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The halogemmtion of benzene and 3ts homologues in geneysl
results in addition, nudleny substitution and side ¢hoin subptits
ution, ¥ith the exeeption of dichler toluemehexsehloride nddition
sompounds ere known enly in the cnse of benzene, Side ehsin hslogen
rescts with alooholic silver nitrats, w!aiu nuglenr halogen does |
net, Benszenshexzaghloride, the enly sdditisn eompound the behwviour
of whigh hes been studied, does nmot remet with slooholie silveyr
nitrate, but upon treatment with alecholic sods i% decomposes to
form » trisubstitution produet, thereby Liberating hmlf of the
mz’m balogen. Zstimetion of the three types of compounds Mgmﬁaf |
on these remstions. | - -

ip general, rise of temperstuve, light snd the sbsenve af
molsture favour side obain m&a%%ﬁiﬁm while gatelysts, smong
which mey be mentioned iodine and the helides of ivom, sluminium,
ﬂ@;,' fevour nuclesr substitutions. GUongerning sdaition resstions
1ittle appears to be known beyond the fast that. m; are %tﬂymﬁ
by 1ight, |

seversl. theories of the meghanism ai side shoin and mmim%
substitution w@ﬂwa heve besn put forwnrd, Host workexs agma
‘m sttriduting side chein substitution %o ‘molenular halogen, 1& o
support of this theory is the faot that side chein am&mm@%\;i
stalysed by 1ight, lioreover in the case of the bromination of -
toluene it hes been shown thet the most effective weve lengths Mé L
those corresponding to the sbsoxption bends of moleculsr bromire,
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Zaneroft, however, sttributes side chein substitution to sn excsss
of positive nslogen ions,

- Hollemen {lse, des Yrev. chim. des Fays-dps, 27, 435, 1908},
supposes that nucless substitution is brought sbout by perhalides
- guch ap ﬁﬁxsg Cohen (4, C. 8.5 9%, 1623, 1910/ alsc favoms thie
sxplanntion, This would sccount for the scetien of helogen gerviers
and for the aagm%&va effeet of incresse of Lemperatuve, ﬁﬁw&ava#

. when the vemotion is onrrried out in nitrobenzene n distinet decrenss

ﬁ\‘in the amount of side ohain substitution Mss frequently been notiged,
\3&a$a¥ﬁ£mgvta the investigations of Cohen (iva. vit,) poiyiodides

aye formed tv & Ffar grestey extent in this scivent then in other

so-galled ﬁﬁaﬁr&i gelvents such as a&ﬁhén %&ﬁk&ﬁﬂ%@?&ﬁﬁg He there-

fore explaing the deoremse in the side chain pubstitution by #ﬁﬁﬁwQ@

| ing that muslesr substitution tukes plece to an apprecisble extent
due to the grest ingresse in perhulides molecules present,
Bumerolt (J, Fhysigel Chem., 1908, 12, 420); on the other
hend believes theti nuclerr substitution is brought about by an
axeess of negstive fone which excess yesulis from the addition of
- positions ions %o halogen wmolecules thus: |

This view is direetly opposed to thes of Fry, (4.4,0.5., 34, 1035,
1914), Fry considers that in benzene the hydrogen stoms in the
positions 1, 3, 5 nre negative, while those in positions 2, 4, 6

arve positive, He points out that the gonditions prometing vuelsar |
substitution, 1.,¢,, meinture, low tempernture end g&&aneﬁ of 1heht,
‘elso promote the fommtion snd stability of hypochlovous snd of
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- hypobromous acid in esch of which the belogen fﬁﬂﬁ%&éﬁa g@ﬂi%ﬁ?&&?
socording to the velenge fommuls |
 H-o-X
He gonsiders thet nuclesr substituled helogen z# always ?ﬁﬁi%i?ﬁiA‘_
. since it fails %o resgt with silver nitrate to fom silver halide,
in which it would of negessity be neégetive, end sinee it enters in
the ortho snd pars positions

t0 the negative methyl rodicle. e
therefore supposes thet nuclens substitution is brought sbout by

