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CHAPTER I
IH TRODUC TION

The use of quinones eand their\&gr&vativca. in partiounlar
those of 1,4=nephthoquinone and 1,&wsnthraguinone es metabolites
and anh;mﬁtuhaliﬁos,hus become quits importent in r«&@at ykars;
pam (8), Almguist (1), Fieser (11), end Doisey (10) discovered
snd proved the structure of the antihemorrhegic vitemins li
snd K,o These were found to be 3=substituted derivetives of
Swnathy1*1,ﬁmnnphékaqalnona.

It was found that these phyaialagiaa: properties exhibited
by the K vitemins were also exhibited by other substituted
1,4<naphthoquinones, Phthicsol (2) (aammgkylaSwhyﬁrsxyw
;gﬁnnaghﬁhsguiaaaw}.'ﬁhp tuberele bacillug, end menedione
:(a«nothyini,iw»t?hthaﬁﬂinu#a)'muro found to be epproximetely
&s potent as vitemin Ky (2emothyleSephytylsl,denaphthoguinene),

Other physiological properties of the substituted 1,4«
naphthoquinones have been observed, Hydrolspachol (2-isopentyle
suhyaraiyml,4~naphthaquinana) end some rolated compounds were
prepared by Fieser et al, (12) snd were found to possess
antimalarial sotivity, Compounds whiah possess aignif&énnt
setivity were from s group listed as 3-slkyl or Searyl
derivatives of 2ehydroxyel,4enaphthoquinone or closely rels ted

samples (12).



Je Co Calandra end Barnest C, Adams, Jr. {(68) prepered
four types of derivetives of 2«chlorowl,denaphthoquinone,
It was found thet 1,4ensphthogquinones are useful inhibitors
of acid formetion by oral basteria from carbohydretes,

Bacterisidel snd bacteriostatie aotivity hes been
sxhibited by several l,4enaphthoquinones, BuuwHoi (§)
reported that certain arylamine derivatives are capable of
inhibiting the tubercle bacillus, end Zetterberg (18) reported
guantitetive measurements on naphthoguinone inhibition of the
growth of tuberecle bacillqsm Aotivity hes been exhibited
sgeinst atrains of Bruecells and Sslmonella (8) by Z2emethyle
1,4~naphthoquinone end ageinst Myeobacterium tubersulosis (18)
by tetrasodiuneZemethylwl,4wnaphthoquinone diphosphoric ester
end related compounds,

0lar (7) prepared the edduot from snthreoene and
pebenzoguinone to obtain 9,l0~endowow-phenylenes9,i0udihydroe

l,4santhreagquinone.
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Mullins (16) ohlorineted 9,l0wendowo~phenylenc«d,10«dihydrow
l,4wanthragquinone giving 2,3«~dichloro«9,10mendowowphenylenew
9,10wdihydrowl ,4wanthragquinone, Upon reeecting the chlorinsted
sompound with pyridine, Mullins obteined 1«(1,4,9,10.
tetrahydrowdehydroxysl,4ed40%x0«9,10«0-bensenocanthracenee2eyl)
pyrdinium inner salt., This compound was found by PerkeeDavis
and Company to be notive sgeinst the tuberecle becillus,

Bensimidmzole and 6(6)~aminobenzimidazole were found to
exhibit bacteriostatic motion which ecould be reversed by the
addition of guanine or adenine (17),

The above reports suggest the synthesis of scertain
substituted 1,4-naphthogquinones and 1,4-snthrequinones for
, possible rhysiological esetivity.

The method used for the preparstion of the imidazole is
iSsentially the one used by Hoover and bu§ (1i}zwﬁiuhvix an
adaption of e méthod first reported vy Fries andsBillig (13),

The method involves several steps nﬁartiag vihh
B, 5w&$ch1ara-l 4mnephthoquinense whieh is aummereinlty eveilable

under the neme 9&33@31
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The procedure used for the preparstion of the inthraagnu

and pebensoquinone esddust wes the one followed by Clar (7).

