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  It is supposed that o-quinones are generally unstable compared with 

p-quinones; but, in view of the specific structure it has been known that 

9,10-phenanthraquinone is considerably stable in spite of its being one of 

the o-quinones and that the quinone behaves in the same way as p-quinones 

on the pure chemical reaction, it is easily reduced to phenanthrahydroquinone 

by sulfur  dioxide  and a kind of reducing agents. It is also reduced to  phenan-
                                                                                     2) 

thraquinhydrone by heating with hydrochloric acid in sulfuric acid  solution, 

and 9-phenanthrol by heating with a mixture of red phosphorous and  hydro  - 
3) 4) 

iodic acid, and by hydrogenation using nickel salts as a catalyst. 

 In the present experiment the author tried to see how phenanthraquinone 

would behave in electrolytic reduction and compare its behaviour with that 

in the case of purely chemical reduction. 

 According to the author's experiments, phenanthraquinone was easily reduced 

to phenanthrahydroquinone almost quantitatively in a mixture of diluted 

sulfuric acid and alcohol at a nickel and copper cathodes, which had a low 

hydrogen overvoltage. In a mixture of acetic acid and hydrochloric acid 

solution or a alkaline electrolyte it was found that  phenanthraquinhydrone 

was prepared according to the formation of hydrogen bond between phenan-

thrahydroquinone and phenanthraquinone. 

 Moreover, in a electrochemical method the author tried to prepare the 

complete reduction products of phenanthraquinone; nevertheless, 9-phenanthrol 

and phenanthradihydride were not obtained by the following experiments, 

reductions were carried out at a higher temperature in a concentrated acidic 

electrolyte using lead and zinc amalgam electrodes, and a catalytic reduction 

by electrolysis was conducted using Raney nickel as a catalyst. 
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Phenanthraqginone　Was　prep4．．red　by　oxidat．iop　of　phenanthrl　ne　wi．th　pota＄r

sium　bic．hromate　in　sg．lfpric　acid．　This　6；ude　products　were．lpurified　Py　so－

dium　bisulfite　compound　and　recrystalliled　from　glac’ial．acet’ic　acid．　Orange

needle　crvstals　were　obtained．

　　　　　　　（亘）盈e伽C伽取．of　phehantkraq臨監磁e翻pkemaRthrakydroq曲0簸e

A。　　醜e｛置脳e奮亘⑪互且　重R　a」e亘d亘e　s⑫亘竃エ重亘0葺S

　　For　this　purpose　electrolysis　xivere　conducted　undet　following　conditibns；

　　Cathode：’Ni，　Cu，　and　Pb　plates　100　cm．2　respectively；　Cathodic　solution：　A

mixture．of　60　ml．　of．　5％’@sulfuric　acid　and’@60　ml．　of　alcohol　was　placed　in

a　porous　pot，　in　which　1　g．　of　phenanthraquinone　was　suspended；　Anode：　Pb

plates；　Anodic　solution：　10％　sulfuric　acid；　Current　density：　3　amp．／sq．　dm．　at

Ni，　Cu，　and　Pb　plate’s　；　Tirne　of　electrolYsisf　1．　5　hrs．　；　Temperature　：　600　average．

　　The　electrolytic　chamber　was　iipmersed　in　a　wager　bath・　and　while　．the

process　of　reduction　was　going　on，　the　temperature　of　the　cathocic　solution

was　kept　between　55－650　undeg　sCirripg．　As　elegtFolysis　3dvanced　the．　cath－

odic　solution　lost　its　suspended　orange　crysitals　and　turned　to　almost　colorless

due　to　the　formation　of　phenanthrahydroquinone，　and　the　decrease　in　the

cathodic　solution　．by　gv4por．atign　was　fil！ed　up　with　a！cghbl．，

Aft・…e　・nd　h・lf　h・…thr・athgdlr　s・1・ti・一・r　P・“叫．ゆa，．great

d・a1・f　w・t6士・th…．陣it・．・・y・t・1r朋w・・e、．drPρritr母・、今r．岬ep・rl帥・・

gxidl’zf　d　qulcki￥　ip　airl，　，godiygi，f．．ulfit”e．．had　．Ps，9p．．　，a．g．．pe．．d，，1，，，g，11，／／，’，，b，．，9　1．L，，4E．er　．beg．glg－

hand　in　order　to　preve’n’　t　oxidation．　lt　w4s　filtete’d’　”qdfckti”．’arid　’dri’ed　under