" pypechleysus and hypobromous ncide which effect the iﬁ%ﬁ#@kﬁﬁ&’@f

positive helogen atoms with positive hydrogen atoms of the nueleun,
if weter is regerded es 2 typiesl h&&ﬁ@ﬁﬁ serrier thie explansiion
' of its metion thyows light on the role played by serriers in genersl,
Yhese may be gonsidered ss entelysing the resotion through the
formstion of halogen addition compotnds which dissesiate to give
o negative radigle mnd a positive haiogen iom, which latter couses
substisution in the mucleus, |

Foeprding te Fry, side ubalwn helogen is mgaﬁvé_ since, for
axemplay ﬁan@yx bromide is formed by ﬁhﬁuﬁiﬁﬁ§ﬁ-ﬁéﬁi$ﬁ eof hydros
bromic esoid on the slcohol sccording te the egustion;

C H CH,.OH +H Ry — C Hz CH, Ba + H. oK

and eince venzyl bromide is essily hydrolyzed, Sut the Wydregan
which s repleced ia-QQQ;%QQQ(ZQé Fry therefore cencelives the
yemotion to be one of oxidetion snd redugbion acgording te the

equetioned s _ -+ o+
Cv(, Hs‘H—L'C"I '4 +X "}‘X—'; CGHb~-H1.C—X+H-X

-— 3 4+
C(,HS‘HZ-CP"X —> C Hg-H..CX

ip this conneotion 4% is interesting to nmote thst wrecently



béines {V.0.t., 121, 2810, 1922), investigated the brominstion of
‘phenol and geme to the gonclusion ihmt nuclear substitution is
pregeded by the formetion of sdditien compounds of hypobyomous
agid, This epsunpiion is supported by the fret thet he wes @%1& to
prepere tribromophenol by the direst sotion of hypobromous scid,
¥e gome now to some of the more gpaeific problems presented
by the photo-brominotion of ﬁ@laﬁﬁQ. in the sbeence of ealslysts |
the mein pi@&ﬁaﬁ is slweys benzyl bromide, thoughithe presengs of
- moisture mey bring sbout gonsidersble nuclesy substitution alse,
in studying the yste of the remgiion Bruner and Canerneeki (Bull,
kg, Cr., XQiég §lé&;ﬁ@ﬁﬁﬁ'$haﬁ trnocen of cxygen effected the #&ta
50 greatly thet reprodugible ropulis aaugd be not obitoined, Thaey
attributed the notion of oxygen to th&-tawwatzwn uf unsisble oxides
of bromins which mot as cotelysts. They were able to oliminate this
disturbing influence %j the sddition éﬁ s susll quantity of iodine
t¢ the resotion mixture, They suggesied that the iodine unites %o
form & morehtable oxide in this woy eliminating the effect of
- oxygen on the resctien, They feund thet in the presenge of o trnee
¢f ouyaen the #ﬁa@ﬁiam progeeds regulaxly, ord is wmonemolegulny
when the congentrstion of the bromine is small, They alse found
‘that the temperature coafficient was unususlly high for s photos
ghemiesl remetion, nemely, 1.8, = faot which is held by Andrieh
end Le Blenc {Zeiteeh 7iss, ‘hoto-Chem., 1916, 15, 217} o regult
from the ingreasing decomposiilon of perhalide molecules with
inereesing tenmperature,
Bruner and Leheeinski {Bull, Ae, Cr, 1910, 560 fnvestigoted

s pegulisy 2fter effect which oecurs when the resction hag been
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earried out in the presence of oxygen, This after effect couses
further quantities of bramine %o yemet with the mixture in the
dexk, 1% lasts for six hours or move but is destroyed by heating
to L00° &, for tweo hoursy o¥r bu the oddition of oxidisnble sube
gtanges, such as hydrobremie soid or fodine, Hydroehlorie roid
dees not have this effect, it does not ogour when the renction
‘iﬁ gsrried out in the presence of vexbon dioxide, nitrogen or
hydregen, They &%ﬁxi&aﬁa it to an ozide of bromine which ﬁ&#ﬁaya#a
substitution in the side ghain, In &axaawnwﬁ with this view they
_ shsorved thet oxygen is strongly absorbed durdng the resoiion and
the resction mixiure is colored yellow,

In thas gonneotion it is interesting %o ﬁ&ﬁ& that Gohen
{loo, eit,) refers 4o » similay yallow solubion ahﬁﬁ&ﬁ@a in the
ehilorinstion of toluene, e ststes thet it is discherged by the
rddition of lodine or hydreohleric ssid o by weshing with watew,

