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The pur pose of thi s e:per i ent wa s to deter mi ne , t o a cer tain 

extent , whethe r the method of pr eparat i on of the 8 - su l fonic acid 

of 2- met hyl - 1 , 4 - naphtho qu i none as ca rried out by Aar on Bend ich and 

Erwi n C~l?.rgaff1 is of ver y li 1ited or of mor e gener al a.p r licabil ity 

b.\· the use of naphtha l ene rather t' an 2-met hylnaphtha l ene as the 

initial compound . The successful method employed by Bendich and 

Char gaff 'Na s the oxidation of the sulfonamide by means of chromic 

a c id i n gl a cia l a cet ic ac i d . 

The serie s of r eactions which they carr i ed out was a s fo llows : 

(1) The pr epar ation of 2-methylnaphtha l ene - 8- sul fonic acid 

by the s l f onat i on of 2- IT~thyl naphthalene with chlorosul i on ic acid . 

(2 ) The pr eparat ion of 2- rnethy l naphthalene - 8- su l fony l chloride 

from the sulfonic acid by chl or i nation nith ph sphor us penta ­

chloride . 

(3) The t r eatnent of the sulfonyl chloride , ith a ueous am­

moni a to f or m the 2- methylnaphthalene - 8- su l fonami de . 

(4) The ox i dat i on of the sulfonami de t o 2- methy l - 1 , 4 - naphtho ­

qu inone - 8 - sulfonami de bv the addition of chromic acid i n 50;o a cet i c 

ac id to the pur e sulf onami de i n gl a cia l acet ic acid . 
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Si nce the procedure of Bendich and Cha r gaff was not fo l lowed 

i n deta il and the exper i ment wa s not ca r rieo. beyond t his po i nt , 

the ir furthe r proc edure and the detai ls of their wor k through the 

oxi dation proce ss have been omitted . 

They had previously nsuceessfully attempted 11 t o pr epare the 

desired substance by direct sulfonat i on of 2- methyl - 1 , 4 - naphtho ­

quinone with chl orosulfonic acid " and also 11 by the oxidation of 

2- met hyl naphthe.lene - 8- sulfonic a cid i n acetic ac i d with hydrogen 

per oxi de or chromi c acid . 11 In the attempt to perform the dir ect 

oxidation, par tial hydr ol ys i s of ,.he sulfonic acid oc cur .ced , a s 

indicated by the fo r m~tion of sma ll amounts of 2-methyl - 1 , 4 -

napht::i.o o_uinone . "The oxidation of 2- methy l - naphthalene - 8 - su l fony l 

chloride likewise faileo t o yield products of sufficient pur ity . 11 

This thes is was likewise to include an attempt to oxidize 

naphthosulfonic acid directly ; however , t i1e -,wr k did not proceed 

beyond t he pr eparation of 1 , 4 - naphthoquinone - 8- sulf'onamide by 

the oxidation of naphthosu l fo1~amide . 
p# al 

co- 05 ~ (iJ° _, 

- 2-

H fl 
N m~ 0,5 ,0 

/, 

I i 
0 

. 



Sulfonat i on of naphtha lene 

The proceaure for the preparat i on of a - naphthosulfonic a.cid 

as recommended i n Beilstein2 is as f ollows : 

a - naphtho sulfonic a cid is for med with b- naphthosul fonic 

ac i d by the a ction of concentra·ted sulfuric acid on naphthalene . 

'.rhe naphthal ene is warmed to so0 with about an equi -molar amount 

of concentrated sulfuric acid . The separ ation of a - &- b - naphtho ­

sulfonic a c ids i s ac compli shed b ·· conversion into the lead or 

ca l cium sal ts . The sal ts of t he a - naphthosulfoni c acid are the 

mor e solubl e ; ther ef or e the mi xtur e of sa l ts is boi lec: with an 

insufficient amount of water for solution . " his was the method 

used . 

