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A STANDARDIZATION 0? THS SASBKBm ENACTION, WITH
SPECIAL APPLICATIONS•

Introduction. • ■
Tliis research is an attempt .is standardise the Sand- 

meyer reaction and to make special applications of the stan­
dardised method to certain confounds.

A thorough study of the voluminous literature relating 
to the Sandmeyer reaction necessarily precedes any attempt to 
develop a standardised method, that ie^to ascertain by experi­
ment, uniform conditions under which the rectlon might be ap­
plied generally. Accordingly, thin thesis naturally divides 
iteelf into three parte*

Part A is a historical and theoretical review of 'the 
Sandmeyer reaction, covering.some, of the more important work 
done in this widely studied field by several investigators#

Part B is a report on the preliminary experiments which 
led to a standardised method of procedure.

Part C gives the results obtained by using the stan­
dardized-method and the variations resulting when other salts 
|ies; substituted for the-more commonly used cuprous salts.
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fart a» MatmimX end nasovsttaft.*

Qm at m i  swat useful vmpXmmnmt reaction© if synthetic 
omanic' ehoiaietrv fa ' that bv nma of SeUQdbnsvef.
ifmugott Saadaeyer, 1854-1922,) Byuse of this reaction,Bund* 
W « v  discovered that the tain© group if m mmmti& .maim 
mmv Tj« renlseed bv any ■»** if a cry tint **mShm* of perouoe* M&oaesîAajg, ii ip |i* * î ŵipr ©msee iPwP e©F ■ aBp̂i we® ?e e*ê̂wF©waiiv̂e pp̂p tSê̂  —p ̂pjar v

m s  w&fw*; igyff̂ p ■ |.y- f̂ ft||,y f̂ tatftfd by reduction if a mitro 
group, and the latter can he Introduced intothe aroBasUo 
nsolsus toy direct nitration, w y  compounds can be prepared 
indirectly thru net if the Sandmeyer reaction la a big® state 
Of parity, very diffucult to secure by say ass# direct aesas* 

She. first"' sasfatf-*!; step; la tt*!' reaction' Is
thfl 001$Vliy©&©IJ 03? tfaft StSOIXQ SsiS®' tibS1 &tft80Wi&WW srowo*• ,-.■ wpPWWWF «tr WPP » *W FFW wW 'TPWMFWP WPP1WWP' MjBMf WWP <*!■. • W îp̂̂p|«nj ««■ w»»n .. ■ . USjP *r

PCS a r̂ roaeff' ’nruH t*yt*fM n A A n i* - nf this reaction. m i  if the 
oreoertias «n^ reactions of ^<««mtit»«a..*«ito. «hciii4
therefore he understood thoroufxhlv i»aflf*i» «« thav are reallvîeB̂eppe eeBa epP'̂e ee *r ee B̂PwpporeeTP* **— Beevepeer ■ . ewowBa eêweajweŵM̂ p̂p®ppwe* ww . w—̂p1 w

1 " m e  diaaovarv of Aiaso Sf«wmm'n4«i la usually attributed•̂eBaea1 iaap ©eerer a ved sets. iiaapaeBipia esaiBBPiefeviWiwiaae ^̂eea êpepieê̂ pê̂ ĵp "r— w

' to yehaan feter driess | sho firot prepared than in tS$8 # al*
fetm aorliar msrlg 'ted bean done*..ipMBip arww«a«aaPei' wapa*iia aŝ»iw iirap̂ps# wspsnsw *

Piria la 1049 found that ®aino*suoolBio aoid w m  easily
ooaverted lam aallo aeli hy tvmtmmt with nitrous sold*
m e  aialiii group hslng repiaoed by the' hydrosyi group. .
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Omt in the same year allowed that aniline could similiarly 
he converted into phenol. In 1853  Gerland 8 prepared hydroxy- 
benzoic acid from amino benzoic mold and observed the formation 
of a red intermediate product which increased in amount if 
cold dilute solutions were used* the red substance proved 
so unstable, however, that Gerland was unable to secure con­
cordant analyses and dropped further work.

Kolb a * under whom Gerland had been working, suggested 
to Oriese the further investigation of this action of nitrous 
acid on amines at.lew temperatures, Griess soon prepared 
many of the compounds. Analyses of the compounds showed the 
presence of two atoms of nitrogen which Griess considered . 
had replaced two atoms of nuclear hydrogen. He therefore 
gave the name "Diaao* to the new class#

The new compounds were only stable at low temperatures, 
and were found highly reactive, not only in easily splitting 
off nitrogen, but also in reacting with various substances 
such as phehols, often giving rise to brilliantly colored 
compounds which dyed anbfcal fabrics directly. The azo dyes 
were thus introduced.

Continuing bis researches, Griess a soon found many 
other .reactions possible, from the easily prepared nitrate 
salt of diazo benzene, the crystalline sulfates, platinic 
chlorides, aurichlorides and others were made#

By treating diazobenzene bromide ..in ethereal .solu­
tion with bromine, the perbromide C^BaSr* was obtained.
This on addition of ammonia gave & substance containing
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d#

three mtwm of nitrogen, (dlasefettismialde) * %
treatment ®ith alkalies, various aotrllio diazo oos^ounde 
would Be prepared and oonv.trtad into silver, »@re»ry and 
other salts*

Preparation of Mas® Compounds*
Altho many methods of preparing. diaso oompounde have 

Boon suggested, only two of these ere uaed to m y  extent*
By f#r the moat..useful of the two is the addition Of eodfttna 
nitrite to a solution of the amine »»t.t awtainliig axeeee 
aeid to liberate the nitrous -soM in preeeno* of the ©niline 
salt. In the- preparation of. dry dins®. oompounde, ̂ almost &*oe*» 
oarlly from ethereal. solution reagents,. amyl nitrite i® often 
used. In special owe® barium nitrite., nitooeyl Braid* or 
chloride, and nltroeniyiionl* said torn* Been used*'

me to |X| the great instability end exploairenese of the 
dry diaso salts, |S} • the foot tb̂ t-the compound is aettaXXy 
only desired as an intermediate atop in the preparation of 
another compound, and (3) the yield under proper condition® 
Being prpcticnlly cuentltsitiTs, the oompotind® are usually 
propertd in solution end used directly without iool©tion of 
the unstable d*y..iwsXi* Many dry diaso compounde regarded os 
stable my often explode of ter eeteml year® storage* Odd©* 
soda inreatiffetiona eoto the explosion temperatures of was* 
less diazo m p M i *  On® a® low m  6d»d is noteworthy, namely 
the one® of pare nitS. Benson* diesonlum nitrate, those con- ' 
taining nitr© group® are i» geo*** more explosive, while 
the nitrate ®»lts are more erosive m m  the oerrefsponding 
chlorides or wdfatts#
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t o  ptmoQmm sisad ©©naleie torefor# nasally in disto* 
ring t o  tone to bo diatoisad In a i n m  part# of wo t o  
obtaining at into w  eauivfsient ox" t o  said of t o  salt 
dtor#d, tot H U *  used if n###s#ary to of foot eolation* 
t o  solution too obtained is then cooled to 0-5® C., on ■
MMmtt a# loa *>0 0 *0■■ aiiftftotlv1 tfl th* MulHttan. . Iril ftgmt.i gmti on.1 •OWWOPS'PPJPP' “  *PWP • ’W**Bpr̂W*BPIPPl P̂HPP-̂P W“  -V̂ r tPWI WIP'PWp. ■ 'PPPPJWŴP'̂ P ŴWPPP̂JF w ■ ■

liiiltn* m  *» raftetioil*. 1 «»»iO , |a tiWQ. auiiw awwimil
of no id »00»0- A *>01.0 ami **»,<<!» ## amtltmi wl ■feyf, ali^tlv in*Sm* ■ ' wPTPPfl̂ P pŵPrPpppBĵ * W 'W’t . PPPPBPfBP̂ ̂ Pî PPPPP' PP̂P* PP̂Pf PPĵ f̂'BWPPP { ■ PPP* '̂ P' P̂Pp PPPaHP̂FaHpP̂*’Pr̂PMp

aXO#08 Of ito■ -̂Hi|Oy<»♦,<«»!. awiaitwt i« Miiian. with yt»n»nnnBp1 Wl̂ r̂ FwP̂ P PpMP̂bb̂fB̂P̂fP BP -*P» BP®*®PBîP̂F PWrBP̂BPPBp***1 *P> OP f̂ PPlHgPPP> PPBÎ*̂BP