Andrigh snd Le Blane {loe, ¢it.) studied the photesbrome
inetion of ﬁalﬁmmé nt 15% and 25° ¢, They messured the swount of
hydrobronic aedid evolved snd zlgo the smount of bromine reneved
by slocholie silver nitvate, They found the ﬁm%a%%&n betwasn thess
quentities very veriable snd that the latter quentity often
expeeded the foxmer., On carrying cut the reegtion in the presence
of excess of oxygen they found thet the guantity of bromine ree
woved by the @1@@%@%&@ &ik@aw'aiﬁ#mﬁé was ﬁﬁé&tly ingreseed, being
'in some gases 40s grester then thet éV@EV%d s hydrobromnic aaséi
Bruner hed previcusly noticed s similer digervepancy in the photow
brominetion of @#@p&&haﬁﬁﬁm’ of which he amid “"die leakticnsprodukte
nalten den %xammaa@ﬁr&%a&f nevtngokig sud®, Andrich %ﬁﬁ @ Hiane
noticed thet these resction miztures had » #ﬁ%&ﬁw golour which wes



destroyed by weshing with weter. forking with dry solutions they
f@@ﬁﬁ thet the presence of oxygen grestly inervensed the yield of
side ghoin bromine but also greatly decressed the rate of the
resotion, ir the presence of exeess of oxygen they found tﬁ&%

8 moist solution and one gevered by s loyer of wrter recet differe
ently. 3n the firet, the speed of the venction is incressed srnd the
yield of side chein bromine decreased by the molsture, Similax
resulte hind been olteined by Cohen ir the ah&%rim&timm of toluens,
Shen the remetior mixture is covered by s layer of water, on the
othey hand, the wete of the recciion is alipghtly degressed end

the yield of side chein bremine grestly decressed, in 2ip, how-
ever, the presence of molsture or of excess of water has 1ittle

- effeat upen the RLZEERE renotion, These repulis they atiribute
to #hﬁ fopuetion of entrlysts end &hﬁy gonsideyr it ﬁwt uniikely
that iﬁvtha presence of exopus and of defieisncy of oxygen thé
satelyste axe different, in whieh cese their resuits would seén

to indicote thet the first is decomposed by wrter while the &#tﬁat
ie not, _ _
They suspected that the deficlency im hydrebromie meid
evolved wes due to exidatien, They thevefore pessed s mixture of
hydrobrowide peid end ozygen through 1llumineted $cluene, They
were eble to effect somsiderable bromination by this menns,

The resulting mixture wos yellow snd possessed sxidising =nd
vhenelis properties., Pinally they gerried sut the ressiion in

B gre buoretis mnd measured the smount of oxygen shsorbed and the
smount of hydrobromic acid deascnmposed, Up the &ﬁ%&m@%%ﬁﬁ.%ﬁ%% tha
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degompenition tokes piace avoording o the egustion
2. c7H%'+1HBn+ a, —> 2, H Bt 2HL0

the smount ¢f oxygen »bsorhed wrow more then double the gnluulasted |
guentidy. v

They peint out that, sceording to Suide (Wien Honetsh 33,
1255, L912) snd ﬁﬁh@ra; srometie hylrognzbons venteining methyl
groups reect with omygen in the presence of Light %o fomm peys
ﬁﬁiﬁ%&,ﬁﬂé thet the fomation of sush compounds would explain the
axgeens of axygﬁa'ﬁkaarha& by the mizture and slee its oxidising
and phenclic propertied, 4 @@&%&éﬁ.ﬁﬁ the gﬁra@ié&a formed would
owidise wome of the hyﬁx%%r&mi@ seld, being in the progess decome
p@ﬂ@d,%h@reﬁy, foruing %@&i@a whish on the addition of water renat
to give phenols, Singe the oxidation ié entalysed by 1ight éf'ihe
visible region of the spectrum, i.e,, by weve lengthe whivh
sorrespond to the absorption bands neither of toluene nor of
pxygen, and since they found that the exideation meinly takes place
enly during the yesotion, they srgue that tﬁa'ﬁmtgxyﬁim sotion
af'xigh% on the fomatien of sugh peroxides must depend on the
presence of bromine, & cennection which is moreover known to
axist betwesn bromine and othey yhﬁt&@h@mi@ai resotions, They
 therefore suggest thet en eddition compound of bremine is firet
formed, thusi T

