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Saduasi

The general purpose of this project has been to obtain
» knowledge shout the reaction of pars~benzoquinone when irradiated
with ultraviolet 11ght“in water or ethenol, The 1,4 benzoquinone,
often called simply quinone, is & yellow erystalline solid melting

at 116°C and having a sharp penetrating odor,
since quinone does not completely behave like an aromatic

compound, its reactions are of great interest, Froz th fact that
quinones undergo 1,4 additions, such as the reaction of hydrogen

chloride with quinone, one could consider them to be a type of

ax P unsaturated cyelic hetone. {1)
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I1f one considers the 8p orbitals that c¢ombine to form

8TT orbitals, es in benzene, one could eonsider the guinone to be

aromatie in nature, The difference between the benzene and the

quinone, from this point of view, is that the p orbitsls of the

oxygens eodjacent to the ring alse enter inte the formation of the

IT orbitals,. (8)




From the " streamer pictures™" indicated sbove, it can be

seen how the addition of the two oxygens changes th nature of
the aromaticity and how the symmetry of the molecule makes 1,4

addition possible.
I+ is interesting to note that although chemical reactions

indicate quinone to be an aliphatic fetone, it is formed by the

oxidation of an aromatic compound and forms an aromatic compound on

reduetion, A reduction product that seems to be present in most

reactions invelving guinone is hydroquinone, One of the few

reversible cxidaxiunuroduetioﬁ reactions that take place in organie

Chenmiistry involves the reduction of quinone to hydroquinone,
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When hydroquinone and quinone are placed together in a

solution they form the molecular compound, aquinhydrone, This

compound is a greenish erystalline solid. Although the exact nature

of the valence forces is not known, it can be seen tht the bond

is not strong since the molecule is easily dissociated inio its

two constituents and since an infrared spectrum of the compound shows

only the combined characteristics of the quinone and hydroquinone

molecules.
The specifie purpose of this nroject has been to determine

if an .lkexyﬁb.nzoquinone is produced when a solution of benzoquinone

in alecohol is irra.diafod with ultreviolet light. Since we have

1,4 addition of water 4o excited benzo &t



aleohol to add similarity.
hy#roquinone which would then be oxidized to an alhoxygquinone

by excess benzoquinone.

O

fi
/c‘\
o A g
i #
wC o
\("/
"

o

it is irradiated with U.V.
could be that the electrons in central carbon atoms of the

quinone absorb quants of energy.

This would lead to an alhoxy-
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ouinone shows e marked increase in reactivity when

A possible explenation for this

could then lead to a free radical formation,
acecount for the increased reactivity. &
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The resulting excited state
This could



Quinone was discovered in 1838 as a product of
the oxidation of quinie seid with mangenese dioxide snd

sulfurie seid.{1)
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The quihie seid used in the reaction wes obtained
from cinchona bark, Its econversion inte the quinone actually
invelves dehydration, decarboxylation snd finally oxidetion,

More than helf a century passed, however, before

any real interest was generated in this compound, In 1901

silber investigated the reaction of quinone with various
organic eamyannda,(a} The reactions of interest in connec-
tion with this project ave those of ethenol and isopropyl
aleohol with guinone, When & solution of quinone in ethanol
was irradieted with U.V. the products observed were hydro=-
quinone and acetaldehyde, A similar reaction carried out
with isopropyl aleohel yielded, among other produets, hydro-
quinene and acetone, The presence of quinone end hydroouinone
in the seme solution also results in the formation of gquine

hydrone.
In each vase it seems likely thet the mechanism for

the resctions involves the abstraction of & hydrogen from the

alcohol.
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The free rsdtaam‘tetmlé sould then lose a free
hydrogen stom frow the carbon do whieh the hydroxyl group
is attached., A tautomerie shift of the hydrogen would then
oroduce aceteldehyde and scetone.

4 few years after, Silber wade the initial attempts
at investigsating the cheuistry of guinones, while Hartley and
Leonard made extensive studies of resctions by means of absorp-
tion studies.(9) They obtained the spectrum of pure quinone

and hydroguinone in the vapor state and in solutions of
water and ethsnol, After solutions of quinone ia water or
ethanol had been irradisted for seversl hours, spectral studies
were sgain mede, The chsages in the spectrum eonfirmed the
deconsosition of oquinone, From the pesks observed, hydroquinone
wos definitely shown to be one of the products of the reaction,
1t wes slso noted that o brownish substance was
always formed when a solution of quinone in water or ethanel
was irrsdiated, A cowbustion snalysis indicated a poscible
structure of cnpgoﬁtar the substance, This could be & dimer



or polymer résulting from hydrogen bonding and electrostatic

forces, It could result from any combination of quinone,

hydroquinone and possible alhoxyquinones,
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Possible dimers
The first hint about the hetonie nature of the
quinone molecule came & few years later when Hartley and
Little noticed that the spectrum of p. benzoquinone
differed greatly from that of its benzoid derivatives.(4).