BriM-BHHjw* #B##i,Aijp*iifc wi t-Pl, te ShOSild ti® .mMmA tO eilH B. cood- P P̂f̂P '̂ P *• -BwP' "PPP PP̂PpPPfP̂ P̂̂BPP Pf "ST ■ ^̂PPPP̂fPIÎBPp BPPP ■ pBr̂  ̂P W P̂> OjPaVPP̂ V̂

reaction t o  fra# nitrous tod. with 8 t*ir©h*i©dld# paper after 
t o  solaties has been well stirred for aoreral minute® after

n m  mm® there i» m groat tondenoy 
toward femmttm *r.4laa«»Mto.dtottttfto ©* In ana# ©f 
-•toMfcvtoto # * 9 t o  toftoito* to# t o  dins# ©©apouad
reacts with t o  unchanged tone salt a# follow#* ,

» # 5f ♦ ■ W A ) » i • sooOf%s.MKJoa#^*dlasotlsed salt' ton# diaaotono sonpsi
in to# on®# it is often sftvisato t© t o  an to### ©i 

m U m  nitrite vary rapidly .«#- t o  solution ©oat&ittiag n 
titototo# m e s a  ©f .tod* &ft#» to nitrit# solution is 
pftowsly acidified t o  ton added all stone# t* t o  
ton# in ©tor t© assure very told dIaaotisatlQn . t o  toe 
prevent t o  eld# reaction. t o  tendency toward dies©*ton© " 
feitoion insrta### if ©rpmi© tod# Are used, eleven ©to* 
««&to# ©f M t o #  tod being ##toto t© b m w m  dl»
ftsotisation. s
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In those oases where both the aniline s&Xt and the (Has© 
compound formed are insoluble # special methods must be used 
to secure complete diazotizstion. One method employed 1© to 
use a considerable excess of nitrous acid with very cold solu- 
tlons under pressure. to ..prevent .escape of the nitrous aoid.
But if the amine salt is in a finely divided form, excess 
.nitrous aoid added slowly, and the solution stirred for a 
considerable length of time, complete reaction is usually 
secured, in spite of the theoretical danger of coating over 
the unchanged amine salt with insoluble diazo compound and thus 
rendering complete conversion impossible.

Much diffuculty is often experienced in the diazotisation 
of substituted amines containing a nuatoer of acidic groups, 
a large excess of acid being needed,the use of nitrosyl 
chloride or aulphonic aoid even may be required.

Secondary reactions may often occur when aubstanoes con** 
talning more than one amino group are treated with nitrous 
acid* with the production of azimino, azo and nltroso com?* 
pounds. Uhder proper conditions however, two end even three 
amino groups can be diazotize& in the same compounds, pro* 
tided eterio influences do not interfere. Usually a large 
excess of nitrous acid and very dilute, solutions are 
required.

The velocity of diazotisation is very great under or­
dinary conditions. Hantzsch and Schumann 8 by working with 
S^aooo solutions, using colorimetric methods of estimating
the nitrous acid, found that in presence of excess acid the
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rata of dlMotiaation of aallliMl* para toluidino* para fifii 
end par* nltso aniline® and »«vmm1  other® are toe mmm under 
tteUtor & m m u m m 9 tho retoe increasiag witii a 
rice. the rof'Ction we® found to b® of to® tteond order* and

*
■ K * '

tin * a ■) ■
were 0.036 for aniline, 0.038 for pern toluidine and 0.043 
toy par© bron aniline to »/i©®@ solutions to presence of on® 
itfiiai»iia fra® aoid at 0 ®0 . Schumann. bv of
to® fail of alootrloal oonduotirity dl®.®©tise.ti®*i*
mmnfimmtA to® work of M@rity.t«rth in oon®Xudlii& that all aro«
<m>feii» C!?8<n»«a p M  i%f i»«j4 e<fc a»vniMii-g<mB».tt1 if »ho nnma JPata. «*

flnmfctf,®*f ®t WI of* piftao OcaSOOlindS.
Much oontoovorsy as to the constitution of diaa® cos- 

pound® hoi. filled to® litcreturc. "ndleos confuaion wao pro- 
Otot until * partial dLtofiag up of to® diffuowlty was Prof 
Obout by too soparation of to® true diasso salt® froa to®, 
dloaoiiiuai e©*ap©uato* Imt too constitution of toe latter does 
tot m m  yet appear to to ootmed oatoafaotority*

Grieas § er rly assigned toe formula to
iltotoito % m m m  nitrate*. to® too atoms of nitrogen being
Mfftrdei »»■ having aubotitutad too atoms of hydrogen in to®
*l»g. thatKekul® in 1866 pointed outAtto behavior of to# di&son-
ton salts was not in accordance with toi®. «MNte«- @ino® in
to® r«plaoon«nt of to® .group a M h t t M  protoot m a
Obtained. 8 ® advanced the formic .'OAMMft® for to® ana®
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§•1 1 * 3Ms t$p* tomArn hold tt» field;for © w  years*
when the discovery of His isaaorio nstslUo diaa© salt® lad 
4fi its rat>l&ooraant hir Blomatr&nd* a fnmrati * g*m ®u* true di* 
ftyapfmia gaits, fti# yftlrtily fSlHSlS' gftV® th® StrUQturSSJ

tree diasofcsnssiie Gfi%B»HOH 
BiaaobtnaMie sulfate GaJfeBWasOg .
Maaobensens nlatiniehloride C C«HitB*®*Gt5 *PtClaŵiŴIW0SfWpWP4(INpae!W4pe*W4pr ll̂ fttftaHlMFwê WlFWt *WH*48r ft^Tf ■

1>| fjgftpp| yy1|yyftŷM|[>'
• ■’VUl ilk - -- - ~ ^  ... _„^,.a J | _  M  * *  « H ^ t t 9M >  _B&&8© |)0]ni7wLa® @§^XPPl#f 

flw diazo W ’M W  SlttHi Wfttt ftBHHWM^ -feft TjlftV 4h* OftSt Of ft
to mssoiiIii*

Blojaaetr&nd in 3,869« »»d tatey tndejMî f P tly1 Streoher §."
mat Brlenneyer A0 assigned m m  formula 0$%3Mf to the 'salt*BOg
showing the analogy to the Quarterimry  ̂ agsaoniiia 
-Salt®* Sim® His foraule m m  at first ignored, It follows 
ftiiftî y fwpffi the .ftpjifif salt without valence changes*

o.a.fcso, ♦ a d U  - cen,|-o-Bo, ♦ an«oUg S
yhf Kokula fomila requires a ohanfjpi' in the

formation rsoction tow igHltth tfoftffi ' aaftroa no' IliStifi<Slti.ait*~ aHr W W* iIp*i»w Ww.WW PP pprwi ■twwp'w*** pip r ŵ r a* SBWPP pP̂ W*■» HP' pw WWi ■*

0»B,|.B0 , ♦ RgIbO - OjHels-HO,

Bloastrand further pointed out that His great isstaMl* 
Ity of His salts was probably due to the unusual replacement 
'if'three atoms of hydrogen by «**« of nitrogen* sod that tho 
groat diffsrsoos 1® behavior of the trivalent, non* salt 
fewing nitrogen stem of tha aso ©Grounds oould he thus » 
•atplained.
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Hi® chief reason for the hesitation in acceptance of 
the Blomstrand formula in place of the Kekule was due to 
.the fact that it apparently could notexplain the 'formation 
Of phenylhydr&zina by single reduction of a diazo salt, a 
reaction discovered by S.Fischer in 1675.**

G8%§*01 ♦ 48 » , G8I%IJ*>Gi
8  K 8 k3 ,

The formula given for phanylhydrazine having been proven 
correct, the Blomstrand formula by theabove equation apparent* 
ly requires* the assumption that the pentavalent nitrogen 
changes to trivalent and the trivalent to pentavalent.
This has been explained by Blomstrand 13 as follows:

GftHftl-Ol + 4H « Ce%K« 8 Ha * Ge%H*lGl
•.-,8 H H H§ ■
' . V  *mi

Bamberger, 13 aided by the work of Von Peohman end 0. 
fisoher, drew the conclusion 'that diazotization involves1' 
several steps.

