethyl radicels derived froxz appreciably disscciated
ethanes 1s the addition of iodine, resulting generslly in eguilibd-
rium when 80-80% of the 10doc compound has formed:

2 RaC » I = 2 Rsc-I
Cbtviously, btecause of the reversitility Zue to the instability of
the io0dc compounds, the reaction with icdine alcocne can under no
circumstances be used as a method for the guantitative estimastion
of free radicals. Zlegler?? has reported however that with excess
of iocdine in the presence of an crgahic tase, suitably ryridipe or
quincline, the free radicals react completely because of the forma-

tion of a stable queternary iodo compound:

Rye-1 + K> — rye-K D

Under these corditions he has applied the reaction as a method of
estimeting hexaarylethane concentrations, A soclution of the free
redical in an organic solvent is added tc an excess of lodine dis-

solved in chloroform containing 5% pyridine or guinoline, ang,
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after standing sufficiently long to insure complete reaction, an
excess of standard aqueous thiosulfate is added. The excess 1s then
titrated with aqueous iodine, |

The validity of the reaction as a basis for a quantitative
method has not been definitely hroved. With very samall samples of
the radical bis-(2,4-diphenyl-3-benzyl-6-methylchromenyl) (X) Zieg-
1er30 found 944 of the theoretical 1odine sbsorption, the 6%
deficiency bveing considered attributable to impurity of the sample.
A great deal of work was done by him using aliquot portions of solu-
tions of triphenylmethyl prepared in toluene from triphenylchloro-
methane and mercury and stendardized, without iscleting the crystal-'
line ethane, by titretion with icdine. No sttempt vas made however
to compare the concentrations thus determinec¢ with the ccncentra-
tions to be expected from the originel amounts of triphenylckloro-
methane used for the preparation of triphenylmethyl solutiocms. 1Im
explanstion, the vegue stetcment is mede that in transferring
- samples of free radical sclutions & change in concentretion occurs.26
From this statement one is justified to infer that the icdine velues
found by him were somewhat lower than should be expected,

Only one experiment comparing this method with the usual
oxygen absorption method was reported by Ziegler., Using an aliguct
portion of & triphenylmethyl soluticn vhose concentration was de-
termined by iodine titration, he found that the volume of oxygen
absorbed amounted to 134% of the calculated.28
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(CE3) g -Re (S =0
CE(CEa),
X iz

Titreticr with Irdothymols.- As a consejuence ¢f the

low oxifaticn potentisl of free radicels as compeared witk the indo-

t
N - ~” . . ;
thencl dyes, Conantl? foun? tosz juentitetive estizmtion of free
redicals is possitle ¥y titracion ip ecid solutior with indothy-

zol (XI}:

2l 2 =8 :
{indcrhenocl) {reduced indogphencl}
acetic scid and tromcbenzene, then the excess dye is titrsted with

wae shown to proceed gjusrptitatively scecrding t¢ the ejustlion:

A + s!ﬁz’f&zea + Holl ——> .2“6.32 * gazsa4 « 8

Trie method likewisge has Tteen used only to a limited
extent. Ip Conent's experiments, dipbenyléixsnthyl showed the
seme purity by this methicd ss v cxygen sbsorption. 4 typical
titraticon is descrited however &s one in which Z.229 mg. of ethane
required 0.485 cec. of 0.00928 XN NapyS,0ze

furpcse of Tnis Invesatigatican

In view of the spperent unreliability of the several

metrhcds for the determination of the purity of free rsdicals,

s8Study of this method is still im progress.



12

it has appeared pertinent to investigate the possidble applications
of the reduction of metallic salts to this problem. We have
therefore undertaken a detailed investigation of the reduction

of silver selts by a variety of free radicals, In order to accom-
Flish our aim it has been necessary to determine the factors which
govern these reactions and the nature of the products formed, and
to compare the results of our cuantitative studies with the results

obtained by seversl other methods,
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DISCUSSION

The Feduction of Silver Salts by Triphenylmethyl

The abstrecticn of halogen from sclutions of triarylchloro-
methanes or triervlbromomethanes in organic solvents by molecular
silver (or mercury, zinc, or copper) represents cne of the most
cernvenient methods for the synthesis of triarylmethyl redicals:

RaC-X + Ag —> RaC- + AgX
3uch & reacticn may be regarded simply ms the displecement of the
wecompound metal” from its halide by & true metsl. That the halogen
is quantitetively removed from the halomethane is readily demon-
strable by determination of the silver chloride or bromide formed
in the reaction, If, however, a sclutiocn of triphenylmethyl pre-
pared in this manner is added to a suspension of a silver salt in
an orgenic solvent, in many cases & repié reductiocn to metallie
silver results, These reacticns may be followeé juelitetively
through the sppesrance of a dark grey or tlack deposit of zmetellic
silver accompanied by the grafusl disaprearance in the sclution
of the characteristic yellow color of triphenylmethyl.

The reductions ere governed primarily by the nature of
’the silver salt, Salts of orgsnic acids, of which silver scetate,
benzoete, phenylacetate, p-chlorobenzoate, and carbcnate were chcsen
as typicel examples, are slightlyﬂif at all soludble in organic
solvents. Suspended in benzene and shaken with triptenylmethyl
solutions, they are recadily but not instentaneously reduced. The



appearance of a deposit of metallic silver is visidble within five
minutes and the color of triphenylmethyl in ell cases bdut silver
carbonate disappears within a few hours. Salts of inorganic acids,
also insoluble in organic solvents, such as silver nitrate, phos-
rhate, and sulfete are likewise more or less rapidly reduced. The
reducticn of aqueous soluticns of silver nitrate or silver rerchlor-
ate when shaken with a benzene solution of triphenylmethyl proceed
at no appreciedbly greater rete, since here also heterogeneous reac-
tions sre involved, However, when a benzene or toluene solution of
triphenylmethyl is mixed with a toluene solution of silver perchlor-
ate (silver perchlorate is singularly soluble in this solvent), an
immediate co-precipitation of metellic silver and the insoluble tri-
rhenylmethyl perchlorate occurs. Silver chloride, bromide, and
cyanide are not reduced even on indefinite shaking with benzene solu-
tions of triphenylmethyl, although if silver chloride is suspended

in water or in pyridine, a slow reduction is noted after twenty-four -
hours,

These reductions may te explained on the vasis of an
electrochemical interpretation. Although silver perchlorate 1is
highly polar ir aqueous soluticn and only a weak electrolyte in
solvents such as benzene or toluene, a measurable conductivity in
these solvents indicates the presence of a small amount of silver
ion3l, If then the reduction reaction depends upon the presence
of both the free radical and the metal ion in solution, the reac-
tion with silver perchlorate in toluene shoﬁld represent the 1deal
‘case., Reactions with other poler salts wouléd be expected to be

limited by the solubility of the salts in the solvents uged. It



1s

would also be expected that with insoluble sslts which are predomi-
nately covalent, such as silver chloride, bromide, i1cdide, and
cyanide, nc reacticas shculé cecur, The reduetion of silver chlor-
ide when suspended in water zay be accounted for bty assuming that
the slight concentretion of silver ion in water is sufficient for
the reductiocr, and thet this heterogencus resction is therefore
rocughly comparstle to the reducticon of poler silver salts ir organie

solvents when the salts are insclultle.

i Formasticn of Triprenylmetbyl Esters in the reductiosn Frocess

Since the rescticn of triphenylmethyl with silver salts

results in the litersticn of metslllc silver, it may be expected

(&N

that the triphenylmethyl grsup merely displeces the silver atom:

[Ac = ecid radicsal)

Such sctually is the case. Eenzere solutions of triphenylmethyl
were shaken with e3cess of silver acetate, benzoate, phenylecetete,
p-chlorctenzoate, carbonste, and perchlorsie. On sepersticn from
the precipitate of metallic ellver snd excess silver salt, good
yields of the esters were obtained. In all ceses, except silver
cartonate, =11 of the trirhenylmethyl was used up in the reacticm.

The identity of those esters not previausly reported was
estatlished by comparison with suthentic samples prepared according
to a more comventional procedureiZ:

#xC-Cl + tg-ic —¥ Pz-Ac « AgCl
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Quantitative Estimations and the Purity of Triphenylmethyl
Analysis by the method of oxygen absorption of triphenyl-

methyl solutions prepared from trirhenylchloromethane and mercury
or molecular silver under widely variant conditions indicated that
pure samples of triphenylmethyl solutions are readily prepared,
From 97 to 101% of the theoretical absorption, calculated on the
assumption of quantitative conversion of the chloromethane to free
redical, was slmost invariably obtained.