| : N By

Vanalag

't&ﬁ brouine of whieh is then replaoed by oxygen, giving
it is abundantly olear from this swmery of the work

elrendy cerried out that the exmot mechanism of the yﬁ&ﬁw*ﬁ&amim&%ikﬁ



of toluene is still unknown, Uelien saygl “1%'%@$% b genfegsed
%ﬁ%% nothing definite L2 known sbout the meghenise of the y&@a@ﬁs;”
{Org, Chem, for Adveneed Students, 2, 397, 1913}, Hellemsn,
vefersing to his theory of the setion of gonplex ?ggﬁfii%fgﬁﬁ%f§%z¢g*
;a&ya {lo¢. eit.) "fependant un nombre de diffioul tés deveint encore
ii%;ééa svent gqu'elie pulsss servir & ezpliquer les phénomeénes
phwervés®, dnile Andrich snd Le Blane in reviewing the results
of their e
Photobremieyung des Teluols erhaltenen Brgsbnisse sind so

xhsustive researchssay: “Die bei der Untersuchung dex

mewnigfeltig, dess es bis jetst night moglich ist, eine Theorie

ibey den ¥erleuf der Besktion sufzustellen.®

Bk FHEL RN

_ It wen thoughi thad a study of the phetoe-brominstion of

v Bitre toluene miﬁhﬁ-%ﬁ%@w'@@ma 1ight on the gensrel probien,
In 1918 Brewster (J.A.C.5. 40, 406, 4U7) deseribed o method forx

preparing p. nitre bepzyl bromide using boiling cesben tetraghlore
tde s ihe solvent, Gines it appewred highly probevlie fyom the work
" of Apdrich and le Blane that the resgtion would proveed nodmelly
. when carried out in this solvent = deteiled atudy of the remetion
ps gapried out by Browster wes decided upen, '
| 4 geries of preliminery experinents were gurrled ocutl,
‘Z%Q gr. of p, nitre toluene was disselved in 160 e,¢. of earbon
%@é?&ﬁhl@r&éa snd the theoretical quantity of bromine, memely 11.7
gr, wes dissolved in 50 g.9. of gerbon tetreghlowide, The nitre
rough

¥olusne solution wes belled end the bremine seclution sdded th



w G w

the top of & ryefiux eondsnser, In experiments 1 - § the bromine

wes added slowly =2 the remetion proveeded, f&iiawiﬁg the directicns
of Brewster, - In Ko, & it was 211 edded before the reagticn begen,
In experiments 1 = 3 .01 gr, of fodine was ndded ss adveecated by |
Brewater, but in experiments 4 - 6 none wes sdded and 4t will be
notiged that these rﬁﬁﬁﬁiﬁnﬁ appenred %@lﬁtﬁﬁﬁaﬁ;mﬁﬁﬁ yapidly and
te greater sompletion, Yhe carbon sre light was used na en nrtife
ieisl source of 1ight. ’

%a; of dxp, Sourge of 1ight | Cstalyser

Are Light UL gr, 1p
J&ffﬁﬁﬁd ﬂﬁyiigh% '
Are light ‘
fre Light
sunl i@hfp

Lyre dight

Ms 3"? ﬁ*ﬁ*é,ﬁ

F 4% =3

- OATL Bl Bl b

in Ne. 3 ﬁh&lr&&atimﬁ wag garried out in & querts flesk,
Binee the yield in this experiment wes distinetly lower then thet
in experiment Fo, 1, ulirs-violet light hus apperently 1itile
effect on the rescilion, This wes to be %Kﬁﬁﬁﬁﬁd from the resulis
 obtained in the %xamiaa&i@ﬁ of toluene by other workers,
| The anelyses were carried out as follows, The reaction
mixture wes weshed with a solution of sodium carbonstie and with
water end wes made up to & kmown wolume, A 20 ¢.¢, portion wes
then removed snd evacusted for not less than 15 minutes st 50° G,
: &% @ pressure nod grester then 36 m.m, The residue woe boiled with
| eleohelie silver nitrete for 20 minutes snd the gk@&i@i%@ﬁ@ﬁ gilver
bromide weighed, The guantity of the %xwmimg in %&& total preduct
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wee then ¢sloulnted s n percentsge of thet %ﬁe@r@@i#aizy
pogsivle &ﬁﬁ@#&inﬁ te the ﬁgﬁ&%&@gi