(1) The first product formed is a nitroscmines
GeHsWHa + H803 « C6HsHH80

(2) The ordinary diazo compound possessing the $Mkule 
structure arises by rearrangement of this:

Ge%BHNO * GkHkK^OH
Bamberger finds confirmation of this in that two sets of metallic
salts exist, of which one, the *iso salts", does not couple
with phenols and is tranofered into the normal diazo salts
by mineral acid. C*%BKH0  * CeH58-H0K

Iso-diazo diazo.
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m  2.894 Ssntasofci© intvo&issd ttio tbsoxy tefel tt* iso* 

awi'e 44&»© om®wm&% mm® rnm&m©»® to t&* inoxaaric oasiBioe# 
with tho formulasi

Q M 9  ■ %%»'
.. ■ „.r • !'iX»* '■ B*x ' ..

ayn-dUso toUHUas*.
*fkm evt*Ainmmr esiislosifi ««& MffiWLaf rO&StlYO dULaSO OtaEDOUfldS - 
ooipo fioot g?HHl tfw "syii* fom# ohiX© tbs *4 so* 4 4##o ̂ d^ounds 
pf Bamberger wore glvm Urn *©ati* foxm,

A long ^CTtyoysrsy ttifyi .smnm is wfwtftfo many Ooispounds 
wars prepp rod nod ss^r t&®©j?i®o off©rod* f®ooOsoxi« Wta thar, 
.Ssnhlt Xttbl* aad Tinicler, m m t m m ,  Hobsrtaon, os. mil m  ""

B lO W tS P f& fld . W fiB  g f t f lh » « w .  ifcnd  W tn a tg a r th  «»rfc in » irK ?  i« » .w' SO Pp̂ p Qf PPPW £J ▼ Ppw •‘W TP W"WP*™pWM pp P̂pP ppPPtpWWpWIP p̂̂ Br q̂rWpMBB WPP

smi ocmtroyŝ asr.  ̂ ^muvw woif'isf-ir.f ̂psp'Ssyr “
’Svoo 90$ a oonploto sgmssoiit 'Isa not boon rosoftod* '

feit & oejrtl#*! pmwmiwipyt.itifc Adentad. .«- ©*w . PP̂̂rSWWSp OR©©©BSpf iO- Sp ŜS ASSSwO'W Ŝ wl
' *fii# aoid, salts of diaso atit-teh ©oirospoiiA in

oryosccpic beha.Tior ond olsotriool ®©*Miii©4iir4ty si til tltm
.flflSSSBllilQ ®'' S a l t s  & »**A m\ «m  p pttamdWI t w a  «iwiikh»>.< tim  i n  f t m r t  m m  mAAm.'■■ wpww Â,SS S' S-'Pwwiipi p̂ wArW Ofc Or̂OSaÂP*©r*SS'"ÔOOHP' ■©wOASSOOPSSOSOpOSAO '400*0 *Ŝ OpSAOaOSfeOSHsp SWOSWfS*

14400 iMfct.aaM»aBt cosmounda. lisvo Imo pitta i jwaauft tint fAnula of. \v ^̂App . . ^ w O  pt̂ ppi p  pp w WP® pWWWp̂ p̂OhbOOOÎOWf* iW^P ' PO OPpPppp̂WiOpWs*. ppOP1

®iOBSty®tidl ' 04411 Shat mmum #Ai mmmeiium* In mmrn,- p̂ ̂p tPp̂P?1 Ptwt tp PBMBpBWW4MBa|p"WtPMB PPPW WpPMP* WpSpWa a w i 1
: ;  ; ■ .  ■ § !  .

S iS B J T  tO  p ffip g t t llBW iT

. m o  m m , ®  tum&m m.» 0««a girm m  mm- motolUo ’ .

wits togs^sw with m m  m m  *4isso*. t M  isoaaorio fonaa ots 
ilstinguisiiod %  tn© tsiw syn »i anti, os 4» Ht© &Hi» 
fomalas g4y«n bf Hantssoii.
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gain i» w m  pointed out that ntho there are m  ether . 
emplee of eingXy linked nitrogen beta* .ettae«i&*t than fia»»
]̂ P sttSOilSd tO th® t th® 131001 Striking AbSB®**-
ta ftS tifl ©f tbft lilftatftniiMB angâ jraninrfa g% t|^| r©edit}©80 With WhlOh

■ the whole of the nitrogen is eliminated. Cain further pointed 
eat that in the m m  of doubly Xinkod nitrogen,. the nitrogen 
is sftsilsr eXlmina ted.. ee in the ©eee of .■mimm* 
OoOiflEijiK̂ êliteli aplita off'nitrogen of.!§©»§# %  analo­
gy to this « M  other ©acample®, he assign* a <pia©n©ld ©tm*©- 
ture to th® difiiefiiufi ©abounds, net

©m^mmd® mo para phenyleiie diamine it easily diaaotiaad, the 
tatraao coiapound being formedwith ' difiUgUUr*. She strusturei

fy - a ,

hating aa..a*M»..group ©ttaohod to. a a&fboa atom all the of# 
fin! ties ef ofeioh'.etfg fully satisfied would display no tan* 
eaey to form a stoond diaso group. Seasides® however, under 
aitailiar ©oaditioas, 'readily gives the tetraas© formi

Mtai' upssial ©onditiens, the linkage between, the amino oar- ' 
bon a tea and the triimleat diasoalvm nitrogen atm  ie broken?

She fret is .time explained that only ©a# amino group .in mm?

N
- H - c /
N
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group fee diasotleod* beoauee th® pm m . linkage in preaano©
of th® noidio group is to© stable to b© ruptured. Sine© not 
only a para, feat >teo'OfftlM) llgtttfo* rro also possible, it 
ha© been suggested that ft dyanamio eQuilibrium of pmm qfui*

i©  •

a ®  ORin fonnula does net «©©». to hat© reoeivsd the 
attention it deaorvao, but fuel© and opinion© eitod ©how that 
m m  work rauot fee don© on the whole subject before th® ©true* 
m m  of the dlnsonitn ooaapounde i© fully settled*

'm m U w m  of th© Slai© Oo^ounds*

Sine© th© reaction© of the dies© compound© awe so 
mmerouo. only ©*>©©§ tale© pl&o® with th* o M m i?*©tteii
o f the t urn nitroaan will he ■wwtagwp© axaant «»«*>» other©
ft© wov tOk© m«#%» ■mimmmmi ♦.pmM <ty with thft ftpwWwMMWP pflftfltifflft..'iix w  W*P W  ©p * w,B”  . gr̂ Pww w* w wifP*wwPie ^"P* ppefcjf ppae * •• pww  pwp®p®w>ip*pw**' w® wwpwê w ©ww-wctwpw

Hi© iaportnot reaction that led Qriee© to th© dieooweiy 
#f the «tt<u>ft aCaaOOtlllda **«»«» AlPftdtr ***»»% »«»«♦< ****£*<4 mimmOw thftŴ1 * wp̂FPB̂gB̂jw®̂ ©̂©̂®.©© p̂©©*̂®* ©©p̂©w* fp wpwa©*© ©©©©pee e©̂©̂eŝ ^̂ ©̂i©w©r© ©'©̂^̂s*̂®iP©©|pF ©̂eê p̂

mpXmomm% of the nsx group fey a hydroxyl group* ©neily 
taifiniT olao© on hteMn«' the dinsonium ailt with water, dilute
aulfuric or other fdeewal ©old#

dl*«JB0© ♦ % 0  » ArOH f 9© © Hs304 ,
fn th© ordinary procedure. the «»i«« i© di&tso timed in ore*
©one© of an eira#e© of aoid *ytd ffiww tit©ted to boiling
either directly or few introduction of ©team, until■ ni troaen 
etelutiw he© ooao©i« In ion ©aeeo th© diaeoniina ©olution ie 
addad ©lowly to a boiling aoid solution. Coupling of th® un* 
ehented die«onto een^w^ often oeoure with th© phencO. ae
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fowned, producing MG dyed rather than the pmm phenol.
Other rmmUtma involring «® oxidation n®y ele© W».. place.

the action of alcohols on aromatic dieno eerapounde wrne . 
studied Gy dries*• who found two reaction® possible. Id
the o«se of %tin higher plcohols, aryl hydrocarbons are pro-

reduceddneed* the alcohol beliSE eiiaai teaiftmi# 1 y INi th# aldehyde.
^ F aci ♦ 03fI7OH « ArH * 8*1%S» * HC1 # %

By variatloao In the eaafEOifrtft*#!. ayHl ■ cep### *iiy iwdnip the 
. influence of oertain nuclear subsUtienta and wee of lower 
.. misehols* other formation may take niece •

ArKs01 -f Ca%OH * ArOCsHa ♦ Ba 4 HCl 
Reducing agents such me elanmmne chleridepreduee the hr»
. greeesbon in presence «f ouprio sulfate* ...

