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'le ooJadeJl8atioD. of aromatio sul.phonohloroamides with 

anllines: Attempt to prepare sulphonazo oompounds. 

Ortonand King (!. 1911 11 1185) , have pointed 

out the utilisation of ohloroamines generally for ohlorination 

purposes, espeoially of an11ines and other bodies whioh are 

very susoeptib1e to oxidation. 

reaotion:-

OhlonDation depends on the 

Ar. BC1. Ao + H Cl --- Ar. HR. Ao T ~12.. 

whioh has been fully investigated by Orton and Jones (T. 1909 

95 146 ) (B. A. Rep. 1910 P.85). -
!he ease with whioh ohlorine is split off in the 

aromatio - sulphonohloroam1des -- Ar.se 1.. 11011.. and oombines with 

hydrogen sUSgest .. to the author the possibilitJ of utilising 
.-

ohloroamides for purposes other than ohlorination • . e.g. for 

oondensation purposes. It Was . "l$hy tUi iD 'view that the 
'", . 

experiments desoribed were oarried out. 

A r~aotion of the nature:-

Ar.. SOl. NOl l -+ H).N. Arl.. -----+ Ar,. 802., .N:li.Ar'l + 2 HOl 

would appear ·ver., eaay 'tio bring about. In the present 

researQh p..toluene-sulphon-diohloro~am1d. was used and its . . 

oondensation with an11ines senerallJ was attempted. 
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-
In experiments on the oondensation of p-tolutne-

sulpho~diohloro-Rmide with aniline in absolutelj dry etereal 

solution it was found that ohlorination of the aniline was the 

primary reaotion. this taking plaoe with great development of 

heat. This olearly indioates that the oondensation:-

AI'. SO 1. .B01 1 + BloB•O, B,.'R.--~ . Ar. SO~ •• S •• Ob l\,/{"t8H01 

had talte:n plaoe at the very outset. sinoe there is no other 
., ... -: 

souroe of hJdrogen ohloride neoessary to effeot the ohlorination 

of the aniline. 

The first reaotion need only tate plaoe to aver, 

minute extent. for the hl4rogen ohloride oatalyses the 

ohlorination of the aniline. The nett result af the reaotion 

is an exohanp of ohlorine atollS of the diohloro8lll1de with the 

hJdrogen atoms of the aniline. 
, . 

OH] .0" BIt.SO '1. NOll, + Hl, N. 06 Hs- --- O~Of, H3 .NHL + ~HJ.O, Bit SOt llll'l. ... 

Diohloroaniline is not the only product of the ~eaotioDI 

for ther.e is formed in add! tlon a mixture of ohloroan1lines in 

whioh p-ohloroanilina predominates. 

In order to effeot the oondensation of 
i 

OH~. 06 \.. SOt. :Ball. 

with aniline it was apparent th~t the seoon4&rJ reaotion 

OHJ.0f,H" .SO" 11012. -t H-'Lllo,06Hr '--- 01z..0, Hl.lIHl.. +OH,.O'~ItSOl.lll2.' 

would haTe to be stopped. !~ use of Plrldine sU8!8sted 

itself. since pyridine hJ'roohloride is insoluble in ether. 

the medium in whioh ezperiments .ere ' oarried out. 
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It was obserTed that the reaot10n prooeeded in 

almost the same w&1 as if p)'ridi~ were absent. The . explanatio~ 

see.ed to be that P1ridi~ hJdroohlor1de when formed , i' in a s~e~ 

saturate' state. in the ethen&l solution &Dd is perhaps slightlJ 

dissooiated. ,It would then be possible to eff.o~ ohlorination 

of the aniline. AIImonia was. thenfon_ tried; a stre .. of 

_oJ1i& being led into an ethereal solution of the diohloroudD8 

(1 IlIA.) whilst an ethereal solution, of aD1line (I 1101.) .as 

allowed to run in drop bJ ' drop itlto the a1~. !he ...onia 
" " 

does not ,effeot oondensation aB it oombines with the p-tolueDe­

sul.phon-diohloro~~de to form the white ammonilDll salt --. , ' 

OR ... O~ R4., SOl. BOl. NH40 

tMs salt had not preVious1J , been isolated although its potu.i_ . . . . . 

and 80di1DD analogues have been isolated bl Ohattawa, (!. 190G !! . . 