The silver salt reductions were studied quantitatively
using aliquot portions of standard triphenylmethyl soluticns pre-
pared as indicated above since, from the results of oxygen absorpe
tiona, it appeared unnecessary to isolete the crystalline ethane
ir order to obtain pure samples., These solutions, approximately
0.2 N with respect to triphenylmethyl, were prepared directly in
100 cc. volumetric flesks. An epparstus was constructed by means
of which accurstely measured 10 cc. portions couléd be transferred
without exposure to oxygen,

suantitative studies of the reductions by triphenylmethyl
were made with silver acetate, benzcate, phenylacetate, p-chloro-
behzoate, nitrete, and perchlorate. Although solutions of tri-
phenylmethyl prepared under identical conditions absorved 87 to
1014 of the calculated amounts of oxygen, only B85 to 904 of the
expected amounts of metallic silver were liberated from excess of
the varicus silver salts. The agreement between duplicate deter-

minetions with the same salt, and between values for different
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silver salts, however, was very close.s

That the discrepancy between the two methods--oxygen
absorption and silver salt reduction--is not Zue to eguilidbrium
reactions in the second method was estadblished in the following
xzanner. Carefully welighed samples of silver acetste ~né silver
rerchlcrate were allowed to react with excess of pure crystalline
hexaphenylethane, Under these conditions, reducticn of the salts
to metallic silver is coxmplete, and it 1is evident then that we are
not dealing with eguilidrium reactions., Moreover, those esters
which result from the scticn of triphenylmethyl on silver salts,
éo not react with moleculsr silver to form trirhenylmethyl. After
long shaking with moleculsar silver in tenzene they are reccvered
unchanged and in excellent yleléds,

tnalysis of triphenylmethyl sclutions by iodine titretion
according to Ziegler's ;rocedurezg. like the 2nalysis by silver
salt reduction, gave results which were 1 to 12% lower than ex-
pected on the besiz of the original chlorozmethane or {rom the mea-
surement of oxygen sasbsorytion, Fowever, the values obteined by
satimetion of 1odine abscrption were the same =8 those found by
estimetion of the silver liberated from silver salts.

Any errors in the methods of analysie which might have
been introduced due to impurity of triphenylmethyl sclutions and

differences in the exrerimentel technique, were eliminated by

8Two exceptions were noted. Silver nitrate consistently gave 10%
less silver than the other salts, possibly because of oxidation of
triphenylmsthyl by the initislly liberated nitrate fion instead of
by silver ion. Silver carbtonate failed to react completely with

trirhenylmethyl,



 ana1yz1ng freshly prepared samples of orystalline hexaphenyletkans.,

The rrocedures were such that any discrepancies in the results
should be due to differences inherent in the methods. Whereas
these samples absorved 101 to 103% of the calculated amounts of
oxygen, only 88 to 904 of the calculated amounts of iodine were
absorbeds, and 88 to 90% of the expected metallic silver was
literated from silver perchlorate,

The discrepancy in these results is probably due to an

inherent inesccuracy in the oxygen absorrtion method. For the

reasons previcusly discussed (page 7), the analysis by oxygen
abscrption undouttedly leads to high results. The values as deter-
mined by iodine abscrptidn and by the libveration of silver are
probably, within experimentel error, correct, snd are low only
btecause of the impossibility of isoleting entirely pure samples cf
nexaphenylethane. That oxygen absorpticn does give reerly the
suprosedly correct result may be attributed to the cancellation of
two errors operating in opposite directions to the same, or to nearly
the same, extent, _

An sttempt to utilize Ziegler's oxygen absorption methodZ6
in the presence of pyrogallol for the guantitative estimation of
triphenylmethyl proved fruitless. The results of such analyses

were invariably erroneous for reasons which are discussed in the

experimental portion.

8In e single case, 93.5% of the theoretical iodine was absorbed.
Yhether this was the result of an unusuelly pure sample, or of an
error in the anslyses, cannot definitely be stated.




Reducticn of Silver Salts by Ethanes
More Hyghly Dissociated then Hexaphenylethane
Tetraphenyldibiphenylethane (XII), tetrabirhenyldiphenyl-

ethane (XIJI), and tetraphenyldi-l-naphthylethane (XIV) were chosen
as typical of the hexaarylethanes more highly dissociated than hexa-
rhenylethane33. Silver acetate and silver perchlorate were likewise
chosen for typical exanples of the two types of reduction.to be
expected, the acetate undergoing a relatively slow reacticn due to

1ts insclubility and the perchlorate diasclved in toluene undergoing

Q9

rapid reduction,

Q

H

-

Q0

E’\.,
C)C)%O

v v (
N

Voo

XI1 X111 IIv

The reductions bty these free radicels occcur in a zanner
very similer tc those found with trichenylmethyl. 1In cach case
silver perchlorste was immediately reduced and in sdditiom to
metellic silver, a precipitate having the‘colar of the corresronde
ipg insoluble triarylmethyl perchlorate was formed. Wwith silver
acetate decolorizetion of the solutions, sccompanied by liberation
of silver was complete within one to two hours,

Comperative cuantitative determinations of the reactions
of diphenyltiphenylmethyl (XII) and diphenyl-l-nephthylmethyl " !
(XIV) solutions with oxygeh, jodine, silver perchloreste, and silterk
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acetate were also made. With both rreé radicals, separate ssmples
yrepusred under identical conditions absorbed nearly the calculated
amounts of oxygen (96 to 974), but only 85% of the calculated amount
of free radical was found by the other methods. The agreement between
analyses by i1odine titration and by silver literation however, was
again very close, Evidently here again, as with triphenylmethyl,

a discrepancy of 10 to 1294 between oxygen absorption and the two

other methods is encount ered,

The Reduction of Silver Salts by Slightly Dissociated ¥thanes

The reactions with a number of slightly dissociated
ethanes appeared of interest in order to determine qualitatively
tc what extent the reduction of silver sslts depends upon the
presence in soluticn of an appreclable concentration of free rsdi-
cal. It was also hoped that slightly dissociated ethanes might be
obtained in a greater purity because of their greater stability
toward oxygen. Diphenyldifluoryl (XV) and dibiphenyldifluoryl
(XVI) appeared to be 1deal for these purposes. Measurements of
the molecular weights by SchlenkS4 indicate that both compounds
exist entirely in the bimolecular form, i.e., as ethanes. On the
basis of their behavior toward iodine, and from the intensities of
the colors produced by the heated solutions, he concluded that
the biphenyl derivative, in contrast to expectation from the
relation of triphenylmethyl to diphenylbiphenylmethyl, is more
stable than the phenyl derivative. No attempt to Telate d4i-1-
paphthyldifluoryl (XVII) to the other members of this series has

been made,
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¥hen crystalline diphenyldifluoryl is treated with a
ﬂ 1 N sclution of silver perchlcrate in tcluepe, a slow redaction
tc metallic silver cccurs. The first visidble sigzn of reduction is
tte development of a pale yellow cclor in the sclution in thirty
minutes fcllowed within six hours by the production of a deep red
sslutlion and an appracsiable precipitate of silver, Crystalline
aibiphanyldifluoryl on the other hend produces a definite precipi.
tate of silver in tairty =minutes znd a much more deeply colored

solution., From these 3iffsrances in the rate of reducticon of silver

perchlorate, 1t would te concluded that the 2ivbiprenyl 2erivative
A4g53ciates more rapldly than the diphenyl derivative. ¥From the

twWS straaturea, despite Schlenk's conclusions, this is the order
which i3 to be expecteld, Nejther of these ethanes is apparently
sufficiently dissociated at room temperature %o reduce silver
acetate. However, when 3ibiphenyldifluoryl was shaken at £0¢
with silver acetate s very slow reduction to metallic silver oC-
curred,

Due to instadility of l-naphthylfluoryl (page 30} only
the reaction of this compound with silierfperchlcrate was tested,
An mlmost instentsneous precipitation of silver resulted. This

rapid reaction. together with the ;apld rate of oxygen sbsorption



22

by l-naphthylfluoryll® indicates qualitatively that the dissocla-
tion of this compound is of the same order of magnitude as the |
dissociation of “hexaphenylethane,

For the quantitative estimation of the silver liberated
from silver perchlorate the reactions with diphenyldifluoryl were
allowed to proceed for three to five days, and sufficient silver to
account rfor 934 of the ethane was liberated., However, when excess

of the ethane was allowed to react with silver perchlorate, approx-

imately 54 of the silver was not reduced. This fallure to reduce
silver perchlorate completely mey indicate that the reaction in
this length of time is incomplete, or conceivably that eguilibrium
is attained at this point} with dibiphenyldifluoryl, quentitative
reduction of silver perchlorate by excess of the ethane resulted
in three days, but with excess silver perchlorate here again only
884 of the calculated amounts of silvér were liberated,.

Roth ethanes (XV and XVI) in the presence of pyridine
slowly absorb iodine at room temperaturz. With the éiphenyl
derivative, however, no starch endpoint could be obtained., 1In the
titration, instead of the formation of a blue color, near or at
the endpoint a dirty yellow turbidity was observed. Exocess iodine
414 not cause a blue endpoint but only increased this turbidity.
The difficulty is caused by the pyridinium iodide formed in the

reaction:

C%P e % Q z%.b




In a blank experiment under the conditioms of the titration, it

alone caused the same endroint characteristics., The iodine titra-
tion of biphenylfluoryl was conducted without difficulty, dut the
value, 89¢ agreed within experimental error with the silver titra-
tion.

Pentaphenylethane {(IVIII} is the most stable polyaryl-
ethene which will cause reduction of silver perchlorate at room
temperature., On the sssumption that the reacticns izvolved are
the following:

(O W-CECDly ——— ({(O-1aC + (Criger
| Aecic, ALl
(XYIII} AZ° + {({T-1,C-0C10; a8°% + () ,CE-0C10,

43% of the calculated sliver was zﬁterateé ty shaking ;emtafﬁenyl-
ethsne »ith s 2.1 N toluene sclution ¢f silver perchlorete for four
monthas, The first visible reduction in this cese ococurs only after
ten %o twelve 2ays, whereas with 1,1,i-tripzenyl-2,2-d1idiphenylethane

{XTX} an? 1,1,1,%-tetraphenyl-2-{l-nsphthyllethane (X)) metallic

¥

sliver i3 formed in twc toc three deys. On the other hand, 1,1,l-tri-
phenyl-2-birhenyleneethane {XXI) was not reduced in six months.
These Aifferances in the rstes of reducticon are again in the order

expected orn the tasis of the structural differences of the ethanes.