The Obsemitien was also made that m  heating a dinzo- 
M & m  emit with concentrated hydrochloric ecid a chloro derlr* 
i tire is obtained Rlong with the phenol* Out only in a small 
amount. The yield of theGresiia® ©oc^ound ie eomewhat hotter 
with hydrobroale .meld* Gat M y  in the• eaee/of •.'•the led© deriy* 
..ititts* ie the yield m% all good* In this emee Gy .adding - a 
Mtftle* el a little m m  that the theorelieally required 
M l  Of sodium or potassium icnlide to .the diaaoniws sulfate 
solution esntaialxig free Mid* a good yield of the iodo de- 
rintive is obtained.

. dries* found. the. ehlorlne.and bromine veplfteemoti** 
iGe m m  sueceeefci if the dry pletinio halogen eespsMnd'p#
th» n<3r.nf inn ga*lt is HftwCfta' m i ̂ frt ■ ± m t ipftyfc** ft# aaAjma hydro*-
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A HBlOh *»»***» M n ’wmnimn± mmft mmwm widslST tnnllGttblO 
procedure for Hie repXeeeisenI of Hie difusonitiagroup wo® , 
diacoirered by TrPiifiot ifejridmeyer in 1884.i7

Is endeavoring to prepare pbenyleoetyXcn®, Sandsey®* 
treated cuproi*® ftcetyiid®, (auacaK ritfc ̂ «az«M U m m & m  
oliloridot l9û  obtained nftilin f̂ nsnfiinic rather then Hi® fm̂ pfflind 
erpecfced*

<Qiyi moult vs® ooollly ppomm to Be due To Hi® preootteo 
sf euorcuo florid® femed with th® aoid present rather Than 
to the aoetylida itself, since Hi® yield of chloride was 
nwiftft os repeating. the ̂ process with m*p,yiTŵ ff ohtortOOft
8® W » 1 side reactions took pioee also* eeiiOiderg&le Sanai- 
4yte sulfate, pfofffwA •owl tarry natter forned# Bp **§*!** 
lag a, cold diaaoniuja ©elutien to a boiling 1 0# cuprous chlor­
ide solution in hydrochloric acid. Ssndsieyer found the side
reactions »w<t ter ffiiMiifie tfi be »wn»4ii» Yadiia&d.. thmmAw •■ wpk . www »**® t ®r®*ip'»®iiip . rwr spy® nooiioop ®f vteswnOpejrHfri® v̂s|W"OjpVpftP tp®r

j— wtj. mAvniibA mm. m# tka tfftfefliicn <«—« mt* ettfilSSltMl tttr ,.îft—*s®r vpftnvr .ww ®r . w sp ̂nvnBnpjy spmwsi - n̂ jf ■. wonnoftnewBtpf '0p®̂ ®

Boarond fttftpg tfcnt.it was 9 f«Bfl̂ r..« entiilytie on® In viiefc 
th® euprotft®. «*&t acted eiailiariy to dimlniott chloride, re* 
aodiu® chloride etc., in otiior organic raaotione. The action ' 
was ttoet to Be specific to auproua ealta, since sc yield 
,®wiId Be obtained By u«® of either cuprio or ferric chloride.

to addition to the cuprous chloride, th® formation of ® 
moro or lee® colored intermediate pro<teot we® ntliotif vhioh
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almost immediately liberated nitrogen with formation of the 
final product* The intermediate compound contained copper but 
wee too unstable for analysis, the following: reaction was sug­
gested as a possibility:

Gattenaannie in 1890 found that the addition of very finely 
divided copper to the diazonium solution in hydrochloric aoid 
gave good replacements of the group by chlorine at low temperatures 

Sandmeyeri® at first insisted that this was essentially the 
same reaction as his own* since the finely divided copper was 
undoubtedly coated with a film of cuprous oxide* which would 
act in the acid solution in a way smiliar to his cuprous salt*
The action has been proven beyond reasonable doubt to be not 
the same, however* since Hsller^ found that in the preparation 
of isocyanates the transposition will take place using copper 
powder in strong sulfuric acid solution,under conditions in 
which cuprous salts could not exist. It was found also by Heller 
that if certain syn-diazoccmpounds are treated with cuprous 
Chloride in an inert, acid free solvent* such as methyl sulfid, 
no reaction will take place, while the addition of copper pow­
der will cause brisk evolution of nitrogen and the formation of 
the halogen compound* The copper powder works then as a pure 
catalyst in a manner certainly different from that of cuprous 
salts, with which a more or less stable intermediate product is 
formed.
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mmimmjFWW§ mqgwmmw w* HI wmWrnmmm,. imwmm w®*m®3F»t wftfftHiiniA
H m  ftftHMfti 1ft Htft ftftftjpfiftftllftii- ®ft ftftftft ftftfti Vi %% ftftftt 'Hi® ftftjtlW® 

ftftH 0 Iftft i& ft ftlHf ftftftftft j Iftft ftAClftft ̂ ftftlftft ft®ftftl 1ft 
Q̂̂St £̂£|9Ŝ6M)Ŝjĵ t̂NSMSSN̂!̂

wlfHrt * f ftddina tlia i&si *»tit #f (itiwn*4* *mk ̂ unit* oftftfftft&liXsp n iHnili% ■ 
ftft thft ipfosijpf to tm tfîffoflino1̂ !̂ ft® mt lo# tfflltf j tftffn̂ iy ftolft

3P4Y0, HSiBQftftft Iftft ftlhifH.Bl.ft iMH ftVftftftttft ̂ ffft Hlft ftft 1ftftlft®' ftlft®®®®!®® 
ly  fff t f f f i  '#nf4T̂y the ff^  ^yymyfi f̂ tti^ i^  Qfftgn
^yayais^ ly ĵ ^1!!^ g| ftfl&ft I& gyyay^y ftf1 ym^|j§ Pfffif̂ff

^»f y y> yfffy ®£ft® 8  ft̂f1 iffflf4 «*»ym<̂ if8 ®ftlft igox$%pf& 1 ft SB&Vftljf 
ftiftdoXvod in tfea said »« naMMt Ofton » Âi *tr» n# #iw

ftmift 1ft *fftX*iftiX« 1ft *t^p ftftpftHfelaNI ft®r ftftftUB <***»,fê ^̂ «i%*«̂f*l
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 ̂WOttlttlO Of JIM-timAt am#iPt»t **# •>, h*4 BfVfr ttttl Oil ftt mMWHmVO Of' ##*—..̂P̂OO-̂̂OŴd̂n WfÔ ■ WO tp WP®®* ̂0̂00 4̂ 0̂0010010̂01000 OOOf |POOO|P
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tm wmmxy* irdiasnn girts ths three following reactions m  
possil3iUti« 8 in tha decomposition of the dissonluia halides, 
using bensens dimsonXuai eblortde as an exaisple.