Also suge;e sted i n Be ilste i n i s the mixing of finely d ivide d 

naphthalene wi th o l eum at 70° , t he use of chlor osul foni c acid in 

carbon d i sul fide a s the sulfonat i ug agent , and i n addit ion the 

use of YaH3 (s04 2 as the sulfonating a gent . 

The materia l i n Beilstein i s der ived f r om: 

(1 ) The pr ocedure of Merz and ;reith3 , -,11hich is a s fo llows : 

Napht halene and sul furi c acid i n a r atio of 10 : 9 a re 

heated togethe r fo r three hours at 1G0° . The unchanged naphtha -



lene is separated by pouring t he reaction mi xture i nto hot water , 

and the acids ar e separated as the l ead salts . 

( 2) 'he procedure of Henry , • Arms t r ong4 , whic h is as fo l lows : 

Laphthal ene di s so lved i n carbon d isulfide ·wa s r eacteu. 

with an e quiva l ent amount of chlorosulfonic acid . rhe reaction 

was termi nated after distil l i ng off the car bon disulfide b heat ­

ing for some t i me at 100° . The r esidue r ern.a i ning after treatment 

wi t h water was naphthalene . 

(3) The pr ocedure of urns t Lambert s 5 ; whi ch is as follows: 

The po l y sulfate for med by the heating together of a 

b i sul fate and sulfuric acid may be used for sul fonat ion of naphtha­

l ene i n e quivalent amount s . The ac i d thus fo r me . is remar kab l y 

pure a s compared to t he a c i d from concentr ated sulfuric acid . 

The Chlorination of Naphthosulfonic Acid 

Beilstein r ecommends that the sulfonyl chl oride be prepar ed 

by the a ct i on of pho s phor us pentach l oride on naphthal ene . The 

mixture is heated fo r 4 hours at 1 25° , c oo l ed with ice and wate r , 

separated , and re crysta l li zed fr om ether . his is ver y simi l ar 

t o the methods of Suver n rd~ann6 and of vesely and Pac7 • 

F . Krafft and • , oos 8 suggest t hat t he crystals of ~phtho ­

su l fo ny l chl oride be puri f ied by vaporization and condensation 
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under reduced pr e s sur e . 

The Prepar at i on of Napht hosul fonami de 

e il ste i n re c ommends the pr eparat i on of t he s ul f onami de by 

the t r eatment o f the sul fony l chloride with concent r ated ammonia . 

Thi s i s the me thod of {i mberly 9 , who r e cr y stal l ize t he final 

product from a l cohol . 

The procedur e r ecommended by Shr i ner and ·uson10 f or the 

pr epar at ion of the sulfonami de from salt s of su l f'onic a c id s is 

car ri ed out wi t hout isolat i on of t he su lfony l chl oride . This 

method was fol lowed c lose l y i n e :e exper iment . 

The sa l t i s mixed with 2-½ t i me s i ts weight of pho sphor u s 

pent achloride i n a dr y fla s k . The mi xtur e is heated under r e ­

f l ux t o a t emper ature of 150° for 30 mi nut e s . I t is then cool e 

and dr y benzene is added . Thi .s suspension i s war med on a st eam 

cone and f il ter e d . T'.i e benzene f ilt r ate , aft er washi ng with 

water , i s dded t o concentr a ted arnmoni a with st irring . he 

sulfonami de i s r emoved from the benz ene phase by evaporation. 

Pr epar ation of the Quinone 

According to o. Miller 11, ,vho r epeate d the wor k of C. E. 