The extreme sensitivity of silver perchlorate to slight
concentreticns of free rsdicals wes alsoc evidenced ir another way.
In the table below sre given the texmreratures at which visitle
color is obteined with jentearylethzpes in ethyl benzoete glcne35,
snd the temper=tures st which a turbidity dué to reducticn of C.1 R

siiver perchlorste in toluene by the same ethenes, is visible,

Ethape Turridity golor
Fentatheryl 54° i08e
Triphenvlditichenyl sS4 93
Tetraphenyl-l-ngphthyl 73 8%e

Concentretion of ethene: Q.02 ¥
Gate of neating: 2%/minute

Opvicusely the reduction resction affords s mcre sensitive test
5T the rresence of free re=dicels toar the production of colicr by
the ethenes in the stsence of the silver salt,

varicus ettempts were mede to detect differences in the
vieldg of silver st elevzied lemperatures as engendered by differ-

el

L
|

entearyletharnes

-

s
th
.

ences in the Alssocisticn tendencies ¢f varim
1

¢, however, only if the stabilities are reller

70% of the cslculated silver at the btolling point {11C*) ir ten
Snutes, no reduction by triphenylbiphenyleneetliane {XXI) occurred
at that temperature even after five hours. The principel 2ir7i-
culty preventing juantitetive compaerisons at elevated temperstures
is thet at these t&aper&tﬁres there 13 decam?ﬁsitic& which in some

way csuses re-sclution s:vaetallic gilver originally literated by

the desired r@@ction. ?hgbfallowing exanple is typieal:




Reactions ({O-)13C-CE( ) + AgClO —=
2 A8° + ({O-)3C-0C103 + (<~ )2CE-0C105

Time of Heating at 110° Yield of Silver
10 minutes . 65.1%
30 » 71.0%
60 » 78.0%4
90 " 56.6%
180 " 32.3%

This decomposition s apparently quite complicated. Z¥ven though
heating at the bolling point for short perioda gave relatively
high yields of metallic silver, none of the expected organie
products could be crystallized from the reaction mixtures,

An attempt was glse made to determine the extent of reac-
tion of pentsphenylethane with iodine in the presence of pyridine
et higher tempersatures., Complete reaction would of es~urse corrob-
erate the previously irtimated assumption that the resction of
iodine with free radicsls, in the presence ¢of pyvridine is gusnti.
tative, ¥However, like phenylfluorylpyridinium iodide, diphenyl-
methylpyridinium iodide formed in the reaction prevents the forma-
tion of the starch-iodine endpoint. W%ith very small samples this
interference is avoided, and as high as 95% of the calculated
absorrtion was found. The accuracy of the sn=2lw¥sis under these
conditions is however not great enough to %ermit definite conclu-

sions as to the gquantitative nature of the reaction.

Mechanism of the Reaction in the Reduction

of Silver Salts bx'Dzasoeiable Ethanes

It should be expected, a priori, that the reduction of
silver salts by dissociable ethanes proceeds only through inter-
action of the silver salt with the free ramdicals resultinz from
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dissociation of the ethane and not by direct reaction of undissoci-
ated ethane with the silver salt. If such be the case, the reduc-‘
tion proper would be expected to occur instantaneously, and hence
the overall rate of reection would dbe governed by the rate of disso-
ciation of the ethane which gives rise to the free radical. Our
results with slightly dissociated ethanes indicate gqualitatively
that this hypothesis is probadly correct.

A critical test of the hypothesis depends, of course, upon
a study of the kinetics of the reaction of these compounds with
sjlver perchlorate solution. Thus far, no ethane investigated has
proven entirely suitable for this purpose, and we are unable then
to state definitely whether these reactions involve reduction of
silver by free radicals alone, or whether also the less 1ikely pos-
8ibility of a direct reduction by undissociated ethane occurs con-

currently.

The Reduction of Silver Salts by Eiradicals
Ingold snd Msrshall®® have reported that 9-10-diphenyl-
anthracene (XXII) in boiling xylene develops, reversibly, a color

which they attribute to the formation of the dbirasdical:

It will be recalled that pentaarylethanes rapidly reduce silver
perchlorate in toluene solution 10° beldw the temperatures at
which a visible color due to free radicals is produced. Therefore,

it was expected that at the boiling poiat of xylene (140°), Ingold's
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compound should csuse a rapid reduction of silver perchlorate to
metallic silver. No such reaction ensued, and after five hours
heating at the boiling point, the original hydrocarbon wes recov-
ered. That reduction of silver perchlorate by free radicals, if
such be present, can teke place at such elevated temperatures was
proved by heating triphenylbiphenyleneethane (XXI) with silver per-
chlorete in g-dichlorobenzene, Rapid reduction occurred at adout
185¢, This compound in ethyl benzoate gives a visidble color at
17033,

Tachitschidbadbin's hydrcearbton, p,p'-biphenylene-bis-
(@iphenylmethyl) (XXIIT) is another intereating example. Although
the compound in solutiocn is extremely sensitive to oxygen, MMller
and Hﬂller-?oﬁlotr37, from measurement of the parsmagnetic suscep-
tirility, corcluded that nonetheless, it is not s biradicel, They

admit the possibility of an ejquilidrium

Po-Cal (T mC-Pp == #2-C-~CrC-72
xIIr ?

with not more than one percent of the biradical in order to account
for the sensitivity of the compound toward oxygen. Hﬁckelss. on
the basis of quantum theory considerations, has concurred with the
viewpoint that this compound should be diamagnetic, and heance not
a biradical, in contrast to the corresponding m,m'-derivative,
which he regards as paramagnetic,

In view of this inaformation, it was somewhat surprising
to find that the esbasorption of iodine and the reduction of silver
perchlorate by this hydrocarbon are quantitative, and nearly

instantaneously complete. On addition of the intensely purple



solution of the hydrocarbon to a solution of silver perchlorate in
toluene the purple color disappears at once and an immediate copre-
cipitation of metallic silver and the deep red perchlorate of the

biradical results:

B2-C-( O -C-F2 + 2 AgC1O4 — ’z*CO‘C}?'“z + 2 2g°
$0103 0C10+4

Because of the intense color of the hydrocarbon it was salsc possi-
ble to note that complete decolorization by iodine solution in the
presence of pyridine is accomplished almost instantaneously at
room temperature. In a qualitative experiment with silver acetate,
the color of the hydrocarbon completely disappesred in thirty
minutes, It will be remembered that such reactions were noted
only with those hexaarylethanes which are appreciebly dissociated
at room temperature, It is of interest that in this case too,
the quantitative estimation by means of 1odine and silver perchlor-
ate agree within experimental error.

In contrast, p-phenylene-bis-(diphenylmethyl) (XXIV)
reacts only very slowly with silver perchlorate or with lodine.
After five days shaking, only 30% of the calculated silver was
liverated, and similarly with iodine in the presence of pyridinq,
approximately 60% of the calculated 1odine was absorbed. The
tendency br this compound toward radical formation may be consid-
ered therefore as intermediate between that of pentaphenylethane

and that of diphenyldifiuoryl.

fo-CoomC-fa = HC<_~C-P2
| XXIV
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The Reduction of Silver Perchlorate by Tetraphenylhydrazine

In an attempt to determine whether silver perchlorate is
reduced by elements, other than carbon, in an abnormal valence state,
the effect of tetraphenylhydrazine (XXV)S? was tested. A reduction
to metallic silver to the extent of 60% of the calculated was ob-
tained, assuming the rcaction:

00 _ 0
8—-—-5!-‘-2 _2_‘5'5.%2380,----
00" 0

v

However, no further investigation of this apparently complicated

resction was made,

The Synthesis of Slightly Dissociated Ethenes

In most cases, the svntheses of the ethanes used in

these experiments have tbteen adeguately described in the literature.

Both of the previously reported methods for the ;reparation of
diphenyl- and dibiphenyldifliucryl nowever>®s 40 jpvolve rather
laborious procedures and result in low yields. Ve have therefore
extended a previously unreported method for the preperation of
diphenyldifluoryl to the preparation of several other ethanes,

In connection with snother problem, Gomberg and Clarkson4l
found that the action of sodium iodide on 9-phenyl-9-chlorofluorene
leads not to 9-phenyl-9-icdofluorene, but to the formaticn of the
ethane, 9,9'-diphenyldifluoryl:

N

f\Q
2 (T-£-C1l + 2 Nel _8Cetone, » -1 —.—)C{S—W‘I




30

We have found this method to be of general applicability
in the preparaticn of slightly dissocliated ethanes., The reaction
vecomes feasible in these cases because of the stability of the
ethanes as compared to the lability of the corresponding iodo
compounds,

When 9=-(l-naphthyl)-9-chlorefluorene was treated with
sodium io0dide in acetcone, a product which absorbed only 50% of the
calculated amount of oxygen was obtsined, Wenscheldt and Molcav-
sk116 have prepared a similarly impure ethane by the action of
stannous chloride on the corresrondéing cerbtinol, or by the action
of metals on the corresponding hslomethenes, and we have now shown
that this impurity is the result of a relatively rapid sponteneous
deccomposition of the free radicel, l-naphthylfluoryl., Unlike most
triarylmethyls, which on polymerization decompose to a dimer, this
free radicel polymerized to a product or products of molecular
welght higher then that calculated for a diner.