They noted that there was always a weak absorption peak at

230 and 315 myg., This is the absorption region for hetones,

By combining benzoid and hetonic absorptions, the p. benzo-
quinone absorption bond was obtained. This would indicate the
dual nature of the quinone mentioneéd earlier, The drgwback

in their observations is that no corrections were made for

solvent effects, This would cause a shift in the absorption

Pﬁﬂkﬂo
cerhaps the most extensive investigation of the

nature of quinones was dome in 1929 by Leighton and Forbes,(2)
They investigated the quantum efficiencies of various reac-

tions and tested the effects of impurities in the reaction

mixture.



It was shown that oxygen definitely retards the
reactions of quinones in aleohel and weter, having a greater
effect on the former, The addition of scid or base retards
the resetion in water but acecelerates it in alecohol,

The suantum efficiency is the ratio of the number
of molecules effected to the gquanta absorbed, Although
there are many complicated factors ianvelved in caleulating
the gquante efficiencies, s rough estimate is still helpful,
The quantum okflutcneicu for several reanctions were ohtained
from the slape of aplot of quante sbsorbed vs, molecules
effected,

quinone in water was irradisted until about
twenty percent had reacted, The average quantum efficiency
measured for this reaction was about 0.5 for irradiation
wavelengths between 2537% end 43503, decreasing sbove this
Reactions of quinone in absolute ethanol and in

value,
80% ethanol resulted in the same general quantum efficiency.

One resson for the 0,5 velue of the quantum effi-
ciency could be that one half of the energy, supplied by
the photons, is necessoary for correct orientation of the
oxygens before reaction takes place, The second and favored
reason could be that the efficiency is unity for the main
reaction, but less than 0.5 for secondary reactions so that
the overall efficiency is about 0.5.

4s shown in previous works, hydrogquisone and a

brownish polymer again seeu to be present in esch reaction

wixture,



The most aceurate analysis of guinone reactions
was carried out by Poupe.(7). He found, by polarographiec
analysis, that benzoquinone in water when irradiated led to
the formation of hydroxyhydroquinonme., This 1,4 addition

compound was reoxidized to hydroxybenzoquinone in excess

quinone.
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By following shifts in half wore potentials of
the compounds in the reaction mixture he could accurately
determine the rate of the reaction, The identification of
the products was accompliéhed by comparing the half wove
potentiale of the unknown with half wove potentials of the

pure knowns, Hach of th e products mentioned above was

thus definitely proven to be present.



Experimental

It was shown, as in many previous works, that a
solution of quinone in water of alcohol darkened vwhen exposed

to light, When a clear solution was placed in an opegue
container, it too derkened but at = perceptibly slower rate.

The first object of the experimental work was to
obtain an adequate means for the identification of the various
ecomponents present in the reaction mixture., Having these

knowns labeled, we could then notice the presence of my

other constituents. An attenpt was made to obtain the spec-

trum of pure bemzoquinone in ethanol anéd water by means of

vapor phase chromatography, This was not successfal, The
alcohol and water peaks showed up immediately., No quinone
peak was visible even after many hours. Many different

columns were used wi th the same end result,
Thinking that the columns were perhaps too long

for the gquinone to pass adequately, columns of six, ten, and

twelve inches were made, The f£illings in these were

carbowax 20 m and eromasorb w whieh had been melted together

in a solution of methyl chloride, The results obtained

were again negative. The pemperature of each run was 228°¢,

Helium was used as & carrier gas.
A possible explanation gcould be that the guinone

polymerized on the coluam and then slowly diffused through,

Column absorption chromatography was next tried

as a means of seperation. As equal mixture of quinone md

hydroquinone was added to the colummn, Ethyl d cohol was
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used as a solvent, With an sutomatic rotating device it

was possible to obtain periodic twenty ml, samples of
solution coming through the bottom of the column, The
quinene and hydroquinone came OVer duost immediately. The
quinhydrone, formed when the quinone was added to the
hydroquinone, slowly disappeared from the top of He coluun,
the disappeerance of this greenish-black resfidue shows that
it was separated into quinone and hydroguinone as it was
adsorbed and desorbed while moving down the column, This
shows the weak nature of the quinhydrone bond,

with adequate choice in polarity of solvents,
it would seem that this should be a good means of sep#rating

the reaction mixture.
The synthesis of éthoxy-benzoquinone was next

attempted,
Te 100 ml, of absolute ethanol was edded, in small

amounts, one half molecule of sodium metal, After reaction
was complete, the same amount of catechol (mp,=1058), dissolved
in ethanol, was added to the mixture, A cooled solution of

one helf molecule of ethyl chloride in ethanol was then added.
The reasction mixture was stirred for seferal minutes. The
final mixture consisted of a yellowish solution and of a

white precipitate whiech was azsumed to be soduim chloride,
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The solubtion was drgwn off and distilleds A
very small amount eof black residue was the only product.
The white precipitate, whieh I had assumed to be sodium
chloride and had thus discarded, apparently was composed of

sodium catecholate.