. 1.'1). The ammoJrl.um salt is extremel), unstable: as soon ,as, It la 
, . , 

filtered off from the ethereal solution and washed with ether._ it 

deoomposes. liberating ammonia freelr. This takes place With 

great evolution of heat. the salt finall)' deoomposina S1~1D8 

hIDes off ammoni= ohloride an! leaving a residue of the am1de 

&Il4 81DIIlon11J11l ohl oride • The UDstable intermediarJ, --- . 
• I ' I . , . 

OB.}. 06 R4.. SO 1.. B01.R 

is undoubted1)' formed. 

Slnoe aniline was so susoeptib1e to ohlorination 

it .... deoided to t17 a:.:diohloroaD11~D8. DJ using this, 

qompoUDl interesting results were obtained. 
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. .. ' 

2:4diohlor0&D111M oombines with p- ~oluD8-sulpholl-

diohloro-am14e eyen ln the. 8011d state with great 11beratloD of 

hed. ·tile produots of reaotlon belna p...tolU8ne-~u1phoDU148 u4 . 
a lIIlzture of the h18her ohloro&D111nes. 

If howeTer' & b7 ethe.real 8o:J.utlon of 2:' dlohlol'a-. 
&Dillu (1 .. 1.) ls 84484 to a 41'7 eth.nal solutl,OD of ~ tol_~ . 
sul.phon-dlobloro.;.ud.d. (l aol.) oontalning two equlTalents (s11_t 

. ... . . 
ezoesl) of pJridlne. tilen a deep "4 "~tion .ll1xture ls ob:talD14. , 

• • ' f ' .~ ... 

On standlng P7:r1~D8 qdrooh1orlde 01'1s1;&111s.s out. !he ethereal 

solution. on e"po1'&tlon to dr,ness. stYes & re4dish sol14 whioh 

on reor.rstal11satlon from ohloroform 81yes a s11ght1, ,a110w 
I I - , 

so11d ~P. l6~66 . 0. 

If P1ri41118 solutions of I mol. a&oh of Bst 410hlol'a­

$D111ne &Dd po. to1 une-aul.phoZkt41obloro-.am14e &1'8 miD4. a d •• p 
, . 

red ooloration is developed. On standing. & so11d separates out . 
from the reaotlon mizture whioh melts at 16'-166 O. !he ob~.ot 

of using P1r1d1ne as a medium was to suppress the dissooiatlon of 

the P1r1dlne h1droohloride when formad bJ the sp~ittlD8 off of 

BOl In the oondensat1on: 

01l. .C6 R:J .BlI~ + 012.JI.S0:z.eOb H,. .OH..] -- O~ 1.0C. R3 •• :_.80'1. .06 Kif OH3 +2HOl 

&Dd oonsaq~nt17 ~o. preTent the seoondar.r reaotlon 
I , , . . , • I , 

OR J.O 61\ • SOl. .11011. 1" 2lIOl .-- CHl.C, H .SO .lIB 1 T .f.01 , 4 2.. -from taking plaoe. 

~ther ~nteres.ting experiment whioh haS been .oarried 

. out ls the followlD8l-



80 

. Dry ohlo.r1ne 1e paaaed 1nto an eth.r~al solution of 
• • , I I ' ' • " •• 

P':" toluene-aul.phon.d1ohl<>:~ftaam1de (I mol.) whilat an , _1;he~ea1 

solution of 2:4 diohloroan1lina is l'1Ul in drop bJ drop. On 

addi1ion of the aniline,.p- toluene sulphonamide separate. 011:ti. 

but reUaaolvee with oontinued pasaage o~ ohl.Or1D~" !l!he ab-
. , " ~ " 

80rbtion of ohlorl_ ia "eJ'J ~a..,. &Dd. sr_at ao1ditJ i1l d''''~oJ.~ 
", c.;. ';) 

After washing, fz-.e fro. aoid. the ethen&l.solutlon is dr1ed 

&Dd evaporated. J. hea." reddish 011 . 1s obt&b.ed poaees8iq a 
. . 

penetratlng odour: this 011 sloW1J' deoomposes on standing. It 

app.ears that both the am1.no groups &ot as oarriers o~ ohlor1ne 

&Dd that mutual ohlorination ooours. 

The prilQ&1'J ob3eot of passing .oh1or~n. into tht 

mixtu-e 'Was. to bep the ooncentrat1on of the amide o~nstant 
I • 

1.e. to repl80e t:t1e part of its ohlorine whioh had been 
• • • _ w • 

utilised to, effeot ohlorination of the ~line &Dd also to 

drive off any h1~roohlorio &oid formed in &DJ oondensation that 

would take »180e. 