The sodium iodide method cennot be applied to the prerara-
tion of hexaphenylethane tecause of the relatively slight dissocla-

tion of triphenyliodomethene into triphenylmethyl ané icdine,
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A

EXPERIMENTAL

Preparetion of Starting Materlals

Triarylnethyl Halides

Tripbenylehloromethane was frepared from benzene and

carbon tetrachloride4? and by the action of scetyl chloride on tri-
phenylcarbinol53. It was recrystallized from benzepne and petrcleum
ether, then dried and stored in a vacuum desiccator containing rhos-
rhorus pentoxide, sode-lime, snd rparaeffin, Anelysis indicsated 99.4
to 1004 of the calculated amounts of chlorine,

D;gpenng1pbenyfcnloromethene.- 4-Thenylvenzorhencne was

prepered from tiphenyl and benzoyl chloride4®, The crude ketonme
was best purified by vacuum distilletion, the fraction boiling at
225.2725¢ /3 mm. being collected. Omn recrystallization from acetone,
an 844 yield of the pure ketone was obteined. Diphenylbiphenyl-
cerbvinol was prepared from the ketcne end phenylmagnesium bromidedd,
™he chloride wzs obtained by the action of acetyl chloride on the
carbinol. Recrystallization of the crude product from btenzene and
petroleum ether gave a 90% yleld of pure chloromethanef4. Anelysis
indicated 99.2% of the calculated chlorine.
Phenzldib1Ehenzlchloromethane.- 4,4'-I'iphenylbenzophencne
was prepared from oxalyl chloride and bviphenyl according to the
directions of Eachmann‘ﬁ. ¥xcess biphenyl was most readily removed
by fractional vacuum distillation. The fraction boiling at 295-
310*/2 mm. consisted of the nearly pure ketone which was purifried

by Sohxlet extraction with toluene. The yield was 78%. The
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cartinol was prepared by sddition of the finely powdered ketone to

a slight excess of phenylmagnesium bromide in ether-tenzene. As
rrevicusly found ir this 1aboratory33, and contrary to other rerorts,
the addition occurs without necessity of replacing the ether-tenzene
by xylene44, and no difficulty was experienced in crystellizing tke
reaction product from benzene and petroleum ether4f, The yield was
9684, The chloride was rrepared from ecetyl chloride and the carti-
vel, a drop of vyridine teing sdded to the reacticn mixture before
sdditicn of petrcleum ether to destroy the deep red color which
formed., The recrystsllized product was obteined in 294 yield and

melted at 1%4.5¢, Anslysis indicated 99.6% of the calculeted

chlorine,

Eiphenyl-1-n&ghthylcﬁlercm&thane.- EFastmen's diphenyl-l-
naphthylcerbincl wes recrystellized from benzene and petroleum
ether and converted to the chloromethane by meesns of acetyl
chloride4?, Anslysis indicated $7.3% purity,

9-Thenyl-9-chloroflucrene.- 9-FPhenylfluorencl was pre-

pared ir 1% yleld frox fluorenone and rhenylmsgnesium broxide4d,
The compound, recrystallized from benzene and petrcleum etber,
melted at 109-10°, The chloride vwas prepared from the carbinol
and acetyl chloride, It wes recrystallized from petroleum ether
and obteined in 824 yleld; m.p. 80-1°49,

Q-E1§hen11-9-chlorof1uorene.- As found in this labtores-

tory by Schoepfle50, and contrary to previous reports by
Sehlenk34b, 9-biphenylfluorencl was readily prepared from fluore-
none and biphenylmegnesium bromide. The yield was 94% of the

calculated, based on flucrenone. The chloride, prepared from the




carbinol and acetyl chloride, was recrystallized from tenzene and
petroleum ether; yleld, 95%; m.p. 138-9034b,

9-{l-naphthyl)-9-chlorofluorene and 9-(l.paprhthyl)-9-

bromofluorene.- 9-{l-nerhthyl)-fluorenol was prepared by the method

of Ullmann and Yurstemberger®l. This carbinocl, recrystallized from
tenzene erc petrcleum ether, melted at 155-6°, The previously re-
ported melting point is 151.5°, The chloride was prepared from the
carbirol and acetyl chloride. The recrystsllized pfoéuct was oObe
teined in 324 yield, m.p. 149-50°18, The bromide was rrepared from
the cardinol and'acetyl btromide. Recrysisllized from benzene and
petroleum ether, it retaired a2 slight vellow color; yield, $2%;

m.;‘*. 194‘5616

p-Thenylene-tis-({dirhenylchloromethane).~ [p-Fhenylene-tie-

(diphenylcarbinol) was prepared from dimethyl terphthalete and pheryl
magnesium bromide followirg the directions of Ullmann and Schieep-
zerS2, The chloride was rrepared ty dissolving 10 gms. of the
carbirol in 50 cec. of hot benzene, and adding 3slowly to this solu-
tion 10 cc. of acetyl chloride. The mixture was refluxed for one
hour, during which time the colorless chloride rprecipitated. After
ccoling the mixture, the crystals were filtered and thoroughly
washed with benzene; yield, 94%; m.p. 246.7052,

p.p'-Biphenylene-bis-(diphenylchloromethane).- p,p’'-Dibten-

zoylbiphenyl was prepared according to the directions of Schlenkss.
except that purificaticn by recrystallization from nitrobenzene was
avoided. The crude product was instead distilled at 2 mm. pressure
end recrystullized from g-dichlorotenzene, The yield of purified

product was 64%, The carbinol was rrepared in 95% yield according
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to Schlenk's directions,

A mixture of 12 gms. of p,p'-biphenylene-bis-(diphenyl-
carbinol), 15 cc. of acetyl chloride and 50 cc. of dry benzene was
refluxed for one and one-half hours. The chloride which precipi-
tated on additiocn of 50 cc. of petroleum ether was recrystallized
from bgnzene end petroleum ether. The yielé of recrystallized
product was 85%, m.p., 2185222.5054. Chloride enalysis indicated
a purity of 99.5%.

Pentaarylethenes

Penteerylethanes vere prepared by the reaction of tri-
rhenylmethyl sodium with the corresponding diarylbromomethanesza.
In each case the ethane was recrystesllized from benzene and alcohol
and édried in vacuum at 80-100* to completely remove solvent of
crystellization, The melting points in nitrogen checked those

given in the literatureSS,

Silver Saltse

Except for silver phenylacetate and =ilver-p-chloroben-
zoate, the salts used in these experiments were the available C.P.
materials, Silver phenylacetate and p-chlorobenzoate were prepared
by adding a slight excess of silver nitrate solution to a solution
of the corresponding acid containing 5% less than the theoretical
amount of sodium carbonate. The salt whigh%precipitated on cooling
was recrystallized from hot water.

The salts of organic acids were dried in a vacuum desice-
cator over phosphorus pentoxide; the inorganic salts were dried in
the oven at 110® for two hours. Hydrated silver perchlorate was

'.'drigd for at least three hours immedlately before use. One-tenth
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normal solutions of silver perchlorate in toluene, if carefully pro-
tected from light remained colorless for four to six weeks; after
that period a slight darkening cccurred end on longer standing a
black precipitete formed,

Aralysis of the organic salts end of silver perchlorate

irdf{cated ir every case a purity of 39,.8-100%,

Solvents end Wetals

Commercisl bromctenzene vwas purified and dried by redis-
tillstion, the first 17¥% being discarded. Teagemt guality thic-
pherne-free benzense was dried over sodium wire anéd used without
further purificaticn. Commerciel toluene wes purified by redistil-
letion and 4ryving over sodium wire,

The mercury used was the redistilled product, 4dried at
110¢ for twe hours, ¥Yoleculer silver wes prepared scecrdlng to
the directicns of Gomtergc®, except that final 4rying cover phos-
phorus rentcxide in & vacuunm fOor twC weeks was founﬁ-sufficient te
remove the last treces cof moisture., A sample heated 2t 250°¢ in a

stream of 4ry nitrogen for twenty hours showed no lose in welght.

Tatimation of Oxvgen ibsorption

The spparatus for the measurement of oxygen absaorption
by triarylmethyl rsdicels was of the stapndard type descridbed by
Gomberg apd SchoepfleS7. The retainins 1iquid used in the gas
buret was in each case the same as the solvent for the triaryl-
methyl. #ith benzene =nd toluene the correctionm for the vepor
pressure of the solvent was applied; no correction was deened

necessary for the vapor pressure of bromotenzene.
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Sampies for the direct determination of oxygen absorption
were prepared by carefully weighing into a constricted test tube,
1.0 to 1.3 gms. of the pure triarylchloromethane and an equal weight
of molecular silver or a docuble weight of pure mercury. After replac-
ing the air in the tube by nitrogen, the tube was filled to the
constriction with solvent and sealed off in a small flame. It was
then wrapped in black cloth and placed on the shaking machine,

viith tripbenylmethyl solutions prerared in bromobenzene,
experience showed that if the apparatus was filled with pure oxygen
and the absorption allowed to proceed until no further contraction
could be noted, the process required from one and one-half to two

hours. The absorptions of oxygen corresponded to 105-110% of the

calculated amounts, on the assumption thet conversion of the chloro-
methane to free radical had occurred guantitatively. If, however,
the absorption was run in air, the oxidation was complete in four
to five minutes, and with the purest samples led to only slightly
high results. A stendard procedure of shaking the free redical
solution in an atmcsphere of air for five minutes was thereafter
adopted,

Samples of triarylmethyl radicals prepared in bromobden-
zene from mercury or molecular silver and shaken for at leest two
deys absorbed, under these conditions, from 97 to 1014 of the cal-
culated smounts of oxygen. Although solutions prepared from mer-
cury contained traces of halogen, it could not be shown that this
halogen was derived from unreacted triarylchloromethane. With
benzene Or toluene as the solvent, our experience indicated that
the moat reliadle r.sults were obtained with solutions prepeared

: with mercnry. Uaing this metal, 96-1004 of the calculated




absor;tion resulted.