A second reaction was carried out, This time the
liguid was drawn off and the remd ning 's0lid acidified to
'hapofully give ethoxy phenol, The aqueous solution was

extracted with ether. Upon evaporation of the ether,
brownish crystals were obtained with a relatively high
yield, These cyystals melted at 98-102°C, An infrared

spectrum confirmed the suspicion that the erystals were the

¥

starting material, catechol,

A third reaction was performed, This time the
white solid was sdded to benzene before the ethyl chloride
was added, There seemed to be no perceptible reaction,

An attempt was next nade to systhesize methoxy-
benzoquinone., This could then be used in an analagous
determination to see if mothoxy—benzoqtinonu is a produet in
the reaction of methanol with quinone,

To a solution composed of seven parts of zzc:&a,,
fifteen parts of Hﬁﬁﬂ*gn& fifty parts of water, are part of
%uuiaeol was added slowly, After the violent reaction had

subsided it was allowed to stand for twenty-four hours. The

gsolution was extracted with ether. The extract showed only
the presence of some of the original gpaiacol. Excess amounts

of uzgo* and Kl¢”z°7 were then used to oxidize the quaiacol,



After standing for a day the mixture was steam distilled, After

the distillate was extracted with ether it was found that

the only product was again some of the original queiacol.
PTauber and Jellinek had obtained methoxy-benzoquinone from

the oxidation of quaiacol by Fremy's salt.(KP and HF).(9) This

method was sttempted. To .19q. of quaiacol in ether was added

one equivalent of an aqueous solution of HF md KF, The

solution wes shsken for several minutes, Upon extraction

with ether the only compound found present wgs again guaiacel,
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Liscussion

As seen, bhe systhesis of either ethoxy or
methoxy benzogquinone was nob successful., In the former
reaction, the step involving the ethyl chloride seemed to

be the trouble spot.. When ethyl chloride was added to an
aleoholic solution of sodium catecholate there seemed to
be no reaction. Acidification and extraction with ether
resulted in the original catechol. The probable reasen for
this is that th e ethyl echloride reacted with some of the
sodium ethoxide in the aleohelic solution, This would yield

ethyl ether.
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To keep this from happening, the sodium catecholate
was addéd te benzene before ethyl chloride was added, This
aixture was stirred for several hours, No reasction seemed to
have taken place. The ethyl chloride (bp.=7°C.) could not

have evaporated since th e reaction vessel was tighly

stoppered,
In each of the above cases the reactions were run

in an atmesphere of nitrogen, If left exposed to the air,

18



14

the sodium cstecholste ensily oxidized, This resulted in a
black product which could be any combinetion of oxidation
products, ineluding, perhaps, & small amount of ethoxy-
bengoguinone,

The oxidation of quaiacel with Hasq’ and K, 6r, 0, to
yielé methoxy benzogquinone was not successful, The litersture
gource indiceted a 20% yield when the oxidation was carried
out with e~hydroxy smiline, sSince phenols belisve essentially
1ike amines in many resctions we expected the same %o happen
in this ¢sse. This spparently is not true. As stabed, even
& huge excess of oxidizing reagents éid not result in say
of the desired product. Definite oxidation did take place,
The eolor of the final solution was deep green, indieating
that the orange dichromate had been reduced to green c:‘*‘.

Oxidizing queiacol by means of Premy's salt did
not produce any resulds., No reasction took place, From the
information given in the literabure it ean net be seen how
this resction could taeke place, If Hp504 and KoCro0q could

not perform the oxidetion it ean not be seen how HF asnd KF eould,

For these two to oxidige without aiyr implies reduction to
F and H, gas. This is imorobable, This reduction wight

ocour in molten HP and KF but net in an aqueous solutien,
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4 litorature spurce hes shown no evidence of
the production of ethoxy~benzoquinene fren an irrsdisted
solution of guinons ia ethanol. Host of the %ice on m#
work wes thus spent in trying to aynthesize this compound,
This was not sueeessful, Yed this bsen syathesiszed, its
absorption spectmam could have besn obdained, This sould
have been compared with varlous separations of the renction
aixture to see if it was indeed a produst, The sane
procedure would have besn followed 1o see i? wethoxy-bensoquinone
is a producs in the reaction of suinone in methanol,
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