I. C3H5SaCl ♦ H30 * Gq^OH + b3 + hgx
IX. « Se%Cl ♦ X|
xxx. 206%ox ♦ 4 box * ♦ «8 ♦ c m *
Besotion one la caused Ov sjMw*»i«<Mt<siiiia a # ».ir>«W. m-ww If'PW IP’ WwSPWf̂ p̂ w PBrairiF WFW«*IP1l»*r ‘̂ ■̂R IPWPRR W*Pf(eewSIS*|raMWerReWPR

m & t before the cuprous addition produotoaa form, th is occurs 
not w l? ^um the afaina i§ dlasotiaed in ososnmekni of the 
4Mp*oiia ©nit* tout $$>m if the m$M%$mm m m  tee m m m % m * m & *

or If the diasonlm solution after : 
preparation is added too slowly, or at the other extreme, 
all «t one® to tbs cuprous ©elution, mi® 1# partloulsrly 
true if hot cuprous soliittoa is'btiag uastt.

Behrend ©M»Bissott t 3 obtained 240 grass of ortho creed 
frm one kilogram of ortho toluidin© using the procedure 
recommended Bar StendEseyer of oourliuc th# ^<««««*»»> solutionwW rpw* pr oewst •enmwip *̂*.»«H6Fiwwwu*i9PP*e- •b*#ins*wpi WrweTiwpir

into m boiling m p m m  solution. Only m W $  yield of the 
ohlortoliMB* desired was Obtained*

Mmmtlm XX illustrate® the m m m l  decomposition of 
th© diaso»cuprous compound, end goes promptly and smoothly 
only At temperatures slightly aboy© the characteristic do* 
oosipeattlen temperature peculiar to each compound.

Reaction XXX is i m r m M  by rsrtAhine below this cfcarac- 
teristio temperature, since the reaction then go#© an slowly 
that part of the o©si>osmd Is reduced, M s  reaction wsy in' -
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Idiia ĵ Ufca :iw>wa«atliltm., **nA a1! ao 4Mm fSttS* ***** i t  *****«»'****P̂*̂ ^̂9*9a 9̂̂ 9̂9999 . 9̂̂ 9̂99pf *”99*9 9̂99®9 *r9*W 99 , 99 9®1 jH999̂ 9 99̂ 9®® 9̂ 99 , .
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ly the same melting and boiling points as the odorless 
compounds Obtained by other methods. The color is henoe pro*
bably due to a trace of a nitres© or other compound formed 
by reaction with the excess nitrous, .acid present* In such a 
case the following reactions are possible and likely;

BrC6H4H8Cl 4. MHO* m- BrQ6%®ij .4 Ha ■
BrC6H4B0a 4 SSuCl 4 2HC1 • BrCeH*HO 4 SOtlQl* 4 H*0(green?) . . . .v...

The action of. nascent hydrogen is thusexplalned, since th®
nitroso compound would be reduced to a colorless, soluble
aniline salt.' ..

BrC6H*HO 4 4H * Br C ^ l I ®  4 ■ la0...
The formation of more or less tarry matter is usually 

found accompanying the Sandmeyer reaction, particularly 
when hot cuprous solution® as?® used. So attempt at explains* 
tion has apparently been made as to the formation reaction or 
Composition of this tarry matter, feasibly it may result from 
a further polymerize tion reaction simili&r to that of the 
formation of the diphenyl compounds, many nuclei thus aggrega­
ting, after which more or less decomposition takes place.

Tobias a? pointed out that since the cuprous salt was 
regenerated in the reaction, a small amount should be suffi­
cient to complete the reaction. This was tested by fotoeeb# §* 
who found that....the amount coild be reduced to 3/ti. «f, «T®n 
l/ze mole of cuprous chloride,(as CuaCl8) per mole of amine 
without serious diminution of yield, since with chlorbensene 
the yield only fell from 66% to 62% with a change from one 
mole of cuprous chloride to I/ 3 4  mole, and with msta ohlor*
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toluene from 78Jf to 73Jf with & change from one to l/a*ih 
mole of cuprous chloride.

Various methods have been tried using cupric salts and 
then reducing these in presence of the diazoalum compound, thus 
Votocek 2e added cupric salt and eleotrol^zed the solution with 
.copper electrodes, obtaining a 64^ yield of ohlorbenzol. A. An­
gel i 3q used cupric salts and reduced these by addition of 
hypophoephoric acid.

A. Contardi 30 found that for the replacement with chlor­
ine or bromine* the use of cupric salts without reduction, end 
with as little as 0.05 to 0 . 1 equivalents of cupric salt per 
equivalent of diazonium salt gave as good yields or better than 
the corresponding cuprous salts* Contardi states that the yield 
.depends principally upon the■temperature end the rate.of deoom^ 
position of the double salts, and gives as general conolulons 
the followings

I. Mono-halogenated and nitrated anillnederivilives 
■vglVe almost theoretical yields using' cuprous salts except in
the case of meta nitraniline.

II. The amino group in a mono-halogenated moo or dinltro- 
jKDillne can be replaced by preliminary diasotisation only when 
the new nitro group is so orientated that it in turn can be re­
placed by heating with alcoholic ammonia.

XII. Halogen atoms introduced into the nucleus have usu­
ally but slight influence upon the substitution reactions of the 
amino group, tho in certain cases it is rendered impossible, as 
when halogens are present in positions 2,4,6 to the amino group.
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' If* A nitro' group oannot be intfodnoed Into m: «ai»s  ̂
wt woody ooateinlng three nitre groupo.

10 yield© are giran by Oantardl however, but the fHi# 
iiwitog reaction ia aust/matad for the auoria awtt. reolacetaent. 
Without an ̂ ofcufil analysis t

% %  c*% a  « • * *
I = »  ♦  f» 0 1 *  •  W =  w( ' * V»
i i N ju o i ---------------- -fflL 01 Ouda■PfWP* "aWPW* £g

baaed on that of fi»ii-t«riii for otiarousi
<M%  <*•%  *  0 f t% 0 l

121 ♦ GuCl » i s /  « lsI J \ — —
ca ci cu cud

In vieir of the fast that Btenbseoh himself found lata* that two
atmm of' oppper .were present in tum Intonaodiata cuprous oo»»
D O U Z ld . th @  fO S H U lB  afeattw aari b v  gLrviffcft**^!  * g  »  n w a o p b t t w

OHS*- His affoot of m assing m p m m  salts by tings of' other 
metals w m  triad by /.Korcsmaki 31 by use of the following pro-
osduvsf©PtWPtWwmww ew ™Throe gntas of pens, nfirsntltfie were heated with thro# 
noise of hvdroohlorio aoid «*nd diaaotiased after ooolina in *.h»• WP*WPW*P T|ir W *rw w-wWWW WWMinjp WBW«||jP̂|rWW P"**P WW-WP. ŴW» WF̂a*̂"WWgPi P»w w*W

nw^*| ŵtyiawf1 with nitrite. Usa product ww# poured
Into a solution of the laetsllf o obi or I do ore sole of1

th* wait wpd *maa;igh pOtRSSilto «iilffi^«:y|t'd tO OOBVOft tb'lf- SbA 
the diaaonium salt to the sulfooyisnid* H m  mixtuso was tiasn 
1s t stand for twmty-four boom* the o^»%tOXim prochiot ob» 
tainsd filtered off, treated with aniaal oharooia and reorya» 
tailised fro® aloohol, The purity was thm tested»after weighing, 
ty s salting point detewimticsi. m  praetioally all oases an in-
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■yp̂f ayj-Mtttfo ft̂ frfr| ff%|ff *̂ |apy-f 18y|yyy| fowaiî  1 f ffff fglSMI
.̂ ĝgg|p̂pygî ĝl BK&'BSiB Biilî ©BÎBJSWGI
sad fffPf1 93BA ^MNI %mmf ytĤMIIfr dttft %£ S#S0H^MlS6 *>o*mw«*«»
*MfM«l.41<»ai gmA mAOm  »*utu»*A*Mum~<flmfc wtpl.A«i #tttfl** i*w»r»w t,h« nmvm* JhP*PpWPP PPŵ̂ sW®* aPBp(p • PPWPŜŜ wWP̂b̂PP'P' ^̂PPWfflip ŷ. ̂ PP pJPSC ŵ̂ŵ̂ PSPPwPBP̂WP P̂P'̂W' JHrppp̂ f̂ !p(P*

a t t m U M  « m  aa follow*;
* 8 «W  
to.<*

i m b  eo.os
8 0bil$ 83»CSE
I U M  : » . «
^M bu||uu|| jeMB?' A Cttferfa&t̂ feSiĥ i »ŵ̂ir * ̂WjpeF t|f p̂p̂* tl* ap̂Pekep̂p̂jpsiHS *dldtP8 tPd*sPî̂pp|P;
SiBC ' „3i " .