Gr ove l 2 , naphthoqu inone may be obtained by the act ion of chromic 
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a cid i n gl acial a cetic a cid on naphthalene . (Four par ts chromic 

a cid per par t of naphthal ene ) . Oxidation is comp l ete at tempera­

tur es between 15- 20° . At 100° a r e sinous produc t i s obt a i ned . In 

any case , ther e is some oxidat i on t o pht hal ic acid . This i s one 

of the proc edures rec ommended i n Be il stein. Since t his was the 

method to be used , the i nvesti g·ation of other way s t o pr epar e 

naphthoquinone ¼as omi tted . 
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------ ----- --- ----------

ulfonation of Na phthal ene 

Prepar at i on of the l ead salt 

To prepare a - naphthosulfonic acid 200 gm. of concent rated 

sulfuric acid were added to 125 gm. of naphthalene . The temper a­

ture of the mixtur e was r a i sed t o 95° to f use t he naphthalene and 

th s t o i nitiate a more vigor ous reaction . The temper atur e of the 

mi x '-ur e wa s mainta i ned at 95° f or one hour , duri n g which t i me the 

mixt ur e became i nk i n co l or . The temperature was then lowered 

t o 90° and kept at t his po int for 2½ hours . The mixture wa s then 

poured i nto 200 cc of war m water . 75 gm. of t he naphthalene sepa-

rated from the so l ution and was r emoved by means of a suction 

fi l ter . Ther efor e only 50 gm. could possibly have been sulfonated , 

with a possibl e theor et ical yie l d of 115 gm. of na.pht hosulfonic 

ac id . 

The sulfate from the sulfuric ac i d and t he naphthosul fonates 

were precipitated by the addit ion of 320 gm. of l ead nitrate in 

a queous so l ution. The sludge was concentr ated t o 800 cc and f i l-

t ered . 

To the precipit ate wa s added 150 cc of concentr ated ammonia 

water , which wa s i ntended to for m the soluble a mmonium salt of 

the naphthosu l fon ic acid s , l ea ing lead hydroxide and lead sulfat e 
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as r e sidues which coul d be filtere d off . The sludge was r emoved 

by means of a suction filter , washed , and discarded . Lead nitr ate 

was again added to the f iltrate unti l no further pr ecipitation 

occurred . (1 60 gm. of l ead nit r ate were added--far i n excess of 

t he amount t heoret ical l y neces sar y f or t he compl ete pr ecipitation 

of the naphthosul f onic a cid present , denoting a high degr ee of 

i mpurity . ) The precipitate wa s r emoved by fil t ration and leached 

f our t i me s with 500 cc of hot water . Only three gr ams of the lead 

salt of napht hosul f onic acid were obta i ned i n the concentr ation of 

thi s solut ion by evaporation under reduced pr es sure . 

Si nce t he ap 0arent yie ld of the l ead sa l t of naphthosulfonic 

acid fr om t he original precipitate of lead sulfate and l ead naptho ­

sulfonate was extremely l ow, the filtr ate from this f irst pr ecipita­

t i on (see paragraph J 2) was concentrated by evaporation until most 

of t he solute was r emoved . (345 gm. ) This prec ipi tate was lar gely 

inor ga ni c (ammonium nitrat e etc. ) as was proven by subse~uent at­

tempts t o form t he naphthosulfonami de . Since t his product was 

obviously extr eme l y i mpur e and cou l d contain only a small amount 

of the lead naphthosulfonate (32 gm. as calculated from the solu­

bility of l ead napht ho sul f onate in water) another sulf onation was 

attempted . 

Prepar at i on of the calcium salt* 

In t his second attempt to pr epare na.phtho sulfonic ac id 70 g,,n . 
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of f used naphthalene were poure d i nto 110 gm. of concentr ated 

sulfuric ac id which wa s at a temperature of 80° . This temperature 

was maint ained by means of an oi l bath for 9 hour s . . t t hi s 

point a drop r emoved and diluted wi th a litt l e water showed only 

a s light turbidity . The odor of naphthal ene was , however , still 

pre sent . The mixtur e wa s then poure d into 250 cc of water , but 

no naphthalene precipita ted . A suspension of calcium hydroxide 

(5-1 ) wa s added until the acid was j ust neutralized (unti l a dr op 

of t he mixture t ur ned phenol phthal e i n paper red ). This re quired 

about 80 gr ams of calcium oxi de . The neutral mi xture was boiled 

and t he pr ecip i tate f ilte r ed off . The hot filtrate , which pr e ­

sumably contained ca lcium naphthosulfona te , was evaporated to 20 

cc i n five stages , the precipitate being r emoved after each stage . 