A modifioation #n the initiel step ee used by Bartlett, Ryan,

and Cohen wes adopted,
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CHAPTER 1IIX
EXPERIMENTAL
2eAMINOCuBeCHLOROW] , 4~ NAPHTHOQUINONE

In the preparation of this compound the procedure followed
was the seme es the one reported by Hoover and ﬁay (1) Two
hundred and twentyefive grams of z.Eudiakaaraaz,ﬁaaaﬁhthoquiuantf
- was giaosaiin 2 five-liter threeenecked flask, Thrttliitnru
of ethenol and 180 ml, ﬁflnmmuninm hydroxide were added, A
mechanical stirrer was employed. The mixture was ru#ﬁum«ﬁ
for tﬁa hours over e steam bath while ammonis gna'ﬁi;:pnna«a
through the solution, The hot solution wee then tra&ﬁtﬁ with
decolorizing cerbon and filtered, The product was weshed
with water and dried at 110 G453 yield, 76 per centy m&ltiug
point, 196 C, |



2«ACETAMIDOwB3«(0HLOROW]Y , 4« NAPHTHOQUINCONE

Twenty-five grams of 2eamino-3echlorowl ,fenaphthoguinone
were placed in & beaker conteining 30 ml, of ecetie snhydride,
One half milliliter of coneentrated 3330‘ was added dropwise
to catalyze the resction, The mixture wes then heated slightly
while stirring until the orange ¢olor changed teo & pele yellow
aolor. The mixture weas filtered end washed with water to
remove the Ep80, eand mcetic anhydride. The product was
rﬂemyakulzi:cé from .thanaz and dried at 110 C,; yield, 80 per
eentj melting point, 219 C,

2wACETAMIDOwSw ( 2. HYDROXYETHYLANMINO). 1, 4-NAPHTHOQUINONE

8ix grams of ﬂmuhétamidonanahlcrowl,4wngphthnquinant
were pleced in e flesk conteining 50 ml. of ethanol end 2.6 ml.
of ethanol amine, The mixture was gently refluxed for 30
minutes. A briek red produet was obtained, The produst was

recrystallised from ethanol end dried st 110 C,; yield, 80 per

oent; melting point, 174.178 €,

#ﬂﬁi*,aﬁlﬁéq for 61431?9‘!21 H, 10.4,

Found s !, 9.34,



10

1-(2~HYDROXYETHYL)w 2~ METHYLNAPETHI MIDAZOLE.4,9-DIONE

Three g?hnt of apiaitaniéﬁwﬁoethanﬁlni,6&&&9h%h0&ﬁ1nanﬁ

were added to 100 ml, of ethanol, The mixture was heated and

" then 10 ml, of 2N sodium hydroxide was added., The mixture

was heated for twenty minutes end then poured into 300 ml, of
water sontaining 10 ml, of 2§ hydrochloric aecid, A yellow
precipitate was obtained, The product wes reorystallized from

ethanol and dried at 110 €,y yield, 80 per cent; melting point,
298 €,

Ansl. Caled, for 514”139¢’z* N, 10.89,
Founds N, 10.54,

1w (2~CHLORETHYL )« 2+ METHYLNA PHTHIMIDAZOLE-4,9~DIONE

One gram of 1e«({2«hydroxyethyl)»methylnaphthimidazole was
pleced in s beaker conteining 50 ml. of thionyl chloride,

& watoh glass was put over the beaker snd the mixture was left

to stend over niakﬁ. Vurty ml,. of bengene were sddtd and the

« yesulting mixture was put on & steanm beth to remove the bengene

and thionyl ohloride., The yellow orange aryutmll&nu produect
obtained was dried at 110 C,; yield, 85 per cent; melting point,
177-78 €,
iﬁﬂﬂﬂ’l# ctlﬁﬁq far 31*311 2" gaii x, 10»593 ﬂig B.05.
Founds: ¥, 10,353 C1, 8,08,
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ANTHRACENEL P.BENZOQUINONE ADDUQT

The proeedure usod was a modiriostion of the Clar (2)
method as employed by Partlett, Ryan, end Cohen (1), 8ixtye
five grams of anthracens twice recrystallised from xylene and
44 grams of reagent grade quinone were hested snd refluxed in
590 ee, of xyleme for two hours, The solid wes eollected on
filter paper und washed with hot weter to remove guinone and
guinhydrone, The product wes recrystallized from scetle meold,
Saventy 5r§$§ of pele ysllow drystals were obtained., The
produet was dried st 110 35; yield, 80 psr cent; melting peint,
yellow st 207 €, red at 210 C,, and esrbonised at higher

temperatures,
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2, 3=DIBROMO-2 ,10=END Ou On PHENYLENES

9,10-DIHYDROW],4«-ANTHRAQUINONE

Twenty grams of the anthracene~p~benzoquinone adduet
were placed in a 500 ml, flaak‘aaataning 54 grams of bromine
in 300 ml. of gleaial scetic ecid, The resulting mixture
was then refluxed for 15 minutes, Forty grems of sodium
eoetate were added and refluxing wes continued for 45 minutes,
The bright yellow orange precipitate was weshed with weter to
remove the thmxnaluné.glae;ql acetio acid, The Qalting
point of the product was 294297 C, After recrystsllisation
from xylene the orange red orystals obteined have n‘ﬁalting
‘paint of 3224323 O,