M»t. hM mmiw Q■*P̂P8WWIf lppW^i8|BPP pF

t o ..... 0  " ^' SBtî ipSllB'' '
*».«e

,m̂L:tammm.̂ M &£ »to&ifi m*Uk <t*w»t«*« nifoftft mAmm*. 4tM m '’* . 1  ̂ isr̂ r̂ at̂ NvWv pr̂pjp SPWaPBtfpSP*

Ijaaiaw* |Sii*8lFs3i) #i«sast!l.l.«» *s« aMtwft-. Qh MaA&ftfh* wriMtl*™ 1 '̂*l * t̂k, p "wpw y -ŵ pwwp5*pp̂ |Jp W9w ê pPweiF “ "®P# “  IfWiNIBfc. < p̂ MM̂ ppp ŵ ppp ŴPFppait

ftoi Milt# to mUTt KtwalQ mX&x%, MUUtp t« Hi^a Wl-
Ôftnfej MfeliA WtMMai.ttMHi wiGM . i*il«MW> : #;P»A IMUlf |-rf>f • fftPMM* ■ ■HtmmtMAMrn. . *̂PPP wWf Pr P̂ P̂pP . '. - pBPPWP - PVnRHRp̂HUMRrpP ■ flHWp ■Ŵ̂PPBP JpPPPPBfliPF'

t o  yle2.<ie ilfM^ tof« «•• to %• ftOÔ tfld wily an 
togfe e»»«teiti^i® M u ,  mtmm t o  w m U U m  m m  wre 
«o itoH t o ;t o  aitoi €t purification vd*y crude* It is
curious t o t  mmrnmx mm, m% & m  t o  mmrnm m m tm

w m %  t o  m r n m m  m u m  mim m m m m  m m *
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SlftBtt* D£ llfid&li&fiKI H£ Jim.
,. .jftf# «ûfiîtyii«pBtt ,|iSb*SS@® end theory of reaction of ttow

Sstnteeyer imm been studied toy ©any workers, tout with eon*
tmdiotory widely divergent results. ^

Considerable liaportanos sitbrrsason has been attached to
■felha SO-0B11.S& *1h»j>wmiuU *t#* ntsmnntimAat m%,mm.w*<k. bIiwkw foisted
instantly upon addition of the djaffontw salt to th® cuprous 
solution. 13m ooapmiisds so formed vs*y in 0 0X02* not' only with 
the amine, tout also with the noli and cuprous Mil used* The 
ooXor varies from almost shite or creatt, thru yellow, crimson* 
ohOQ&lRtfi. to almost black* Th& cornnounda ■** trow unstable 
and hence very hard to separate and purify. Sandmeyer original* 
ly assumed the formula to tot m%®»QuaX3. '; '

Ilantaaoh 3a made several analyse® of the rod bromdiaso* 
benssena cuprous toroialde o^ound and arrlvod at the form&Xa 
ty%*«B9Hta^tar®* Bmtzmh regarded it as a syn-diaao complex 

0Q%*»salt . k .Ct»j|Br8.Sy»* ' •
A similiar formula m m  found for the double salt of para toron* 
iiaaotoonatno bromide* the ohXorido salt in tooth oast® toting 
too unstable for analysis. Hantasoh and Blagden $» later 
gave tfis following os their ŵ*vlwefi ffifMh

' X* The Sandmeyer 1® in' no sense a simple o&talytic to* 
action, tout aimys involves a double salt formation. this 
double salt, tooth from direct anaXysos and also from analyses 
of the nor® stable mercury salts, is most protoatoly a «yn*diaae 
impound of the formula just given.
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p̂ pipi tot® ®sX%* Onlnjf ®t iwiftl,Ii

Ml nii?t»?&n life <fV|yif||WMll * -' XXlO ®A®®®Mfefl ■fflQ̂hMHBHB t® Ml® ffftttiltolftttf

w y t  + c m  » tw * oux ♦ ■»
99999 9b9999̂99M@99' 9IMifliiti HW9̂9 91̂9 9̂1999 999 999N9
jp?®®1* tofffto M M fr  €̂ f jiCTliiflift flti smto^X ffill  iff flUt

PR̂ p̂ tk '' ît •jfr iM.JMAJtolfefeL Ji A,HiilL Ŝkîfc dPMHWHIkAfesHHiJi'A BkSbfe Mpgkû^̂ ûjpĝ K̂ah

il89iiJ999999 999899999̂9̂ 8M9 99898 9809̂9898998 ®0lii!ii9l98 988898 989i9i98 88990̂999088018 9̂9̂  ̂
gmiMa® fin wiffi#lfel.fiTi t® ®feitêijttft i.j* <Km®aKiis®tad. ̂  * < * * 1 * »* ****%̂, 
tt̂ yUBB to *ii.4ilii ®MI AjMWMfci. Jli.otiMiiitit«e> jMaateMMiiiiwiA All rflfl®'|; lipiMpte
Xy. tot »̂ft<Uaat- Mit m  &$m$Mm I m M  fito p*m ,
:'m&AIBB jfeHA®®MUB '®k ÛjAPBtetePfcJBfeĵ t 919®® Mkŷidft'i.-̂̂ B̂Pi ' .pHp̂p* * v**' ' p ^ A ^ H p p ^ p B B f e i w ^ ' P P  PPmppfep

«r 9̂ 9N̂ P̂999 9̂9lî 9̂k9l 9K9̂L̂9̂  lPs§*9illk 9b99l9XM̂SL
MMkmrnm€mm mmtmmemm/km. %mmtmmmm.: *»»** jnmwiA«o. m̂k% wuv P̂ »AI 4»
tews # ®ii®i%i. -toliAjrtto mi A m i  Iber to® f®e% toto ®.H*1" ^̂̂pp*l(|PP?!W!W wwpiPBipp W tPPIF wt-i® WSPPP .HffenfemppmMP :™n|pr . 4RMHft|P î-lMBPpF PRMMmppP plw
AgiiMgk̂ L̂ Î P̂ ’ liidl'̂jfeyMttiîttM % '̂tofe% •to®®A.dk̂Jk ®aA 4kto-fPMMMMMp ^MW W'MBPIMppI™ •• ''WB pMrp̂ĝWW- wtoPto*PPlw ■■iltoinMl' ̂ PWiWwHi wHtoPpWIMk' W®b' pHw|-
to i MWBiM#1 t̂»l..AMA wfaam. m&mmA la llfe A  a*m* iHMiMiÂ.. ,p™«p ■ . »,,JJ* wmiujJiniii iniWP w mm'n-.i 11 ibhp ŴAfPIp WlŴPWi ̂ p̂pfepp®pipit- WN̂AMHRkP91VPVRp PBPipFPP1 'MftP̂lMViP
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Walter* using dlaaoniuia toenaene ©hloride iB m  awpla,' 
believe© that the dlesonlum salt Is first rsduosf toy the ouproua 
suit to ft ptoenylhydmain®, oupri® ahloridtt totting formed simul­
taneously. the phenylhydrssine ̂ 1® then oxidized toy the ouprie 
salt thus formed to ohiorbenaene, regenerating the ouprou© salt* 
The tm% is thus explained thst no cuprous suit is needed in 
the preparation of iodo derivitive®, sin©# th« hydrlodi© sold 
present in this ©a## sots m  the reduaing agent. But in view 
of the fast that no phttnyitoydrazXn© ©«» be detooted during the 
• reaction, the explain®ilon does not sow very feasible, espec­
ially since good yield® apparently am too obtained toy use of 
oupric eelto alone, with no reducing agent present, as shown 
toy the m m  of Gontsrdl. ■

a. Holler 9@ mede an extensive quenti tative investigation 
of the SandBoyor roootiott' sad1 oono to the following oonolueiono: 