!his work ls ol~ar11 far from oomp1etioD. the 

poss! bl11 tles &Dd a.oope ba"ing been bJ no me.ana exhaust.t. 
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The Q,1l1DhJdroAl, m.,otrode. 
"-- .---------- ----------

A.s thi s eleot~de was used throughou,t the Whole 

oOl1l'se of the work oarried out on "t1.oluno &Old. a desoription 
• • • 1 • , 

o~ 1 t ., ~ of lnt.re.t &Dd DOt out of plaoe. 
rea.etlaDii 

The aff~D1t, oforgan1o":bu oDl, been .. asured _ln 

V'17 few oa.es. Inorganio ohem1st17 there has been a peat 

deal of disoussion 'on affi,Xl1tJi , bu~ .,.erJ llttle eDot In.,.,atl8&­

t~OJ1' w:h1qh ooul.dgl ve n~"rioa1 valuel :tor the aff1nS. t1 of 

dlstinct ' tranafo':rmatiol1S. Howe.,.eZ'i slnoe, 1920 , aeveral investi-
, , 

gat1Q~Ii. of, this ldnd ha.,.e been o,-rried out, oo~el'D1Dg the 

reduotlon -- 0%1da1;10,n PQtentia1 ,of ,oQup1ea of orpn1o o01llPO~s. 

~spaoial1J of the tne quinOq-- hJdrotu1DOne. whioh wasexaa1qd , '. .. 

b7 Haber and, Raas as far baok aa 1904. Whilst most lnve8tlgators 

have oarried O'\1t thelr experiments o.,.er a vast l1lDDber of quinones. 
, ' 

, B. B131man has atudlea. ,the reduotlon potentlals of some fell' 

quinonea ln 81eotr0111;e8 with different PH.. His lnT8stigatloDS, 

have s110WD that b1 " ,&DB of qUnhJdrone. whioh is 8 o~DlbiD&tion of 

one mo1eoule , of . hJdroqu1~ne &n4 one of ,quinone. an e1eotrode mal 

888111 be 8et UP. whioh 1n m8Zl1 oases m81 be, ueed, as a TeZ7 . go 04. : ,~ 

H e1eotrode oorre~ponding to a hJdrogen pressure whioh 1e 

exoeeUD811 feeble, but 1n the 08se of 111ut,e e1eo1;r011te. 

00118t811t and w811 defined 8t 8 given temperature. 

The ohemioal prooess 1n the q~nhJdr9ne &1,otroo.e 

18 a 1;ransformation of d18so~ved hJdrOq~DOD$ in 4is80l ... e4 
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qui.none 8lld ~dr08'8n. and T10e versa. 

»13lman found 1t most oonve~.~t ~o ~mplo, .,.e8s,ls. _ 

of the form used for ~&lo~l eleotrodes and this plan was 
" .. ' .,-, . 

adopted 1n the p~sent researoh. Howeve~. whereas Bljlman 
. I " ., • 

empl01ed a Pt eleotrode. following the 41800"el'7 ot 1ta 

advantagea b1 Dr. J. W. Corran otth18 U~Ters1t, we eDIJ1~le4 

gold leaf eleotrodes. 
• I \ " 

.. 
For .. ma.Jdng the eleo.trode. re&41 for Ui!e about 16 ~.o. 

of the eleo~~~,~ are shaken for t- mnute or so .1 th so.e. a 
, . ; ". -", .... . , ' ~ 

few gre. of quiDhJdrone. the D11xture 1s poured 1n the T~ssel 

ana. the gold ele,01frode f1 tted in plaoe. As . soon as the 

solutkion has the desired temperature. the ele9t~~4. 18 readJ 

for the measurement of potent1als. 

The two ohief ap:pl10at10ns of the qu1nhJ41'O~ &%'e- ... 

(1) 8a an eleotro4eof eemparison' and 

(2) for ,the determ • . of PH 8. 

For the determ1nat10n of PH 8 the quip.Qdrone 
.. . ? . 

eleotrode has the dvantap that 1 t . 1s ",eq quiokli pH1'ared ~ 
, ." ... 

its H pressure 1s BO feeble that it gives well~defined potentia3,l 
• ~:_'~f 

1n m.&Il1 oases where the usual H eleotrode. do.snot work, ." 

beoause it reduces one of the oompoUnds 1n the ele~trol1t. 

of the eleotrode. 
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. A. speotrometno investip1iion of d1pheDJIV1 ol'Ul'IlO" &Old' aDd 
its 81ki1i salts. . 