An alternste method is the route followed by Clar (2),
Five grams of the enthrscens=pebenztoguinone sdduet trk pleced
1n e flask containing 100 ml, afrglaaial asetio nuiﬁ;l The
resulting mlwhﬁrc is heated to baiiing. To this hat/mixﬁara
was :ad&& éfopwiae & solution of bromine in glaeial moetioc
Qui# unftl an cxueaé was 1nd1eat‘d by the red eolor af‘thﬁ
bromine, The crystals formed were rpé orange end tht‘nultiug
point was 322328 O, Olar (2) reported s melting point of
aaawéaa e,‘ after reorystallization from xylene: In both

cases the product was dried at 110 C,



is

2w ETHYLENEIMIDOw3wBROMO«9 ,10wENDOw 0w PHEN TLENEw

9,10-DIHYDROL] , 4=ANTHRAQUINONE

Two grems of 2,3-dibromoed,lO«endo~o=phenylene«s,10=
dihydrow1,4-anthraquinone were placed in & flask sonteining
176 ml, of sbsolute ethanol, The solution was heated on a
water bath snd 2 ml, of ethyleneimine were added, Upon the
addition of the ethyleneimine the solution turned a red solor,
?he resulting mixture was hemted over a weter beth for 485
minutes. The hot solution was rfiltered snd the resulting
filtrate upon cooling gave maroon or derk purple orystels,

- The produst was dried at 110 C,; yield, 60 per cent; melting
point, 227-8 C.

Anal, Calod. fors O, H O FBr: W, 5,47 Br, 19.8,

Founds: 3,433 Br, 19,72,
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2u!3?ﬂ?k$?ﬁ?kﬂﬁﬁxHXEB!SqBKGKQm?,1ﬂu§§ﬂﬁmﬂmfﬁﬂgfbgnﬁ
9,10.DIHYDRO.], 4=HA PHTHOQU INONE

Two gresms of 2,5«dibromo=9,10=endowonphenylene~9,10«
dihydroel,4santhrequinone were pleced in a flesk containing
176 ml, of ebsolute ethanol, The solution was heated on a
water bath and 2 nl, of Z-methylethyleneimine were aéﬂad?
Upon eddition of the smine the mixture turned a red color.
The resulting mixture was heated over e water bath for 45
minutes, The hot ;glntion was filt ered end the resulting
filtrat;:ugan cooling gave maroon crystals. The color of
these orystels was lighter then that of the ethyleneimine
derivative. The product was dried at 110 C,; yield, 65 per
gent; melting point, 289 C,

snal. Calod. for CpglygOgNBrs: ¥, 5.38; Br, 198,11,

Founds N, 5.08; Br, 18.99,
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2wETHYLETHYLENEIMIDOnSwBROMOwD , 100 ENDOw 0w PRENYLEN E
9,10wDIHYDROW] , 4= AN THRAQ UINONE

Two greams of 2,5«dibromond,l0wendowowphonylens«9,1l0

dihydrowsl,4eanthraguinone were placed in a flask containing
175 mls of absolute ethanol, ?ha gsolution was heated on a
eteam bath and 2 ml, of znnﬁhylyﬁhyxenaigina wore added,
Tpon addition of the amine thc‘aolu%ion turmed red, The
resulting mixtwe was heated over o water bath for 45 minutes.
The hptquXutian was filﬁvraa end the taaul%ing presipitate
upon esﬁling gave dark mareon crystalss, The product wes dried
at 110 G*gAyialﬁg 60 per oent; melting point, 28 C,

Anal, Caled, for 0 H O NBr: N, 5.24; Br, 18.85,

- 24 18 2 | "
Founds N, 8.29; Br, 18,4,
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2w iMINOwBwBROMOWS ,1 0w BN DOw Ou PHENYLERE
9 410»DIHYDROW] ,4«»ANTHRAQUINONE

Four grems of 2,3.dibromo«9,10«endowoephenylene«9,10«
dihydro=l,4~anthraquinone were placed in e flask containing
78 ml, of ebsolute ethenol. #mmonis ges was bubbled through
the solution for ome hour, The solution turned reddish bhrown
in color end finally e dark purple, The product was filtered
giving dark brovmn orystals. ?hﬁ produet was recrystallized
from ether and dried at 110 C,.; yield, 756 per cent; melting
point, 298 O,

ﬁﬁﬁi’ 8&&5&.'?qr ageﬁlzﬂautrs ¥, 8.71; Br, 21,20,

Founds ¥, 8.81; Br, 20.89.