®»t it is- olear from the work of Mrdtmm and Hentseoh 
that the diaaooiu® oompounds ere stole to yield two different 
series of metallic double salts. One series, containing the 
mercury double salt is oolorleoa, a table and with the proper* "" 
ties more like the potassium dies© compounds than than those of 
normal dtmaonim oolapounds, tout m y  toe decomposed in aqueous  ̂
solution# under certain conditions to give « phenol, or in pro* 
s m s  of copper powder, to give halogen or other substitution 
products* fhl« seriee essnot take part in the. Sand*
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mayor reaction. The w&omiA series of salt#* the so called un* 
stable "between products'of the normal Saadmayer, are, fit® the 
point of view of ImtssoU* syndieso derlviUves, colored end 
deoaqposable directly with formation of substituted benaenas. 
frdmann and Wm%moh found, m s  series to oontain too atom of 
copper, with tbs formula HI*X^i8f8* The smount of tills product 
asperating baa boon found to increase with higher acid oonoen* 
tretlons*

ft is suggested then by Heller that the double copper salt 
may also form 'in two ways, on ; in m o b  tbs ouproua salt acts m  
a complex acid* (as HOuCla), and the other as the normal. salt* 
The two series are readily distinguished by their solubility* the 
highly Insoluble series giving but poor yields. This series may 
be regarded as analogous to the mercury diaso salts, m e .other 
series is more readily soluble, but m y  be Isolated by use of 

concentrated acid solutions* in which it Is Isss soluble* mess 
soluble double salts are formed in the ordinary smooth running 
reaction# and therefore are desired* further investigation cm 
this subject is  needed* but according to Heller, it is atleast 
clear that for the best yields, ouoh concentrations should be 
taken that there will be but little separation of the insoluble 
complex upon mixing the diaaonit® and cuprous solutions and that 
pie evolution should not start for a moment and than .gradually 
become more brisk* If this condition is  secured, the "dseemposi* 
tion temperatures1’ of Irdmann are of little importance, since for 

example# a m %  yield of ortho ehlertolusne was obtained at g0°
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whil© t v d m m  ©btainod at M i  decomposition temperature 
of 5°C« In @mm a m w  where Urn acid concentration is high, 
©ousiderabia intsmtsdiate product tm$ separate, tout of the 
"•dltffal# ft« end b m m  decomposes rapidly to th© product 
desired. Holier gi?®s some mpftmtlvt yields as follow®}

Sandaeyer Oattersann TfjLlntmnrt ^©3 3 ©?
GMerbenjseae TQjt 6®jl ■ 74^ Quantitative
Fare oidor*toluene 76JC SIS quantitative
Ortho oMor*
toluene m  ■ 66$ 10$ 97f-

 ̂The tffsot of variation© In concentration are tshown in the
following table §prm by Heller3Si
Otiprou© Solution ©*T©3uldin©- field feeper*HGl solution fttnrs ofKola Mole Totsl M l ?©!• $6* $ 35 . additionau^gi1 j m Vclum» 0t&-*0L* tol. of* aolru

1/4 3*3 l l w w w 4 . 3*3 433 32*6 m 79
1/4 3*3 ? 1 0 2 0 ... 4 ■ 3*0 '600 8.9 m 83 ■ 6

3/4 2*4 730 7 3.0 700 7*6 97 . 90 . 8

3/4 3*2 ■ 710 7 3*0 700 7.6 m 87 20
3/4 3.4 71® 7 3.0 800 8.7 93 83 3
3/4 3.4 730'.' : 7 ' 3.0- 900 .. 9*9' 90 ■82. 3
a/w 1 . 8 §33 7 . 3.0 700 7.6 90.. "84 3
3/8 3*2 , 339 _ 7 3*0 70® 7*6 8 6 79 3

3/2 sol© of ortho toluidin® and 37 grams of sodium nitrate in
8© ©*©. of tfoter ©or© used in ©eon case.
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4|MWdP 4i|JI4 ,t!4e4i44ttt3fc. 44̂ 4̂ ft ûuuw k̂w|taw#î M4 wtlk44k̂ MM4 IftkAAM©!
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dOb* jMwtMwwjit a# <fefrt«i fa«n|j[rm Jttift mvtAmm- »PmWw - -ftPT|IWWftp Fft *ft ftftpft ft* ftPftF̂ F PF̂ ftft̂ FF ™ ■ftpgp((p

VlMNrittfl *1114 ''9KVMHI §§ poilll* 6ttS' SteS *?-1t̂Ml> 8wS#Slte/||^
|mmA #tA Of H *■**»■*>«**> ln»*wl  ̂-tummA mm «û L| <§*} 1*t|ftftftRftftpilWW ftPFftftF Am wFwpP*WBPWî W ftftftP- ftF ftFftftftft Ir^WPî PWW

Itk ft Iftttft artioio 3» tuor ipmm* %m« m m
mlkm tm ftt̂ l ts» *mat*t»e*t»1h4 tm «*c* fm <̂*«i *#■*— * H# «*»a*Ih« ftft»'- *>u> 
nmmAmMMmm. mmAmm m mimmtmt mmmmmm #*&&**** Am  tmlawwlii. ftua Sb8 *-

* %  ' % %  *  * % •
I ®k > /  > 1
*?* ♦ .' « » i 9  * < J L z J L m ~  «**
1 Ota ■ 1
<a <a ob oa • co.

mMmm M&H#t<m4A& »% a *namK*kmm,4to***». Q# miff® &  'MMi **&&*& wltlMHit*
ffil̂fyyf <̂ 0 g| QftiSitiTtt̂od. 6ftXtit>l>ĉl 0Jf 0uyiPf?v\ffy in «I8̂

fiytft iuMA m.% mMt§ ft* A ftdd TOllM^Ua wmmm&*t£.*m§m 
#*%&&&& |«stffl6iM,3y» ££lfta*a5 semldly awfcirtMMi «*tli viump
ftĈ d SMteBf* (fftOfl ft«M>Pi» ■»* OiwatJif jmp#I wMt,A|ma \ ‘jifcafc PMiMPîJtoMh.

-MMŷfit JIM 4i? ■«̂| Aik- m% Jftftft1̂ il,% 'Mp' IggtejĥW* ®^6|'- miBMfcW(p̂ p Www pWftftP'̂P 'm&wf spWr̂pSP'ĤRW lWP® 'ŴWP̂PftWlWŴ tF™ ftVWFP * -̂ftNiwWP

î Ĥft̂ k̂ fi'î ttf̂ ft̂ ft̂ ft itiMUft̂ ft̂ ft. Ml. tfe Ai: jMtMlft aftifa*jft.̂ » At' -■ R9T wfFMQJMBA' BBP «|F̂w wft *̂̂ tF tF̂^̂PWJBF ̂ F̂FBFp tPP̂PF F̂"̂f

iMMfti i*M**WMBtia.iifc, dtomm *o -ftftH #w a# jmmm #HP« nmX*.̂

dlWKJaiUKa
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34:*

formula is  thus in wi.tn that of Kantsaoh. U«X*

won and ftsagr 40 in  aa an©lysis of the double s a lt Of Si*p

afctfMR̂ wsaa aadP1 sseaaiawa.̂ â s w ftS i ewaŝ li -j&npketl as w i ^aP^BP|jpysf^e®^^ns^LB9orî P̂Bk*̂pf ̂4

Waontlg op# init̂ ««i» state however that I t  is  IsgNSS*
•ib is  to stats absolutely ttast the pro&uot formed in  the
tvmAAmtkVnr SjmdĤ va’jE1 l l  thfl «»«*.» «m H ri* Aftftta♦.it̂ g* th» lfif' ssS'SnHMMMKMawr Â ee(ssseâ w<PiS ashpp1 S'Ap op*appp esap̂ ®**ip awest ŝ *eŝ  aw asawar̂ epaw ̂ paŵ w '*j™ wr aw^r “ w**

tezaosr&turea used, nor is  i t  »**aM»tM.» to deteiwine the wots* 

jpiifco rotght  from frsesing point or eoodiioii'fi ty  iiotbodf1 
due to tbs Iftifffii asaount o f p-std necessarily prossot in  the 
wwQis e rr swasti'On* am«*hm*a*tg» 4a ♦« h# aha m m . ®nd that i t

ilS!M̂ ̂ y8N̂|®9̂®iBSNB 
iiiStt p * * ^  yyf t r offsyi s*1̂  tbltSf4-iSSi 18m

m o tio n  w ill bo S t tbs f ir s t  order, ponded it .  f i is 'io  
OiHanletion without «*<*» reactions that  Bimafla eunrous 

s a lt is  present or*gf ŷ BS-t y so contort a ll tiss <** aftft,w**M>t
<ypamp̂ m<4 f-yy%ffr thS l a'HÂ o |  ytÂywMnS i **HHf OQQpOUftdU b̂Affl tb#