Of 811 oompollD4s known to 0,,1I18t8. those 

affording, at onoe, the most speotaoular and deoisive 

refutat~on of the theol'1 that ab8orptio~ in the visible 

region of the speotrum is related to ohemioal oonstitution. 

are dipheDJlviolurio aoid and its alkali salts. 

The UBualll aooepted formuia for this oompound 

~Ph--OXlH o ; • and it is olearI, quite 
PH -_ 0 . 

is 

impossible to establish five different formulae. &8 the 

oolour-oonstitution theory neoessitates. for the five 

alkali salts of the aoid. 

~efore stating the results of this researoh the . 

method used for the preparation of the aoid will be first 

desoribed. 

Preparation. The following method due to 

Whitelel (Jl~ c. a. Tr8l18. 1921. 1338.) was used. 

A. mirlure of 15 I1"S. of malollll ohloride (,.mol.)' 

2581's. of finell powdered 1- dipheDJl oarbam1de (1 mol.) &Dd 

60 0.0. of pure ohloroform. dried over sodium. was boile' in 

a refl.x apparatus. on a water~bath.for. about four hOUl's. 

The solid produot. aft.r being separated bl fi1 trat~.()n , ~ 

w~shed with ohloroform. weighed 16 Brs. and oon~,~lt ••.. ot. 

Ulloha.D8ed s- dipheDJ10arbamide .( 6 Bra.). and 1.: ~ - dipheD11-

barbiturio aoid (10 Brs.). These were .eparated bl Ill ..... 

of sodium oarbonate solution in whioh the acid dissolT,e' 
, " .. 'I ", 

. ~. 
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readi11 &Dd was reooTered bl the addition of hldroohlorlo aoid 
, . ' 

to the solution. A further QU8Jlti'tJ ,of 8 grs. of 1: , 3 -

dipheJlllbarbiturio aold W&8 isolated from the ohlo,rofo:rm mother 

liquor by spontaneous evaporation to drlness and e2iraotionof 
. - . , ". 

the slruPl residue with alooho1. Oolour1ess, prismatio ne.dle. 
o 

of the aold, melting at 238 a, were obtained by dissolving in 

aloohol and preoipita~ing with ether. 

DipheJll1 viol urio aoid mal be prepar.d from dip~e~l-

barbiturio aoid by either of the following methods. The s.oom 

method was found to be farmor. oonvenient and, indeed, better 

yi.lds w.re obtained; it was, therefore, ultlmatell used 

.mlusivel1. 

(1) Wh1te1el's Method. 1:3 - diphentlbarbiturl0 

aoid, dissolved in dry ohloroform, Is mixed wlth Qn. moleoular 

proportion of ~fI!I prepared e~ll1l n1 trite In alooholio 

solution (44.~) in a olosed flask. The solution, orig1D8l1J 
v ' • 

deep red, beoomes pale yellOW aft.r about two dals , , and, on, 

rapid .vaporati~n of the ohloroform in the oold, deposits ' th' 
,/ ' . ' 

1:3 - diphen,lviolurio aoid in a or,stalline form. 

(2) HanBtaoh C • .) a.n4 Robison'a method (J3er. 1910 • . 
51). DipheD1lbarblturio aK1d i8 d~s801ved in a slight, exo.a8 

of dilute sodium hydroxide solution • .:.. .... ~~ .. i .tuival.nt of . ''"': .. :.,.....:- . '" - '. 

sod1um nitrite Bo1ution 1s added. Add1tions of very d11ute 

sulphurio aoid are now made, drop bl d~op, the 801ution is 

10e-oooled and Vigorously stirred so long as Or,JBtalS of 
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diphen,lviolurio aold separate out. These are filtered, 

washed with water and dried over phosphorus pentoxidl. !he 
o . 

oolourless needlea of the aoid. beoome red at 200 0, and melt 
o 

with deoomposition at 22' O. 

The objeot of the researoh oarried out in the first 

plaoe by the author. was to establish some relationship between 

the bands of the various salts and. if possible~ to derive thei~ . , 

oommon fundamental in the infra - red. It soon beoame appar-

ent. however. that. owi~g to the proximity of the bands to eaoh 

other, any slight error would make sound deduotions and conoiu- 1 
~J 

sions very diffioult, and, as indeed. the region of the speotrum 

examined made the ~'Tement of exaot wave-lengths extremel1 

hazardous. the in1 tial aim of the work had to be abandoned • 
. 