Estimation of Triasryvlimethyls by Jodine Absorption

and by Silver Liberation

Preparation of Triarylmethyl 3olutions.- Solutions of

trierylmetbyl redicals tc te used in these anzlyses were prepared
directly in 100 ml., volumetric flasks, the stoppers of which were
excellently ground and secled with a specisl grease®3, Five to
sixy gms., of the pure triarvlichloromethaene was carefully weighed
irto the flask which wss then filled to the merk with the desired
solvent. The &ir 2pasce was thoroughly flushed with nltrogen, 2
ce. of mercury end a l1ittle lesd powder was added, and the flesk
gulckly s3toprered. Vhen moleculer silver was to be used for
abstracting the halogen, the chlorcmethane and double its welight
of silver {weighed to .0l gm.) were pleced in the flask. The
flask wes then evacusted end £illed with nitrogen several tlzes
refore £41ling t¢ the mark with solvent. 3Since the formaticn of

f1lver cnloride produced no detectadble chenge the volume of the

m

solution wes founéd by subtrecting from 100 mi. the wolume origi-
nally occupied by molecular silver. The stoppered flasks were
wrepped in tlsasck cloth arnd placed on the shaking machine.

Apraratus.- The sprarstus used for tranaferring these

saslutions in the absence of oxygen is shown in Diagram I. The

entire system was evacuated and filled with pure dry nitrogesn, the

process being repeated several timea, After cuickly replecing an
empty flask at A by the volumetric flask conteining the stock
soluticn of free radical snd after flushlng the smell gas space

through the stopcock C, the flask wes raised so that the tip of
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the siphon tube was just above the precipitate of metal and metal
halide. The solution was then forced under positive pressure
through a hardened filter peper at ? and into the buret BE. The 50
cc. glass stippered Erlenmeyer flesk D was replaced bty ancther cone-
tzining the Cesired reesgent, and after flushing this flask with a
stream of Nitrogen for fifteen to twenty minutes, it wes protected
from alr by Slosing the stopcock E. A measured volume of free radi-
cal soluticl wss then introcduced. Eefore removing =2nd quickly stop-
rering the Erlenmeyer flask, the turet wes filled for the next
saxzyple.

In those czses where cxygen abscrptions were zeesured on
these scluticns, the semple wes psssed intc a constricted test tube
which hed teen previcusly fillled with nitrogen. The tube was then
sesled in & Small flame,

The entire turet arrangement was enclosed in a framesork
sovered with Black cloth in order to minizize decomposition by light.

Estixation of Iodine “bsorted.~ The method was essen-

ti{zlly the® 2escribed ty Zieglergg. Cne-tentl normal solutions of
1cdine were Frepered in a mixture of 930 cc, of g-dichicrobenzene
sepd 50 cc. °f pyridine. Eromoltenzenme or chlorcform served egually
well as the Solvent. In corder to prevent precipitetion of the tri-
arylmethylr¥ridinium icdide, it was convenient tc have present, 5%
of abszoluté alcochol., The reasctions then tecome:

330-1 . Caﬁseﬁ —l R3C—C"»Czﬁ5 + HI
Bl e NOo—> g g
The proceldure was &s follows: 25 cc. of the above stend-

ard jodine sClution was pipetted intc a 50 cec. glass stoppered

?rienmeyer flask, If alcohol was to be used, 1 co. was added at
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this stage. A measureﬂ volume of free radical solution was then
added by means of the apparatus described abovo.’ After allowing
the reaction mixture to stend at least thirty minutes, the solu-
tion was transferred to a 125 cc. flask end 25 cc. of NagSp0s
solution slightly stronger than 0.1 N was added by means of a
pipet. The mixture was shaken until the iodine color disappeared,
then diluted to 100 cc. and the excess of thiosulfate titrated
with 0.1 ¥ agueous iodine solution. The difference between the
volume regquired for such s sample ané that regquired for a blank
iun in the sam< manner, corresponds to the vclure of aquecus lodine
solution required by the free radical.

Zgtimation of Siiver Liverated,- In =2 50 cc. glass

stoppered Erlenmeyer flask, a 50% excess of the silver salt was
suspended in 25 cc. of benzene or toluene, In the case of silver
perchlorate, 25 cec, of a 0.1 N solution in toluene was used. By
meens of the apperstus descrived, 10 cec. of the stock so;ution of
free radiczl was then sdded, All resction mixtures except those
involving silver perchlorate were shaken over night before analyz-
ing for metallic silver liberated. Vith silver perchlorate the
analyses could be made safely after shaking for thirty minutes,

| The metallic silver which formed in the resction mix-
tures was separated by decantation, passing the supernatant liquid
through a fine Jene funnel to prevent loss of the finely divided
black or grey powder. It wes freed from the triarylmethyl ester
and excess silver salt by successive washing with acetone, 3% am-
monium hydroxide, and finally with water. Separate exreriments

showed that ammonium hydroxide of this concentration rapldly



dissolved the silver salts used, but even on long standing with
molecular 8ilver no detectable amount of the metal was dissolved.
The metalllc Silver was then dissolved in hot 7% nitric acid and
titrated »ith 0.1 N KCNS,

The results of these experiments are shown in the follow-

inz tabtles.
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Analysis of Crystalline Hexaphenylethane
The isolation of orystalline hexaphenylethane was car-

ried out in a dbuldb of the modified type described by Bachmann and
Kloetzelsg. Solutions of triphenylmethyl in benzene prepared from
triphenylchloromethane and mercury were siphoned into the bulbd in
a nitrogen atmosphere. After removal of the solvent at 50-80°®
under reduced pressure, the yellow oil was dissolved in hot acetone
and allowed to crystellize over night. The next morning the sol-
vent was drawn off and the crystals washed thqroughly with cold
acetone, The crystels were dried alternately in a stream of
nitrogen and in vacuum for one hour et 50-60*., The ethane thus
ﬁrepared is free of solvent,--a 1.3 gm. sample heated at &5.70Qe
for one hour and then at 85-95° for another hour suffered e totsl
loss of only 0.8 mge.

In an atmosphere of carbon dioxide, samples of the crys-
talline material were trans-
ferred to small glass tubes |
which were then tightly
stoppered, The tubes were
carefully weighed and the
samples transferred to 50

= e
cc, Erlenmeyer flasks pro- il L Qéa

vided with ground glass
stoppers. These flasks
were immediately evacu-

ated and filled with

DIAGERANM IT
nitrogen by means of the



apparatus shown in diagram II. Twenty-five ¢c. of 0.1 N 1odine
solution or 25 cc. of 0.1 N silver perchlorate solution was <then
introduced through the separatory funnel. ¥ith silver perchlorate,
it was necessary to place several sharp glass rods in the £} ask,

or first to dissolve the crystalline ethane in benzene or toluene;
otherwise the crystals became coated with triphenylmetbyl perchlor-
ate and failed to react completely. After all the samples had been
transferred in this fashion, the glass tubes were reweighed , the
loss in weight in each case representing the quantity of et hane
used,

Samples of the ethane for oxygen absorption were weighed
into constricted test tubes which were immediately filled with
ritrogen, then with bromobenzene and quickly sealed,