80 gm. of the i mpure ca lc iu,;i naphthosulfonate wer e obt a i ned . 

Preparation of the Napht hosulfonamide 

The sulf onyl chloride wa s pr epared f irst by t he ac t ion of 

pho sphorus pentachloride on calcium naphthosul fo nate . 20 gm . 

ca l cium naphthosulfonate , which had been dried over night at 105° , 

was mixed wi t h 50 gm. phosphorus pentachl oride and the mixture 

was heated under reflux for t hirty minutes at 150°. The mixture 

was coo l ed and 200 cc of dr y ben zene were added . The entire con­

tents of the fl ask were then war med on a steam cone, stir r ed 
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thoroughly , and f i nal ly f iltered through a dr y gr avity f ilter . 

The r es idue was d i scarded . 

The filtr ate was washed i n a separator y funnel with 50 cc 

of water five times , and then addeci with stir ring to 200 cc of 

concentr ated ammonia . The r eact ion was vigor ous and wa s accom­

pani ed by the evolut ion of much heat and the for mation of a dense 

wh i te cloud of a mrnoniurn chl or i de . The ben zene sol ution was added 

too rapi d ly and a l arge pr opor tion of the react ion mixtur e ,vas 

lost . Upon evapor at i on of the benzene phase , a thic k oily liquid 

containi ng a few crysta l s was obt aine i . The melting po i nt of 

the se cry stals was 140° (JVl . P . of a - naphthosulfonami de i given 

as 150° 1• The pr eci itate obtai ned. by r etreat i ng the oily liquid 

wi t h concentr~ted ammoni a had a melting point above 230° ( 14:P of 

b- naphthosul fonamide is 215° ) . 

Be cause of the loss of a lar ge pr oportion of the r eaction 

mixture , the entire process was repeated wi t h the followi ng varia­

t ions and results : 

The solution of naphtho sulfonyl chloride in benzene was added 

tote 200 cc of c oncentrated ammonia over a period of 25 minutes . 

The mixtur e wa s stirred mechan i cally . The benzene layer was con­

cent r ated , yielding appr oximate l y one gram of naphthosulfonamide . 

The ammonia phase which ·was yel low in color wa s neutralized with 

hydroc hl oric acid and evaporate a l .\fio st to drynes s . 'i'o the residue 
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thus obtai ned -Has added the oi l from the ben zene phase , and t he 

mixt ure was sub j ected to cont inuous ext rac t ion with benzene , and 

ther eafter with ether . The so l ut i ons obt a i ned i n this way were 

concentr ated to an oi l and comb i ned . Thi s oil wa s extr acted r e ­

peatedl y wi t h concentrated ammonia , wh ich was a l lov,ed t o s t and 

over the oily phase for an ave r a g:e of five hours befor e it was 

f iltered of f . A total of 500 cc of c oncentr at ed ammonia was used 

i n this manner. The a mmon i a cal solut i ons wer e bo i le to dr ive 

of f a l ar ge pr oportion of the ammoni a , a nd the light brown pre­

cipitat e whic h f ormed upon c ooling and stand i n· was filtered off. 

These cry st als wer e l ar ge , t h i n plate s , a few of t hem 2- 3 mill i­

meters i n diameter . The y ield was 7 gm. a fter r ecry stallization 

fr om 85~o a l c ohol . 

The attempt to prepar e the a - naphthosul f onyl chlor ide from 

t he hi ghly i mpure l ead nap.hthosulfonic a cid was unsuccessful. 