欝～臨器ご課’1も盤よg蕊6謙㌔甑ご欝

（not　purified）．　”
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　　1n　order　to　lsolate　phenanthrahydroqulnone　as　diacetate　the　deposit　was

added　to　a　mixture　of　acetic　acid　anhydride　and　fused　sodium　acetate　and　the

mixture　was　heated　a　little　while．　This　green　colored　solution　was　poured．

into　cracked　ice．　The　mixture　was　allowed　to　stand　and　crystals　formed　were

purified　by　recrystallization　from　benzene，　m．p．　201－202，0　this　correspond

to　the　reported　value　of　2020　for　phenanthrahydroqui－none　diacetqte．

　　The　fo11owing　factors　were　investigated　on　the　reduction．・

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　TabNe
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No．

1

2
3
45

6
78
9

10

11

12

13

’Cathode

Cu，Ni，Pb

Ni
f
t
t
t

Zn－Hg

Pb

－
’
－
’

〆r

ノ’

Zn－Hg

Pb

Catholyte

ノ’

5％　H，SO，　60ml．

EtOH　60ml．
　　　　　　　tt

　　　　　　　tt

59，　H，SO，　100ml．

EtOH　20rn1．
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6N－HCI　70ml．
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EtOH　60ml．
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　　（豊）Na紐e　of癒e　ea甑。醗matergags

　　The　reduction．，produets，by　electrolysis　are　dependent　upon　the　nature　of

the　cathode　materials．　As　shown　in　the　table，・　the　electrolysis　was　・carried

out　at　various　electrodes，　．一nickel・．and　copper　which　had　a　low　hydrogen　over－

voltage，　and　lead　and　zinc　amalgam　which　had　a　high　hydrogen　overvol－

tage，　・　were　used　as；cathodes；，．／Nevertheless，　only　phenanthrahydroquiBone　was

obtained’in　all　cas’es；，／　．，　，’：一・一　’／”一

．．．・：．（一一、期）．Na櫨e．．lof・愈e5（温翫⑪謹。．sゆ瞼伽簸
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　　Concerning　quantity　of　alcohol，　one－half　or　more　of　a　cathodic　solution