The analyses in each case were male as descrided <for
trirhenylmethyl solutions (page 35, 38). The results of the

analyses are shown in Table III,
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Reduction of Silver Perchlorate and Silver Acetate

by Excess of Hexaphenylethane

These experiments were conducted in the manner described
for the mnalyses in the immediately pr=ceding section except that
the silver salt was cerefully weighed and allowed to reacﬁ with a
known excess of crystzlline hexaphenylethane. With a 0.4224 gn.
saxple of aphydrous silver perchlorate and a €0% excess of hexa-
rhenylethene, 98,9% of the silver salt was reduced to metallice
silver. A 0.2801 gm. 3ample of =zilver acetste, ellowed to react
with an 80% excess of hexsphenylethane, gave §8.1% of the calcu-
lated amount of metallic silver. W#ith $.4994 gm, of silver acetate
and C.728 gm. of hexaphenylethane (theoretically eguiveslent quanti-
ties if the hexaphenylethene is pure), 32.5% of the original

silver acetate was reduced,

Oxygen Absorption in the Fresence of Pyvrogallol

In order to reproduce =8 nearly as possible the condi-
tions of Ziegler's experimentszé, 0.5 gm. samples of triphenylmethyl
were rrepared in toluene from triphenylchloromethane and mercury
in constricted teat tudbes, the bottoms of which had been blown to
thin btulbs which could be easily troken, 5rter shaxing for two
days, the tube was placed in a Drechsel bottle containing a solu-
tion of 1 gm. of redistilled pyrogsllol in 30 cc. of ethyl benzoate;
in all other respects the apparatus was the same as for ordinmary
oxygen absorption. In starting the =sbsorption, the thin dbuldb was
broken under the surface of the ethyl btenzoate solution before
any oxidation could occur., This was done in order to prevent

formation of the stable symmetrical peroxide, J5CCOC#; (Reaction A
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below)., As =oon as the oxidation had begun, the solution, presum.
ably because of dehydrogenstion of pyrogallol by the peroxide radi-
cal, §5C00-, assumed a deep red color. From this point on, the
totel absorption of oxygen is governed by the mesnner of m=nipule-
isn., If oxygen is introduced rapidly, the solution retains its
red color to the end, and e total abaorption of not more than
20.9047 of the calculsted results irn sbout one hour. I1f, however,
with the initial eppecarance of the red color, the soluticn is
gwirled without further access to oxyeen, it is decolorized by
the s%t11] unoxidized triphenylmethyl., If the oxvgen 1s hence-
forth introduced intermittently i small =mounts, then the red
¢olor 1s altermsately reformed and discharged, snd the total oxygen
sbtsorption in sbout one Lour amounts to only 30-20% of the calcu-
lated,

%e interpret these results as follcows: It is known that
triphenylmethyl reacts readlly and irreversitbly st room tempersture
with simple zulinones such as venzouulinone:

2 FaC ¢ 0eTm0 —> #3300 >-0C¥3
and the resulting colorless ethers are stable compounﬁseo. In the
oxidation of triphenylmethrl in the presence of pyrogallol, the
dehydrogen=stion of pyrogallol by the interﬁediate radical, ¢3€GG-,
must result in the formation of a corresponding quinone, a highly
colbred compound., ¥ith excess of unoxidized triphenylmethyl still
present, addition of the free radical tc this cuincne may ensue,
sand thus, a stable triarylmethyl ether, devold of the capacity to
absorb oxygen, will be‘farmed. ‘The final result will therefore be

a low oxygen absorption,
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+ 2 ¢3c
eaction A

» 2 $4C00CHs

2 ¢3C00
0
2 @azCOCE + some colored quinon:, CgHa=0 ?
o=
the
#a2C- + quinone —e @aC-hydroquinone ether

(colorless)

Cn the other hend, by rapid introduction of oxygen, the formetion
of th: unsymretricel rercxide, @a2CCOH, occurs rapldly emnd thus,

the side reacticn of the f;ee radical with the qulinone will be
minimized, The oxyvgen ehbsorption in this case must erprcach nearer
tc that celculated for exclusive formation of FaCOCE.

Further exrerimental difficulty arose ir that the endpoint
of the stsorption is uncertein. Initielly the sbserrtion is rarid,
but this %=z followed bty =z slow and spprecisble sbsorption which con-
ttnuea for hours. This secondary oxidation is caused in some way
by the system, triphenyl hydropercxide + pyrogsllol.

Cne gram of pure triphenylmethyl hydroperoxide, prepared
according to the directions of Wielend end “aler®l, was sheken in
the atsorption apparatus st roon temperetu?é with a solution of 1
gm. of pyrogallol im 30 cc. of ethyl benzoate, Immedistely on
mixing, the solution began to assume & reddish color which incressed
in intensity over a perlod of seversl hours, Simultsneocusly a slow
absorptionyeccurréd, amounting in two hours to 1.8 cc. of oxygen;
in seventeen hours to 7,1 c¢. The reddish-brown product was decol-

orized by addition of triphenylmethyl in the absence of oxygen.
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henvyimethyl ¥sters from the Leactiocon of

Trizhenylmetbyl witk Silver 3slts

The esters 11sted telow were 1s3clnted =28 follows: Onee

from triphenylehlcoromethans and mercury, wes added, in the atsence

elr, tc a suspensicn ¢f 0,15 mol of the corresponding silver salt
over night at room tezperature,
the mlixture was warmed, filtered from metsllic silver snd excess cf

silver s=lt, &nd sxirscted with amell porticns of berzene. The £il-

Trirnenvizethyl =cetate wes crrystellized from petroleum

o - o . . e .
Ty TeDey Zl=8®, Tre product is identisns]l with that

%.:81' Cﬁlcu f:r :96»12:{ 2: C. 35'5‘5 H; »J.ﬁs
feund: C; &5 32 E; o3¢

Hydrclysis: cele, PCC,; 33,23
found; 7 4

Trirhenvlizethvl-phenvlacetate crystailized with some 2if-

ficulty from petroleunm ether as colorliess gliatening rhomds;
vield, 82%; =.p., 75-8°,
Anal, cale. for CgpnlpsCp: C; 83.7C H; 5.86
found: C; S5 #¢ E; 577
Eydrolysis: calc. #CHoCOp; 35.70
found; J5. 7

i
|




Iriphenyloethyl p-chlorobenzoate crystallized from ben-

zZene snd petrcleum etaer in fine colorless needles; yield, 89%;

L T L 163-8°,

Apel, celc. for CogH19Cl0p: C; 78.28 H; 4.80
found: C; 7777 E; Y77

Hydrolysis: calc, ClPCOp; 35.01
found; J7.7

Triphenylxetbyl cerbcnate rrersrsd ty this method was

contaxmine ted with triphenylmethyl reroxide which wes serarsted by

extraciing with a smell esxcunt ©f warm benzene. On concentrating,
g 354 yield of triphenylmettyl cartonatef? was chiaired.

The esters prepsered by thils method are iéentical with

Fa

f23
i

:03€ cohtelirned by the rescticn of trig

r

renylichloromethane with the

©

*

casrective silver =alts,

i Triprenyimetnyl rerchlorate was rrejared bty addition of !

a scluticn of C.8 gn., ¢f silver perchlorste in 15 cec, of toluene |
te .47 gn. Of erystalline hexephenvlethane dissclved in 10 ce. ?
cf tcluene. The mixture of metallic eilver and triphenvimethyl |
“ jerchlorate was fiitered off in the ebsence of molisture, washed %
| with benzene and extracted with 4 cc. of hot nitrobenzene, Addi.

tion of tenzene and ccoling caused cryszaliizaticn of the per-

chlorete; yleléd, 0.15 gm.; m.p., 145-9*, The residue from the

nitrcbenzene extraction was washed with acetcne and the solid

| obteined by evaporation of the acetcnme flltrate wes recrystallized !
15 from carbon tetrachloride. The product was 0.2€ gm. of pure
triphenylearbirol. As previously menticned (page 17 ) the

above esters are not affected bty long shaking with molecular silver E

in benzene,
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Synthesis of Jome New Triaryimethyl Acetates and Perchloratess

The acetates listed below were synthesized as follows:
a mixture of 3 gms. of the respective chloromethene, 3 gms. of
silver acetate and 80 cc. of dry tenzene was refluxed in the
absence of moisture for two hours. The hot solution vwas serarated
frcm the insoluble silver salts end the residue extracted with small
portions of warm benzene. Thé ccmbined filtrate was then concen-

trated tc an almost colorless oil which ususlly solidified on

scratching under petroleum ether.,

Diphenylbiphenylimethyl acetate crystallized as finely

divided colorless crystals from petroleum ether; yield, 88%;
M.FPo., 28=-3°, .
snel, cele, for ConHpplot C; 85.7 H; 5.86
found: C; 85.8 H; 85.9%
Hydrclysis: calc, CHzCOp; 12.43
found; 11,90

rhenylcitiphenylmethyl scetate crystallized in colorless

plates from Yenzene and petroleum ether; vield, $1%; m.p., 92-3°, é
Anal., cale. for CzazHgelo: C; 87.2 H; 5.64 f
found: ¢€; 87,2 H; 5.75 3
Hydreclysis: calc. CEaCOp; 10.35 ‘
found; 10.31
R.p'-Biphenylene-bis-(diphenylmethyl acetate) was obtained

as pale yellow plates from benzene and petroleum ether; yleld, 90%;

m.p- * 186-7. | ]

aJt is intended to prepare these same esters by means of the reduc-
tion of silver acetate and silver perchlorate by the corresponding
triarylmethyl radicala.
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Anal, calc. for C,uoHz,04: C; 83.7 H; 5.69
found: C; 83.7 H; 5.87
Hydrolysis: calc, CHaCOp; 14.2
found; 13.9
The perchlorates listed below were prepared as follows:
To & hot sclution cof 0.0l mol of the respective carbinol in 50 cec.
of acetic acid snd 5 cc. of acetic anhydride was added dropwise a
10 to 20% excess of 70% perchloric acid. After cooling, and in
some cases after adding a little d4dry benzene to induce crystalli-
zaticn, the éolored salt which precipiteted was transferred to a
sintered glass funnel which was fitted with e storper carrying a

calecium chloride tube and‘a ¢ropring funnel. The crystals were

washed with a cold mixture of acetic acid-acetic anhydride, 4ary

btenzene end finally with dry ether. After drying in a stream of
dried alr for twenty to thirty minutes the salt was transferred