Eﬁ:ﬁ? é ﬁ“ﬁ +i%r?——>3:%€; {Féi ¢§
Thrt the xwm@?ax of the cayben tetrashloride was complete is
evident from the congordent results ebtained in the rnelysis of
engh nixlure, |
| From ench resetion mixture the main @?aé&#ﬁ; Ps Bltro

&H? B+ BBy

benzyl E@ﬁmiaa; wos isoleted and varified by %@@&yaﬁa&i&&%&i&ﬁ
from aleohol end its melting point teken, To definitely identify
the produet two derivetives, nitro benzyl neetete end nitro héa%y%
venzoats, were fomed from the product obtained from experiment
Yo, 5, sceording te the directions given by Reid (J.A,C.5. 39, 130- 132)

Bore expot ﬁxpa%imaﬁﬁa were then undertsken with a view
to detemmining the smount of side chein substitution, nuclear
substitution and eddition teking place,

The apperatus gensisted of o flesk A in which the reaction

!

TeSughion
Pum p
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took plage, To it was mtieched s refiux condenser B, whiegh in
turn was connecded with the hydrobromie scid absorplién flasks,
G, D end B, U snd 7 contained poisssium iodide solution ghile

4 wes filled withe » known volume of stendard 5/2 ¥aOH solution,
D end & wers filled with glase besds, I wes gonnected to o

- suetion pump by means of which aiy was continually dvewn through
the apprestus during the experiment,

The quentities of nitro toluene and bronine sere reduced
to 6 ggﬁ end 7 gr, yespeetively, owing %0 the limited solubility
of the product in cold eorvem tetvashloride, The nitro toluens
snd bromine %@gﬁﬁM&w with 150 6.6, of earbon tetrachloride were
plsced in A, The solution wes then heated %o boiling end the 400
datt Tungsten Lemp, vhich had bean substituted for the are light
wsed in the preliminary esperiments, was turned on, Yhen all the
bromine had been used up the Light was tuwned off, sir wes dymwn
thyough the spperetus, and the yesetion mixture was nllowed to beil
for enether twenty minutes by which time sll the hydrobromic seid
hnd been swept inte the absorption flsmsks, The ryesotion mimture

- weg shaken uy,@xﬁh gedium onxbonnte gselution end then wnshed twige
with weter, It wes wede up to 200 o.¢, 7nd known volumes were o
used for snelysing the product,

it was required to detemmine the smount of side ohein
substitution, puclesy substitution and sddition teking plree, Ginge
in view of the gonditions undex which the remgtion was cersied out
it seemed unlikely thet eny large pexcentege of the hydpebrenmie
a¢id would be vsidised , the following method wes employed:



- 12 -

1ﬁ%; ihe total ﬁ&ﬁmiﬁﬁ'yxﬁﬁﬁ&%.im the mixture was gate
imated by ﬁﬁ@g@ﬁéﬁ*@ method,

2nd, The ameunt of bremine which resets with alechelic
silver nitrate was mecsured, |

3xd, The hyﬁx&bx@mia said evelved wae ﬁa&aur&&,

S.lve\r Mcrrﬁfﬁﬁ fﬁafffﬁﬁiﬁtﬁfo %%3?nﬁ§%ﬁl%ﬁ% :&? briefly tamed
*Totel Br,,",. Bepresenting side ghein, nuclesy and sdded byumine
by A, B end C, %aag&atﬁvaiy; we geil

“Total By, " - AtR +C
Silver nilrale B\;“ - A+ R

"Hydkobr‘omic ClCiCJ‘B);" - A ovr = AxC

e

A leonsiderntion of the notusl results obteined is necessary
g before the Msmg&my of the ised equsbion osh be %iiﬁmwmm