was　required　as　shown　in　expt．　i，　because　in　case　of　a　small　quantity　of

alcohol　（expt．　4　）　phenanthraquinone　was　refloated　or　adhered　to　porous　pot

and　changed　in　color　from　orange　to　black．　The　black　product　is　regarded

as　phenanthraquinhydrope　due　to　the　formation　of　hydrogen　bond　between

reduced　phenanthrahydroquinone　and　phenanthraquinone．

　　When　a　mixture　of　dioxane　and　sulfuric　acid　was　used　instead　of　alcohol

at　a　higher　temperature　（expt．　7），　but　similar　results　also　obtained．
　　　　　　　　5）

　　S．　Ono　studied　the　electrolytic　reduction’　of　anthraquinone　aBd　prepared

anthraquinol　by　using　various　electrodes　in　a　mixture　of　sodium　hydroxide

solution　and　alcohol，　anthrone　in　a　mixture　Qf　acetic　acid　and　hydrochloric

acid　solution　at　a　lead　cathode，　and　di’hydroanthracene　in　80％　sulfuric　acid

at　a　zinc　amalgam　electrode．

　　In　the　case　of　phenanthraquinone　it　has　been　found　that　concentration　of

sulfuric　acid　between　5％　and　80％　had　no　effeqt　on　tbe　reduction　product．

A　mixture　of　acetic　acid　and　hydrochloric　acid　solution　（expt．　10），　acetic

acid　and　sulfuric　acid　（expt．　ll），　sodium　acetate　and　acetic　acid　（expt．　9），

were　used　as　cathodic　solution．　Even　under　these　conditions　complete　reduc－

tion　products　were　not　prepared．

　　（一一一幽）eCffeet　of　tempera翻re　and　e磁：e醜dieitS重ty

　　The　temperature　was　found　to　influence　the　reduction　velocity．　When

electrolysis　was　carried　out　at　250　average　under　cooling　the　chamber　with

runnin．a　water　（expt．5），　the　reduced　substance　was　obtained　only　partial

even　after　4　hours，　from　this　it　was　supposed　that　the　velocity　was　very

slow　at　a　low　temperature．　lt　was　also　found　that　the　current　density．had

no　effeet　between　1　and　8　amp．／sq．dm：　at　a　nickel　cathode　（expt．　1，2，　and

3），　but　the　higher　the　current　density　was，　the　worse　was　the　current

efficiency．

　　In　this　reduction　it　was　indicated　that　a　high　hydrogen　overvoltage　and

a　kind　of　electrolyte　at　a　cathode　were　not　the　factors　effecting　reduction．

A　low　tempsurature　of　electrolysis　was　the　sole　factor．　At　a　low　temperature

the　following　catalytic　reduction　by　electrolysis　was　effective．

B．　　C＆色a忍y意豊ere亘置眼e意亙0夏鼠by　e亘ee重ro丑ys置S

　　Following　conditions　were　thought　to　be　very　favorable　at　a　low　temper－

ature；

　　Cathode：Cu　and　Ni　plates　100　cm2。；Cathodic　’Soエuticn＝1g．　of　phenan－

thraquinone　was　added　to　a　mixture　of　60　ml．　of　alcohol　and　60　ml．　of

5％　sulfuric　acid，　in　which　l　g．　of　Raney　nickel　was　．　sinspended　at．　the
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same　time；　Ternperature：　250　average；　Time　of　electrolysis　：　X．5　hrs．

ether　conditions　were　the　same　as　given　in　A．　Electrolysis　Was　conducted

under　stirring．　After　finishing　the　supernatant　liquid　was　poured　into　a

great　deal　of　water　and　phenanthrahydroquinone　was　obtained．

　　This　was　regarded　as　a　catalytic　reduction　by　electrolysis；　that　is，　elec－

trelysis　was　used　only　for　the　evolution　Qf　hydrogen．

　　Furthermore，　electrolysis　was　carried　out　at　a　high　temperature，　other

reduction　products　were　not　obtainedi．

　　　　　　　　　　　　　　　（恥Pirepaし聡額膿ef．phemaRtkraq漉血y血盤e

　　（i）ReduetiOR血aLe鯉ic　so亘畷；i脇

　　Electrolysis　was　conducted　in　a　mixture　of　acetic　acid　and　hydrochloric

acid　solution　to　the　procedure　described　in　（1）　（expt．　IO）．　After　finishing

the　electrolysis　cathodic　solution　was　allowed　to　stand　at　a　room　tempera－

ture．　Shining　black　needle　crystals　were　isolated，　its　melting　point　was　167－

1680，　and　it　was　oxidized　to　phenanthraquinone　by　heating　with　alcohol．　As

phenanthrahydroquinone　was　oxidized　in　air　iriimediately，　it　should　be　oxi－

dized　in　acetic　acid　solution　and　formed　phenanthraquinhydrone．

　　（X）ReduetiOR油akka瞳臥e　sゆ丑雄。簸

　　In　a　similar　manner　electrolysis　was　carried　out　in　a　mixture　of　60　ml．

of　5％　sodium　hydrexide　solution　and　60　ml．　of　alcohol　at　a　lead　cathode

and　carbon　anode　（expt．　11　and　12）．

　　Phenanthraquinhydrone　was　the　reduction　product　at　a　low　temperature．

The　green　colored　deposit　was　obtained・at　a　high　temperature．　The　deposit

was　filtered　and　gradually　turned　in　color　from　green　to　yellow　while　it　was

being　dried．　When　this　yellow　deposit　was　heated　with　benzene　its　color

changed　to　orange，　thls　was　phenanthraquinone．　When　phenanthraquinone

was　heated　with　sodium　hydroxide　solution，　its　color　changed　to　green．　Con－

sequently，　it　was　thought　that　the　green　compound　was　phenanthraquin－

hydrone．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　SummaTy

　　Electrolytic　reduction　of　phenanthraquinone　was　studied．　lt　was　reduced

to　phenanthrahydroquinone　or　phenanthraquinhydrone．

　　The　catalytic　reduction　of　phenanthraquinone　by　electrolysis　using　Raney

nickel　as　a　catalyst　was　thought　to　be　favorable　at　a　low　temperature　re－

duction．
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