R
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BuACETAMIDOwSwBROMDwS ,10«ENDOw O PRENYLENE
9,10-DINYDROW] , 4-ANTHRAQUINONE

One grem of 2«aminowB«bromo«9,l0wendosc-phonylone«d 10w
dihydro=l,é~anthraquinone was pleced in a 50 ml, beaker,
Supficient mcetieo anhyiride to sover the gquinone wes added,
Four drops of sulfuriec eacld were then added and the mixture
was thoroughly stirred with e gless rod until the coloer
chenged to ¢ light brown. The resulting mixture was then
diluted by plscing the contents in a beesker conteining B0 ml,
of water, The filtered produst was rearystellized Trom ethanol
and dried st 110 0,; yield, 60 per oent; meltimg point,169 C,

ﬁﬁ&ﬁ*h“siad. for ﬂaaﬁlgﬁaﬁﬁra N, 3.34; Br, 18.25,

Fﬂ'ﬂnﬁ? N; 3;33; B!”t 18,41,



 2oNWCYCLOWHEXYLANMINOwS »BROMOWD , 10w ENDOw Om PHENYLENE
9,10«DIHYDROL], 4-AN THRAQUINONE

One gram of 2,3«dibromo«9,10-endoeo~phenylones«9,10«
dihydroe=l,4=anthraquinone was plaeed in a fl sk containing
1756 ml. of ethanol., The mixture was heated over & wit er bath
and one ml, of Nehoxylemine wes sdded. The color slowly
chenged during refluxing to e dark purple color, The mixture
was filtered after one hour of refluxing and the product
ebtained was recrystelliced from ether. Five tenths of &
gram of dark purple orystels were abtuinoﬂ. The product
wapg dried at 110 C,.; melting point, 189 C,

Anal, Calod, for CygH,,0,NBrs N, 3,09; Br, 17.50.

Found: W, 3,203 Br, 17,52,
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CRAPTER 1II
. DISCUSSION

The purpose of this investigetion wes the synthesis of
some l,4wnaphthoquinones and 1,4wanthraguinones, It has been
shown thet some of these substituted quinones exhidit physiow
logien) properties, The effeet of the different substituent
groups on the compounds prepared in this investigation are
to be studied,

The method employed for the synthesis of the imidaszole
was the seme ss that followed by Hoover and Day (8), It was
found thet the conversion to the corresponding imidsrole wes
readily scocomplished by warming in sleohol conteining 16
per cent of 22X sodium hydroxide,

It was then desired %o replsace the hydroxyl group of the
substituted imidazole with & chlorine moleeule, The best
method found was to resot the substituted imidesole with
thionyl shloride slone in the cold, After standing for tenm
houra, bensene waz mndded end the resulting mixturs wes heeted
over & steem beth until the bensens end exesss thionyl chloride
wore evaporsted off, Resrystezllization was from sleshol,

In the preparation of the anthrescene and pebenitoguinone
edduet the method followed wee the same as that smployed by

20
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Bertlott, Rysn, end Cohen (1), This method wns found %o
give the highest yield and slso the greatest degree of purity,
I# %hurprcyarution of the 2,3*dabr@mgm9.lawun&aéﬂf
‘ ﬁkuny&an;maylouﬂihyﬂfaai,&uanthruquiamno the method employed
by Hac&augh;1n1(¢) gave & compound whioh darkened at 270 c.
and melted at 281 O, Upon reerystallization the yield of the
pure dibromo compound obtei ned wes too low to be of practiesl
use., %“n slternate method and the one which was used in this
investigation was the one used by Clar (2), This consisted
of dissolving the santhrecene~p-bentoquinone adduect in glacial
acetio acid, heating the mixture to boiling, and then adding

dropwige & solution of bromine in gleocial aaet%o aaid. The

bromine was added until an oxaégg was indiceted by the bromine
eolor, Red orvange nryutala were preniyitgted even in the hot
solution, These red orange orystals were found %o have a
n«lting point of 3224323 G, C€lar (2) reported s melting
F‘paint raaanﬁr 520-826 C. for the dibromo compound reerystellized
» sf»@ zylene, The method of Cla r wes found to ia‘gupn§iar to
the one used by Maolsughlin (4). |

In ths preparnﬁien of the substituted 1,$~anthrlquinoﬂ#t
froﬁ the k,awaibranaas,10«:nda~a~ph#nylan¢*9.law&ihy&rewl.&g
enthragquinone and the various resctants used in this investiw
gation, the solvent used in eash esse was ethanol. Recrystale

lizetion wes from sthenol end from diethyl esther.
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The analyeis for nitrogen was determined by the miere
Dumes method, In the helogen snalyeis the miero "Parr
Peroxide Bomb™ wam used for the combustion of the halogen
compound to the sodium helide, The halogen content was then

determined volumetrically using the "Mohr method,”
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