Qﬁégﬁﬁ%%*ﬁ“mﬂﬁhﬁﬁ woe used, %h&.wﬁwﬁﬁuﬁ obbeined sftey
vemoving the ¢arbon tetrschlepide from 5 agﬁ; of the solution
wes disselved in 25 o.¢, of absolute sleohol, and boiled on a
water ﬁ&ﬁh:ﬁhiiﬁ 3 gr. of sodium wes slowly added over a pericd

of thirty minutes, The mixture was then boiled for one hour lenger,

| 30 8,6, of water; snd the mixture seldified with nitrie neid,
Uwing %o the nitve group present in the substance 8. davk brown
precipitate nes formmed which mede filtration necessary, The sole
utdon wes then titrated with N/10 AglOR snd KECK solutions using
ferric gelt as an indientor., Vwing ﬁa'ahﬁ orangs ¢olour of the

solution, sonmidersble proctice wes necessery befove the end point

gould be detemmined with scoursey. Yor ilukds this reoson ggmymgtg-i@
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methods were tried but the precipitste gould met be washed free
from the grgenic matter carried down with 1% snd the yesults
ehtained were too high,

substence = [Theoretical
#of By

?; nitre bene , '
#¥l bromide 3707 38,66 3é¢g?& 36,33

poghloronitro , ;
benzene 22,51 22,65

Zptimetion of "Silver nitrmte ir,",
'&1§ﬁa}§a it ie known thot benzenehemechloride does not
rengt with elechelie silver nitrate yet it dows not seem juste

- ifisble to conolude thet, therefore, bromine additien compounds,
of nitre toluene, should they be foxmed, would slse fail to reaat
with this resageni, especislly in view of the fay vesching changes
knewn te be produced by the introduction of & nitro group into the
‘benzens ring. Since no helegen sddition ﬁ%méﬁﬁﬁﬁﬁ of nitre toluene
have ever been i&@l&ﬁad,'i%v%&@;‘%hﬁ?ﬁfﬁ&ﬁ,’iﬁy@$§§k$& to decide
beforehend vhether the silver bromide formed by Ta trenting the
product of the remetion with slecholie silver nitrate was or was
net pertly due to sdded byomine,

ihe produet obirined by nitrsiing ortho brome toluene was boiled
with aleokiblic silver nitrnte in ﬁfé&r o meke gertain thet this
rengent would not remeve bromire fyom the 2 brome 4 nitre toluene
which would result from nuolesr substitution, No silver bromide
wes fomed,
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 The hydrobromic moid together with o considerable quentity
| @fliﬁﬁé bromine weg sbsorbed in the sbeorption fiesks alrzesdy dese
exibed, The lodine set fxee by the Lromine wes gayefully dissherged
with thiosulphete and the solution titrated wem using methyl ovange
a8 an indientor, In owdex 4o detemine whethey the fodine thus
dischurged interferes with the tityation of the soid, fodine in
potogsiun fodide solution was sdded to a known volume of standard
hydroshlerie soid, Upon disehmriing the lodine with thissulphete
and titrating the solution no ohange in the end point was obwerved,

Lhevan saperiments have been cayyied out snd & vomplete
snelysie of the produst hes besn made in ench cmse, In experiments
1&6&&=¢mﬂ§n&m¢,yia@éﬁv¢£ eeloured glams were used %o obisin light
of the &#fraxmat eolours, 7This wes done in order to obiain a
geneynl iﬁﬁ& of which reglons of the speetrum w@ui&{gﬁyuy dotailed
study with securate light filters, In experiments 17 oxygen wae
é&awnfﬁ&wnﬁwh the solution during the resction, The abnomelly
#low rate of remction of experimenis 7 and 10 wes probably due to
an sogidentsl fometion of a ﬁ#ﬁﬁﬁﬂ&’#ﬁﬂuﬁw in %ha apparatus whioh
lowered the tamperature of the bolling selution and in thet wey

- deuressed the speed of the remetion, The results sre given in the
teble on the follewing pege, The £4£th volumn gives the smount
of nuelear subetitution, while the fourth and sixth added topether
give the amount of side chain plus added brominé, If no ndded
bromine is formed then the sixth akeu geluun gives the ﬁ&waﬁ%‘wf
hydrobromic seid devomposed, If ne hydvobromie seid is degomposed
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the fourth goluan gives the soount of side ehaln bromine sed the
sizth yepresenis sdded brouine,