0 gm. of the l ead salt dried at 105° fo r four hours was mixed 

with 50 gm. of pho sphorus pentachl or ide . Hydrogen c hloride and 

some chl orine wa s evol ved until t he pent a chl or i de was exhausted . 

f urther a t tempt to dry another 30 gm. sampl e of this l ead 

sa l t was unsucces sful. The salt first di sso lvea i n it s 0 11m water 

of crystallizat i on and , aft er be i ng i n the oven at 1 20° for 48 

hour s , was a har d mass v,hic h showed s i gn s of considerab l e loss 

t hrough sub li1nation . Chl orinat i on wa s not attempted on t his sa.'llp le . 
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Oxidat ion to the Qui none 

To 3 . 49 gm. of naphthosul fonami de suspended i n 34 cc of 

gl a c i a l a cet i c ac i d at a temper ature of 80° was added a solution 

of 7 gm. of chr omic ac id i n 14 cc of 5O~ a cetic ac id , t hi s ad ­

d i t i on r equir i n e; a per i od of 5 mi nut es . The mi xt ure turned dar k 

gr e en and heated i tself st r ongly , a ccompani ed by t he evo l ution 

of a ga s . I mmed i at ely aft er the compl e t i on of t he addit i on of 

chr omi c t o t he suspen s ion , the r e01.ct i n g mixture was cool ed t o 

15° , at which t emper a t ur e i t wa s ma i nta i ne d f or 15 minute s . I t 

was t hen lef t at room t emp er atur e f or 30 mi nutes . 

150 c c of wate r were ad ded and the re sul t i ng pr ec i pitate 

was f ilter ed off . This pr ec i pitate wa s dar k ye l low i n color , and 

we i ghed 1. 4 1 gm. (36a:o yie l d ) . 

An at tempt wa s made t o r ecryst a ll i ze the qu i no ne f r om 8 51/o 

e t hy l alcohol . At first t he st aini ng impirr i t ies d issolved i n t he 

a lcoho l , l eav i ng a br i ght ye l l ow res i due . ·1ihen the temper atur e 

of t he al coho l wa s r a i sed to boil i ng by heat i ng on a wat er bat h , 

t he substance suddenl y ,ent i nto s ol ut ion and the al coho l rap i dly 

be came bla c k . Upon rap i d cooling a dar k gr e enish-yellow pr ec i p i -

tate settled out immediate ly . Th is was f i lter ed off . br i ght 

yellow pr ecipitate sett l ed out a f t er the a l coho l solution wa s 

a l l owed to s tand over n i ght . 

In both of the se pr ec i p i tate s the pr e sence of su l f r and 

n i trogen was i nd i cate d i n a sodium f u s ion t est . The pr esenc e 
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of an oxi d izing agent wa s i nd ica t ed i n t hat a samp l e of the pr e­

cipitate d i s col ore d f r eshly dist illeo aniline a l most i mmed i a t ely . 

I t appeared that the 1,4- naphtho u i none - 8- sulfonamide had 

been pr epared , but no qua nt i tat ive deter mi nation of composition 

has been made . 
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SUl\1 J; Y 

Ca lciu.'.ll naphthosulfonate was pre pared by the act ion of 

concentr ated sulfuric a cid on na.phthalene ; the naphthosul foni c 

ac i d was then neutr a l i zed wi th ca lcium hydroxide . 

a - laphthosulfonamide wa s prepared by the action of phosphorus 

pentachloride on ca lci naphthosulfonate fo l lowed by r eaction 

with ammonia . 

1 , 4 - naphtho quinone - 8-sulfonami de was pr epar ed by the ac t ion 

of chromi c acid in acetic ac i d on a - naphthosulfonamide . 
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C O N C L S I 0 s 

The method of preparat ion of the 8- sul f oni c a cid of 

2- me thyl - 1 , 4 - naphtho qu i none as carried out by ar on Eend ich and 

Erwi n Char gaff i s of a wid er r a nge of applicability than had 

been shown before t his exper i ment . '"he extent to which thi s 

r eaction may be app l iec. to subs t it t ed naphthalenes vvill have 

to be deter mi ned by futur e i nvest i gat ion . 

It would also be of i nter est t o i nvestigate the reaction 

be tween l , 4 -naphthoquinone - 8- sulf onami de and 8510 ethyl al coho l 

which occur red d11r i ng the atte mpteo r e cr y stallization of this 

substance i n 85~ a lcoho l . 
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