to a vacuum 4desiccator contalring phosphorus pentoxide and soda

lime. The ylelds were 93 to 98%,

Diphenvlbiphenvimethvl perchlorate was obtained as scar=-

let plates which apreared green-gold by reflected light. The

melting point was 164.5°,

N
:
;
]
1

inel. calc. for (CpgHyg)®ClO4: C104; 23.74
found: Cl04; 27 &
Phenyldibirhenylmethyl perchlorate separated as greenish-

brown needles which sppeared deep red when powdered or when dissolved
in acetic ecid. The perchlorate melted with decompoaition at 199-
200°,
Anal. calc. for (Cz)Ha3)+Cl04: ClO04; 20,00
found: ClC4; J0./
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p-Fhenylene-tis-(iiphenylmethyl perchlorate) was obtained

as a chocolate-trown powder. The sample melted when placed in a
bath previocusly Leasted to 1l13-.4°,
Anel. ca2le, for (CzpH¥z4)-(C104)z: C1l0O4; 32.7
found: Cl0,; IR &

g,g'-Eighesxlene-bis-(dipheqzlmethxlAperchlorate) preciri-
tated as a deer red powder which melted if placed in a bath not

lower than 11%¢, 1If rleced in the bath et 100° the compound sin-
tered graduelly and occaesionally explcded et 160-200¢, If placed

in the tath at above 115® it melted immediately,

Anel. calc. for {C3zgHog)(ClO4)a: Cl04; 28.1
i found: <Cl04; 28.9
Trestment of diphenyl-le-naphthylearbincl with HC104 1in
acetic scid-acetic snhydride resulted in the initiel formeaticn of
a deep green c¢olor wiich repidly feded to a trownish-red. A cclor-
less precipitate waes {soleted and identified ss S-phenyl-l,2-tenzo-

filuorene®®, The yleld was 354€.

Syntkesis cof Q,g'-Diaryldirlae;yls

9,9'-Diphenyldirluoryl41u(IV).- In a 50 c¢c. glass stop- ;

pered Erlenmeyer flask 2 gms. of J-phenyl-%-chlorofluorene was
disselﬁed in 50 cc. of 4ry acetone conteining 7.5 gms. of anhyd-
rous sodium iodide., The flask wes flushed witk nitrogen, stoppered
and placed orn the shaking machine. The acetone solution greduslly ﬂ
assumed the deep red color of fodine and simultanecusly a mixture ;
of finely divided sodium chloride and colorless crystels of the
ethane preciritated, After shaking over night the mixture was
quickly filtered with suction through § Jena funnel, The adhkering
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iodine was remcved by washing with acetone and the scdium chloride
by thorough weshing with water., After final washing with a small
amount of acetone the remaining crystsls were dried for two hours
in & vacuum deziccator over phosphorus pentoxide; yleld, 2.83 gms.;
Z.P., £254-€® (corr.} in nitrogen. The melting point reported by
Schlenk and Herzenstein is 254¢ 34, Their product was rrepared by‘
the acticn of copper on the chloromethene,

Anal. celc. for CagHog: €5 94.57 E; 5.43

found: C; 94.27 H; £.80

£ ssmyle of cur hydrocarbosn was converted to the corres-
ponding percxide, m.p., 153-4® in 784 vield,

A csrefully weigheﬁ semple of trhe chloride was treated
with sodium iodide as bsfore gnd the icdlime liberated in the reac-
ticn was titreted with standard soddium thicsulfate solution.

e, of chlcorcmethearne, 1.0855 g=, Cale. cc. N/10; 38.12
found; 23.14

9,9'-ditipnenyldifiucryl {(XVI).- BSix gms., of 9-tiphenyl-

g-chloroflucrene was digsolved in 100 cc, of 2ry acetone containing
10 gms. of anhydrous sodium icdide and the zixture shaken over
night. The precipitete which formed was filtered in an.atmaspnere
of nitrogen, weshed with acetone, water and finelly with acetone,
In some cases the product was recrystallized from tenzene in a
nitrogen atmosphere, The yields were B0.90%,

Schlenk34Y, and Scherp®4, have reported the melting
point as 175-6° and 175° respectively. OCur product began to
melt, in air, at 175°¢, but 4id not completely lijuefy below 181°.
In =n stmosphere of nitrogen the melting point was 236°, with

aecsnposition to a red liquid.
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¥rom C.1 gm. of our ethane 0,081 gm. of the peroxide,
BeP.y, 192-3°, was obteined by passing a stream of oxygen through
the refluxing benzene soluticn for one Lour.

$,9'-d1-1-naphthyldifluoryl (XVil).- Five gms. of 9-

(l-naphthyl)-9-chlorcfluorene was dissolved in warm =cetone and,
in the bulb used for the 1lsclation of hexaphenylethane, was
treeted with a sclutiom of 7.5 gms. of anhydrous sodium icdide in
25 ce., of dry acetone., The liberation of iodine occurred rapidly
end a citron-yellow precipitete wes formed, After swirling the
mixture for 4% minutes, the tuld was placed in the refricerstor
for one hour. The solid was separsted by forcing the mother ligquor
under nitrogen pressure tﬁraugh the stopcock st the dottom of the
tulbt, After wsshing with water until the filtrate was free of
talide ion, the precipitete was washed with acetone and dried
alternately in s vacuum snd ir a2 nitrogen stmosphere for one and
one-half hours,

Dissclved in 12 ce, of btromctenzene, 1.00 gm. of thkis
material sbascrbed 12,1 cc. of oxygen {3TP}. This corresponds to
477 of the cslculated amount,

Twe grams of the same prcduct was dissclved i 28 cc.
of benzene and allowed to oxidize slowly in air. The resulting

solution was clear but deep red iz color. The tenzene wss evVEpDO-

rated at room tempereture and the resulting mixture cof sclid and
red oil was washed with colé benzene. The sclid wes 0.84 gm.
(40%4) of nearly pure percxide, m.p., 174-7*, which was ottained
es colorless crystals possessing the correct melting point,

182-3'15, on recrystallization from benzene,
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The Tecomposition Product of 1-Naphthyl-fluoryl.- A

solution of 6 gms. of 9-{(l-nephthyl)-9-bromofluorene in 50 cc. of
dry benzene was shaken with 12 gms. of molecular silver in = glass
stoppered graduate cylinder. Within an hour & heavy precipitate
of the ethane wss formed but on prclonged shaking this precipitate
redissolved, owing to the formetion of a more soluble polymerization
product. However, the original deep red-brown color was not com-
pletely dispelled on long shaking. After five days, the flask
was opened, and the soclution was filtered from the silver and
silver bromide. The resulting red solution was heeted with
norite, riltered and concentrated at room temperature. Addition
of petroleum ether to the %arm benzene sclution caused the pre-
cipitation of 1.4 gms. of a slightly pink smorphous powder. This
product waes rurified by repreéipitation from tenzene by means of
petroleum ether. The fsintly colored product decomposed at ap-
proximstely 220° when sn sttexpt wz2s made to rurify it by vecuum
sublimaticn at 0,05 mm, pressure but 414 not melt in air at 230e,
4 molecular welght determination by the Rast method®d gave an
average velue of 1715, The enalysis corresponds very nearly to
that calculeted for a polymer of l-naphthylfluoryl, the low carbon
value belng due most likely to the presencé of a small amcunt of
oxygen-conteining impurity.

Anal. cale. for (CyaHygly: C; 94.8 H; 5.19

found: C; 93.8 H; 5.34
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Reactions of Diphenyl- and Dibiphenyléiflucryl with

Silver Terchlorate and with Jodine

9-Fhenylfluorvlpyridinium Iodide.( e= TO 1.4 gus,

of 9-9'-dirhenyldifluoryl ir a8 50 cc. gless stcppered Trlenmeyer
flask was zdded =2 solution of 2.75 gxm., of {odine in a =ixture o2

5 cc. of pyridine snd 40 ce, of benzene. A few sharp gless rods
were Introduced, the air srace was flushed with ritrogen and the
flask tightly stoprered., After snsking at room texpersture for
three days the light brown precirzitate was Tiltered and washed with
tenzene, The yield wes 557 The compound sintered at 177¢ and

melted at 183.482,

dnal. cale, for Oy HigNI: I; 22.4

Fstimaticn of Iod ne Abzorted sand Silver Lirerated

These resctions were conducted with the crystelline

1)

ethsnes as descrited for crystelline hexsphenylethane. At texpersa-
tures sbove £5¢® the tightly storpered flesks were plascsd in a water
bath controlled to within 23° of the desired tempersture. The

resulita sre shown in Tables IV and V.




Diphenyldifluoryl with Silver Perchlorate and wita

TABLE IV

S8

Jodine

Diphenyldifluoryl with Excess Silver Perchlorate

Exp.
No.

V]

Wt. of
ethane,

e

0.4241
0.4432¢

0.4487
0.6508
0.4086

0.4879
0.3478

0.5379
0.3800
0.3162

Silver
liberated
in terms of
N/10 Ag*,

CC .

14.22
14,27

13.83
15.76
15.88

" 18.76
13.12

20.72
13.13
11.50

Diphenyldifluoryl with Excess Jodines

ZXpe
No.

wt. of
ethane,

—LBe

0.3430
0.,3711

0.4489

N/10 I
ebsorbed,
CCoe

12,26
14.76

l12.81

Ethane
reacted,

80.9
77.68

73.1
58.4
93.8

2.8
91.0

93.0
88.4
87.83

Etharne
reacted,

ontamteredhesmsiortr et

86.2
71.68

1C1.5

Silver Perchlorate with Zxcess Diphenyldifluoryl?