The alkali salts were prepared by adding a small 
' . , 

excess of methyl alooholio solutions of the methoxidesof the 

alkalis to solutions of dipheD1lviolurio aoid in methJl aloohol 

and m.ald.ng up to the req~red strengths by add1 tiQn of the same 

solVent. 

An extremely interesting phenomenon was observed in 

the oaae of the rubidium salt whioh, when freshly , prepared . ~n _ . 
, 

methll aloohol. is of a beautiful deep-violet oolo~. It w~ 

notioed that the salt in this solution gradually varied in 
. . 

oolour, developed a reddish fluoresoenoe and, finall" beo~e 
~ . .. . ... 

deep-yellow • The following is a reoord of o~e experiment, from 

many of a similar oharaoter. oarried out with this salt. 
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1 0.0. of 0.29V B dipheDl1vio1urio acid in methj1 

a1ooho1 + 2 0.0. of 0.1~ B"rubidium methoxide in methJl 

a1ooho1. 

Appearanoe. Time. 

deep violet 0 
less intense violet 30 .Ioa 

ati1l less intense violet . 60 aeoa 
neutral 1i tmus 1".30 a.oa 
slightly rldAer 2. 0 aloa 

ver" slight17 redd.r 2".30 •• 08 
ver,r Slight1l reddlr S". " 0 .eoe 
opale8oen.e evelop.d 3.30 •••• faint suspenfJion 4-. 0 • Ioa 

almost 001our1ess 4.30 •• oa 
faint 'p~l' " 5'. 0 •• oa 

slightly stronser 5.30 8.~a 
slightly stronger 6". 0 seo. 

red fluoresoence developing 8. 0 .eo. 
greJ-green oolour with 

red fluoresoence 10. 0 SIOS 
deep yellow with no 

fluoresoenoe 15. 0 .eos 

It was, therefore, attempted to find out whether thl 

above series of ohanges was due to alooho1ysis of the salt or 

was to be attributed to a degradation in energy oontent of the 

mo1eoule with the produotion of new phases. 

The following experiments were oarried out -1 th a 

view to e1uoidating this problem. 

Cl) to equal volumes of rubidium dipheJl1~violurate were ad4ed" 

(a) an equal volume of meth1l aloohol, and. Cb) an equal. 

volDme of ether. 
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Now,in aooordanoe wlth the law of mass-aotion, if 

the salt is being deoompQsed bl the al~ohol, the rate of 

deoomposition is a funotion of the ooncentration of the 

solvent and, Indeed, until the reverse aotiol?- oease. to be ' .. 

neglig1 ble, Is roughll proportional. to it'. . As an approx1l1l~ 
measure of the rate of deoomposition was taken the develop­

ment of definite oolours in the prooess. 

The results of these experiments bore ~ut fa1rly 

oonsistentll the view that deoomp'o~ition was goins on Since, 

al though for double the oonoen~ration of meth11 aloohol. the 

development of oolour was bl no means twio. as rapid, an 

easill dlsoernible differenoe waa invariabll remarked~ 

(2) A solution of rubidium diphenylviolurate in methJl al~ohol. 

whioh had been allowed to ' stand overnight in order that 

there should be no que8tion .... ~~o the end-point of the 
. . , 

aotion havlng been reaohed, was taken. To thi8 a solutlon 

of hydrogen ohloride in methyl Bl:oohol was added in auffi-:­

olent quantity to preoipitate the whole of the rub~di~ as 

rubidium ohloride. This Was filtered off, ~ the tiitrate 

was boiled gently in order to free from &n1 exoea8 of 

h1drogen ohloride. To this solution was again added 80 •• . ( 
rubidium metho%1de solution in methJl aloohol. 
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Bo oolour. whatsoever. was developed ~. therefore. no 

dlpheD1lvlolurl0 80id oould have been present. 

There seems llttle reason .for doubtiD8. therefo~"~ 

that deoomposition did take plaoe in the experiments deso~be4~ 

but as to its nature nel ther the results o~ the researohoU?iea. 

out nor an eDm1nation of the &Oo.»t... structure fo:r41phlQ]. vi 0-

lurio acid would 3uatif7 even a tentative suggestion. 