Although the work of previcus imvesbigstors would lesd swe
%o suppose there might be soms slight oxidstion of ihe hydrobromie
acid by ihe eaygen of the rir, yet, im view of the fact thet the’
rezation is coxvied eub in Beiling eorben tei

yepidly removimg the hydrobromis neid se it is avelved, it seens

0t the very considersble velues which are given

meedly probebly ¢
in the sizth solunm can be due sslely o the oxidation of Ane
bydvebrenic soid by the mywﬁ of the sizr, In suppord of ks wiew
it wiil be nobicsd thatt tue gwa&g& of & stress - o myﬁ% %ﬁmwg}z
e wesetlon mixturs as i expovisent 17 bhs e&@s@ﬁﬂ nretively 1atiLe
i’w% A ihe mmsung m‘i added bronine, Fineliy the resulis of #1}

f&mw investigntions 20 to show thet the @uéﬁ:_%{}@ﬁ of the hydroe
%mm seid by Lreges sf oxygen in the resotion mixturs is chere
- eoterised by the gﬁ%%m irrspiiority. This i in M&%ﬁ aﬁss%m%
) %&m %amiﬁiﬁ&z&:g‘ &ﬂifﬁm sapuiis obisined i %Em presaut '
Though 1% seems improbable, | mmm, ﬁm% the oxi mw af |
the hydvebromie seid, whioh tekes ploce in the pholosbreminetiono of
feluene and which Bos bees po %x&ﬁ;&&g
workers oan be welfinisnt to seeount dor %&a &@fmmmy of the
&yﬁm&m%g é:%aa the ;ﬁmmm ﬁﬁ%@i ;m*g there is one @%ﬁw explanretion
 fhet sﬁa&mm be investignted %ﬁ"ﬁm one mekss the padigel % o
saak, %mmf&m, %m %m&&

@i@a%& by wm@m

thet losge %ﬁﬁ&%&%& a¢f addition %&%

+hig iz the posesibility of %ﬁa s%:itzaﬁiﬁﬁ of the sitie gyoun,
i‘ii“ﬁm teloene is s Lighit yellew substensce it is mot unrs




Bow it is well known thet mitre groups

‘ursted greups exhibit the yhenomenon of halochromism,
:Wmm& that = molesulsy compound Son
witre %Z&m& and one molesule of hydrobromic acld might be formed,
Sush s componnd wolld be formulaied secerding ie Bfwiffer's ﬁmwy
thusl

'.&a%iﬁg of one wolegule of

Chemie, Sks 1?3-&; z%ﬁh Such sempeunds show » tendeney
to underge whemicel Yeczrangements pesulting ix the satursiion of the

deuble bond, It is thervefore mot wnpessensbls %o suppose ma the

shove mole

which would Yesult in a side chain substituted oo

CH. <MW, c M,
n I n
. ~N

" " H6—N=—OH I .
po-N=o.uga L 2;:
This series of poszible trapsformetions has been skelehed

mﬁ,y %o dempnstrete the intrinsis probebility of suth v reegiion.

The wheole provlem undeubtediy needs further investigellon,




1HE EFFECT OF A MAGNETIC FIELD ON ORGANIC SYNTHESES

BY

HELEN D, CHATAWAY

THESIS SUBMITTED FOR THE DEGREE OF MASTER OF SCIENCE
APRIL, 1924,



i view of the growing regognition of the electronic theories
of ¢hemieal shange, it seamed of intersst to investigate the affect
of = megoetic field on organic reactioms. The first rerction chosen

wns the ghlorinstion of %eluene, sines its course is known %o be

easlly sitered by externsl conditions, Toluene was ehlovinated by
the setion of dry ehlorine grs on exeess of toluene and the yyaéuat

wee anslysed by the method deseribed by fehen, Frelininery ¢

ments were cavried out te delermine whether u a&gﬁ%@igufiaxﬁ int

either the rate of the resetien or the reletive proporiion of the
isomerds formed, IHach experiment was cerried cut in duplicsie, the
one reacblon taking place inside a megnetic field, the other outside
it but under otherwise identicel conditions,

she Neppetie Fiels The megnet employed wes & ¢ireulsy one
siniiazy ﬁa that used by Lowery for the messurement of mupgnetic votate
iens being built aceording to the direciions given in his peper {J.0.8
E i1k, ps 1322}, The megretic field is formed within the smgnet snd
seoording to messurements mede by Perkin on his own megnet the field
strength wes 8565 and 520 gsuss, when the current wes 1.7 and 1

amperes respegtively, In the present experimenis s eurrvent ef 1.3
smperes was used singe at higher gmperages fhe m&gﬁa% begame ovears