Conditions of

reaction
75¢ for 5 hrs.
75 for 5 hrs,
80® for 5 hrs.
80® for 5 hrs.
£5¢ for 3 days
25¢ for 5 days
25® for 5 days
25¢ for 3 days
25® for 2 days
25° for 3 days

Conditions of
regction

- 75® for 1 hre

75« for 1 hr.
25 for 3 days

Ag liber-
v ated in Ag+ N/10 Ag*  Ag* not
¥t. of Yit, of terms of reduced not reduced
Exp. AgClO4, ethane, N/10 aAg*, found, reduced, found,
NO, g. - QcC, % GcC.
5 0.5560 0.7223 23.89 89.1 1.83 6.8
26.01 2.16 7.5

0.5929 0.9218 91.0

eThe endpoint in these titrations was obscured by the formation of a -
turbid precipitate (see page 22)., | S
tThe reaction mixtures in each case were shaken at 25¢ for 3 days.
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TABLE V

Dibiphenyldifluoryl with Excess 3ilver Perchlorate

and with Excess Jodine#

Silver Libveration

Jodine Absorption

Ag libver-
N/10 ated In
*t., of Ip ab- Ethane ¥t. of terms of Ethane
Exp. ethane, sorbed, found, ethane, N/10 aAg*, found,
No, Re cC. £ - & cc,
l 0.2568 7.48 92.3 0.3105 8,34 85,2
2 D.3671 9.89 85.8 0.458 12.48 87.2
0.448 12.13 88,0
3 0.2508 9.74 83.3 0.4781 13.03 87.3
: C.8778 18.75 88.1

Silver PYerchlorate with Excess Diphenyldifluoryl

Ag liver-
ated |in Ag*t ,
“t. of %t. of terms of reduced, '
AgClo,, ethane, N/10 Ag*, found,
& F e CCe - . J;
ettt —— :
0.3003 g,.,78852 14.04 97.0
0.2931 0.7427 2.92 $8,.5

841l reaction mixtures were shaken at room temperature for three
days.

Reaction of Pentaarylethanes with

Silver Perchlorate and with Jodine

For reactions at room temperature, the samples were

weighed into 50 ce, glass stoppered Erlenmeyer flasks, 30 cc. of

0.1 N silver perchlorate in toluene was added, the air was replaced
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by nitrogen and the flasks tightly stoppered. The samples at 60°¢
were shaken in a thermostat which was camtrolled to 20,.5¢,

For reactions at 100° and at the boiling point, samples
of the ethanes were weighed into a 50 cc. round bottom flask which
was fitted with e condenser by means of e ground glass loint. The
condenser was fitted with a three-way stopcock leading to & mercury

trap. Thirty cublc centimeters of 0.1 N silver perchiorate solution

in toluene wasa added, the air in the system was rzplaced by nitro-
gen, and the flask h=ated to 100®* on the sSteam btath or to the boile
ing point with a small flane.

The anelyses were made as described for triphenylmetnyl

sciutions,

;
:
i
E
‘J
é
:
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"Biradicals

9,10-Diphenylanthracene ard Silver Ferchlorate.- A solu-

tion of 0.50 gm. of 9,10-diphenylanthracene3® and 0.85 gm. of an-
hydrous silver perchlorate in 35 cc. of xylene was refluxed at

the boiling point for five hours. No precipitation of metsllic
silver occurred and only a slight yellow-green color appeared in

the solution. After cooling, the ailver perchlorate was extracted
with water and the xylene sclution concentrasted under reduced pres-
sure, Yith addition of alcchol and cooling, C.41 gm. of nearly pure

hydrocarbton, =m.p., £47-9°, was recovered,

Synthesis of p-Phenylene-bis-(diphenylmethyl) (XXIII) and

the Re=ctions with Silver Ferchlorate and Icdine.- To 4.00 gas. of

p-phenvlene-bls-(diphenylchloromethane) in a 50 cc. glass stoppered
Frlenmeyer flask containing a few sharp slass rods was added a
solution of 8 gms., of anhydrous sodium icdide in 45 ce. of 4ry
acetone, The alr was replaced by nitrogen and the stoppered flask
sheken for five hours. The precipltate which formed was rapidly
filtered, washed with ascetone and water and finally with a little
acetone, The dried product was 3.26 gms. {94%) of finely divided
halogen-free crystals, which bear the appearance of powdered
potassium dichromste3®. The melting point in air was identical
with that reported by 7ittig and KrB8hne®7, 250-4®. 1In a nitrogen
atmosrhere the melting point was 264-6°,

Several peroxides may be formed. OCur product was con-
verted to the peroxide, of melting point 168-71°, which 1s formed
by slow oxidation of the hydrocarbon in benzene solution87, a
solution of 0.30 gm. of the hydrocarbon in 35 ce., of benzeng was

allowed to oxidize in air over a period of four days, and there
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was recovered C.2€ gm. of the pure percxide,
The reacticns with silver perchlorate snd with iodipe

were conducted as descrited for crystalline hexerhenyletherne,
TABLE VII

Silver Litveraticn

Jodine Abscrpticn

Ag liter-
Wte Of N/10 Eydrc- wt. of ated in Hydro-
hydro- I, sbe carbvon hydro- terms of cartorn
carbon, scrbed, reected, carbon, N/10 Ag*, oxildized,
8e cC. % £e cC, o
C.311 9.83 6446 US4 .67 SE.7
0.324 F.21 S$8.7 C.32¢9 o2 28.1
0.317 8,689 58,0 0.418 7.08 S4.5

+3
Y

he Feectior of p-p'-Birphenviene-tis-{dirtenylmethyl)

with Siive

*

Saltg end Icdine.~ This hydroccarbon was prepered in

sclution ss descrited for trisrylmethyls (rege 37 ) ané the reac-
tions were conducted as descrited for those compounds. Tate is
included in Table II, page 42,

Tetrephenylhvédrazine and Silver Yerchlorste

Tetruphenylbydrezine was prepared according tc the direc-
tions of %1elend®8, The reaction with silver perchlorate sclution
was conducted es descrited for cther compounds., In addition to
metallic sllver, a very insoluble btlack organic materisl was rre-
cipitated. 1Its properties were not investigated., The silver
titraticns were conducted potentiometrically since a vellow color
in the sclutions obscured the usual ferric thiocyanate endpoint,

when heated with 0.1 N silver perchlorate tc the bolling

point of toluene, or when shaken with C,1 N silver perchlorate in




toluene at room temperature for several days, 0.250 gm. samples
liberated approximately 65% of the calculated amounts of metallic

silver,

64
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SUMMARY AND CCNCLUSION

l. The reduction of silver sslts by free raticels has
beer investigated,

2. Triarylmethyl razdicals reduce 2 variety of silver
salts, whether the salts te soluble or insoluble in organic sol-
vents. The products of reacticn are metsllic silver anéd the
corresponding triarylmetihyl ester,

3e A method for ths zuentitative est fon of triasryl-
methyls, based on these reactions, hss tbeen studied, The resuls

by this method heve been compared wiih the results obtained by

t
[
]
Cf
w
Q
L
O
]
H'
ﬂa
}A
I 4

titration and by the method of oxygen atbsorp-
tlon. These results could not be comparsd with the results by
the method of oxygen abtsorvtion in the presence of pyrogellsl
since this methosd w23 shown 4o be unreliable,

4. The reductisn of silver perchlorate, 2issolved in
tolusne, affords a convenlent nuslitative test for the presence
of free radicals. The relative rate of rsduction provides a
meana of distinguisaing between the dissociation tendencies of
slightly dissociated ethanes,

5. & new method has been applied in the synthesis

of several sllightly diszocisted, symmetrical ethanes,

Cur conclusion cancernina tha determination of the
purity of triarylmethyls is as follows.
¥e believe that 311vur salt reduction affords a
reliadble me%hodfrér the estimation of the purity of triarylmethyl
r#dicals. This Qoncluaion is supported by the fact that the
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lodine titration method, totally dissimilar in principle, gives
results identical with those obtalined by silver literstion,
Moreover, although the method of oxygen absorpticn leads to
results 10% higher than those obtained by these two concordant
methods, a striking fact is noted; namely, that the meximum
obtalnable ylelds of the percxides which form in the oxidation
process are only 86-90% of the calculated?l, 22, 47, 1If these
maximum peroxide ylelus u+ conslidered sn index of the purity of
trierylmethylsy the three methods of anslysis may be compared as

follows:

maximum maximum maximum
peroxide yleld, liveration of Ag, shsorption of Is,
4 of calc. 4 of calc. 4 of cele.
8690 83,930 BR.20

All of the above results are plausibly explalnped 1f 1t
te assumed that trisrylmethyls inherently contain spproxiamstely
104 of an impurity, susceptible to oxidetion, Tut otherwlse
devoid of the properties churacteristic of the triarylmethyl
proper. This hypothesis i=s not without precedent. On the basis
of independen? considerations, Mitoff and Branch®? heve previously
goncluded that somewhere»hatwaen % and 15¢ of the total oxygen
absorption by triphenylﬁetbyl ney be attributeld to tné presence
of Qn inherent impurity. The assumption appears most reasonable
whenyapplied to triphenylmethyl solutions. That the recrystal-
1ized, 80114 ethane, prior to resolution, contains such en
impurity, is unlikely.
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