heated when run for any length of time,

4 gthed of Avelysls. Avalysis of the graéﬂgﬁ;aaa grrried out
&ﬁasrélﬂg to the method desuribed by Cohen, Dowsen, Blocksy and
Yosdmansey (J.0.8., 1910 T p. 1625, 2%@=§gagyi:f;ﬁﬁmiéﬁ‘waﬁvﬁaﬁaxw
fﬁiﬁﬁé-%y<bﬁixiﬁﬁ e portion of the product with slcesholiec silver

lusnces

3
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nitrate, and weighing the precipitated siiver ¢hloride, To deter-
mine the emount of para chloretoluene 2 weighed g@i&i&a.was oxidised
with pitric acid (1 part HNO3; 2 parts Hy0) in o sealed tube at 115°
to 120° €, for five or six hours, The mixture of scids thus produged
‘wes washed and boiled with 200ce, of watar;% %ﬁiavdimaexvea'azl the
benzoie aqid, orthe &hiQXﬁ benzoie éﬁi&, and about .2 gr. of pers
e¢hlore benzoic seid, -The para gompound was then filtered, dried at
100°% €., weighed, 2nd a orreetion made for the amount of ac¢id lost
. during purification. The ﬁanxity4@£ the crude mixture was then deter-
mined and its somposition aéleu&ateé from the £¢11@wing_agaat£»n§$
A+ A = oo —y ~§

od S+ B ooy &

| e S

~whereoSy and § equal the percenteges of tolusne, ortho ohloze

: téiwﬁnq; pave c¢hlore foluens, aﬁﬁ‘ﬁénﬁyi @h&@mﬁﬂﬁ present in the

- mixture, respectively, and where d4,, d,, dy and d, equal the corre
_aayanéins &ansiﬁia& af the pure substenves and d ﬁ&@ &anaiﬁy pf the
 m2x§ura.

‘#fZeck on the Fate of Jesgilop The uppaxaﬁax wad set up a8
shown in the disgram, The flask A waa p&aﬁ&d in the megnetie field

~ within the magnet while the flask B wes surrounded by a shade made

of héé?y paper the seme size and shape as the interior of the magﬁgﬁ,(
Shis was done in order that each resstion should progeed under the
‘influsnce of the ssme smount of light, Hqual quantities of toluene
eontaining ledine as a catalyst were placed in the flasks and the

. #hiﬁﬁiue genﬁxa%$ﬁ in ¢ wes pessed through each flesk simultaneously,



By edjusting the serew elipe, =, and b, i%-was ywﬁﬁiﬁla:£@~wa&#ﬁﬁia
the yate of flew'thxnaga aaah‘agpraxiwmtaiy equal, The fi&#kﬁ‘ﬁ%ﬁﬁ'
ramoved every hour and the gain in weight noted, At the &n& of
three hours the flasks together with their reapective au&ghar&a seid
‘ b&%#&ua were iﬁt&r@h&nﬁa&,

Time  Approx, mate of Gain of Gatn of w.gm

60 per minute
20 %
100 # # "

. 5 a ) w . | )
a(}g % # » ? #

Bince even after interchenging %he'ﬁ@aiﬁiana of the fiamsks, A still
continued to gain faster than B this difference wes stiributed to e

possible difference in the size of bubbles of ohlorine from the
sulphuric acid bottles and not to the effect of the magnetic field,



chisgt on khe froporilon oL Shs. AROBSZ) pds  Four experi-
men%a were aaxyiaé out eagh a@aﬁiating of two e&mm&t&a&aus chlorine
ations, one inmide and one outside the magnetié field, In the first
experiment no provisien wes made for keeping the tempersture of both
renction mixtures the same, In the other experiments the reagiions
were carried out in large test tubes plsced in outer jackets %hrough
which tep %m ﬁixﬁu}.ateréﬂ ~In the first three experiments ixfm was
uged as 2 ¢atalyst and in the fourth lodine, The results aii'e given
below,

(Fomition of flask I% of Toluene |% of o, ohlorxel # of p, ﬁh&em 7# of
v toluene toluene | benzyl
ehle:i&e
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As will be noticed the differences 1lie within the limits of
experimental errer, Moreover it had become appavent that the magnet
employed wae not suitable fur the pméuﬂim of inﬁmm f;m,&a‘ The
problem was therefore sbandoned far the gm&exfﬁ,