'motion cd% H aci-cu8cia • ♦ ** ♦ ounciia should
.M b its  the equation m g<

Vsoitig mb 13$ssms~ found th# reaction wot so staple*
" .Jfcwt eSafê teâ ' 4h%eWbjfe icê aMiaaKd dbdtwfê l dî astwNlk Ssdfr*d wsosd ssa*s SeMî fe

d̂ LiksJlosi &t ytiHŷ 'flffi ftiî i ffo3i3> flHUHHtwft' 9tt M.ft .'%yojjiiBt QToXy0(!l H'n

W a w  A f M f l w o t  mm  n w f tn w tt i 0 f* A* I tm o w im ii P f i l  t  &rkA mmm.p̂p(p er,̂ p pp4!̂ p̂pp4ê |̂p̂pâ p̂ppppp pp̂pp̂ p̂ 4bpbpippis

sttMMmfii attt% sMttiMMii' tO'tlEjik̂ i nrsstkwi^tttst^sii' s^kAisSsfc^MB. wOttwû l̂swsK ^%s^ss. jŝ'̂psr*ŵ w ■ sowMw w ^stpwss Ss^s^stwf tS'trst̂ S' w Pw  W  . iWô ŝtP trwsw*wŝ ^ptw . tPOt sî wwww

but s sliisht r n ,  k II #4 $ ii fo r rnmmm di»s<miu» ohlorido 

*M m  12m m  and fo r pom toluene dias<miiwi ohlorido @3*00,
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m%m mmmUmU&m of l / u i  E * chloride
with * » ©  s. hydrochloric M i d  and X/ae ■**' tslnan© « U *  
soniuu chloride with .314 m* hydrochloric * together with 

M l dRoltal«nt of ouprou© ciaorld© in  each case. Bui l i t t le
aia* neaatitsais sera nallssd.”!|PiawW W*”™ wwwWlf —P wr #w»f ŵW ’W ”

• ; til® greater th© in it ia l coiioantriiUoiie of diaaoniuia 

s a lt and ©\*pr©us* chloride, th® greater the Telus fo r th® " 
constant, hut w ithim  approximate proportionality between " '" ' 
th© two, constant® for V t * « V 4 ft»X/ee«Vt*:®nd l/na pb«©yl- 
4̂ ©hloi'id® 'With' ©onstfflnt' ' o f ©eld ©Ft̂  ©f̂ TWW

OhlOPlde wot® 8066*d95«386*304, and 136 respectively. Since 

a© eataly iie  a c tiv ity  ©y; th© nomal reaetioa proddeis or traces 

■ of eeeofidiiry product® could be established, th® increase in  

the vali*«® ©I* th® constants must be duo to th® re la tive  increase 
in  concentration of cuprous chloride re.ther than the simul­

taneous Imvmm  in  concentration of th® dis®©niw» s a lt, 

th is can be ®mde ©lea* by regarding th® reaction U "  .

■ l»® »  l|j|<a*©ttsa i8# a® ©low, while
th® reaction Xf i ' :

■ ■ «■ a ®  ♦ n»: #■ dki®cni®• ■: a® foot m ';"
instantaneous, The value o f th® constant then readily depends . 
©pm th® rate of the f ir s t  raaotion, hut nay he s t i l l  rogard- 

ed m  Of the f ir s t  order, since the mmm% o f cuprous chlor­

ide is  practically  « ©©natant* being regenerated eesentiiiXiy

M  a w i o y  M  mmmrn*. **»• £ _ . *  ifflrt<a).(a»,<ai) l.
n » tty  M vw tart lo rg tty  wen « »  In it ia l mnaantmtlon « f
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OWOTiti%f fp̂ Off*# Jpfft$riM4Ml3&jr

' ItolWSBS H® ytfrttflfB t IBS in  ipfl̂ Liliv®

mm jghm wm &iim m  a« fcha iHnflwiltiM mol ♦- |g  ■
* ■.'pg|FPj|®PlPS(F-mlB#̂Fl#mP 1m pp̂w m##F P̂» aPApI# *

gfa|:m||tj BuB ssiXi BNQf Witll jffljy /*>y5iogf> In *&W fffSB

n|a«fa fm|.%g |)£ )BB4oS#Sl3®S* SSt8l X©#® BKlMI © 8  flHffillWI&S ©OliilifW 

SWWttS Of WtlB Bft ^faMTffftf1̂  WtilSs 8 © BQBflNBWtflllB 3P0*

—*© til© *gWMfl|#S j|MB (SM &M lLt&fii IXfcilflMMfc jf f iif t #ftt, ffltl. mljflA rnw—mw#. tPmpwP*̂^̂FraA'̂ F̂ ©SF ©PwPP̂r1̂#Fp̂Hg!p m#KRBBT©PtSy m# wPwinPP ̂ 1̂̂©̂©̂©®*Wŵ m

■ftfwyiBtttwHi' ©BHi tni?if#flff̂  in  tim tixpnBRiti tiriHl- jpiitito*

fhn ,sn m & %<Ltm i«  iteteittF ftftwwtia*!*^ fear ».lim fW |* «hm*

1 && uBBLJEtt̂ ̂t- Jltititlktiktik©bitfUti ©©©©©aJBÂ̂I JiBMk ©9lB*1t JBJIt it A ■ o ti,<P!ij)iMM®lfcPHjB.i1tm̂P̂fc ©9- 9̂tt.iKfcBp tin©9iltiBB B®!P̂BiP̂BnsPAwti#wp Ŝtiwfip ypB|B®FBpBWtî^̂jgjr

tim K w a Iii*  8 iiXlStMl& f o v  *»***» «mafc mrnwmmpi'itwm i>l «wra.. « « • 1 / , *"'■■*" W> w^wi#w**w Ww**w pwPPp p  ww wS9©gpf 1WMP. P̂wlBPPSHr wjAft W

moi&r pte3^ii@ ^8it« at&e*i&» «&tB l/i» t*  !/§&«• V m »♦ * /•* *

rnmS 1 / ee- WmmmmU mmi m mm* it mw« wmu»*«n*»«« .it# .̂ja, fy»

l|^ t X54 *n i MS PIWSSSMliaSiS1* Wî s rtHmwi>mi« hailing

SttF B̂ g 4l)f|lf||i4'IWtt 0®Xt»* 49' Bb® 8 :SBS886ttB% Of ’HBlilillW*

'";;'̂BIIiMîKlMMKW  ̂ m̂gpJ| M̂l Wj JB# Jfc A®fc Bmwm BfBliimwŵp# wP̂pF

flHt P>«#Jftlti».lit eftFeil** #mMwtm»Mi#ttmm 4 i>#l:tiAjtitmm aw ###IF m ..- ‘̂Pŵ®ngpF pK̂p̂ # #P. pW ̂ #W P^P# wP WPWWwP wBlPI w "m BPPBmPT ®|*PpB̂wgBWIPP|PP B

n d«S© B m  0® Bn *»1B0 8* «m«iK4»» m tMmmuam lira fh# dimatitltW '™ “  WPWwmWĤ F P*Ww Ww*Wlr'yW"PP W

jftfOBtt X3 S Imw jam a©.ŵ.raw ■prtFFF p̂ f̂'wpp ra#p|p ra*

Knyfe of UmbSSb pn4 TOfffin̂fs ^ 0 4  ofiHisriB BtittB fluinwii

Bn ta&wwft BhiS ̂*,J* Bn BBft rammnimia «w#l»t<M ii.m«»»F. «$.« **»»■«»
. . pn ^wB^#w vw w  v  wPPw ww IW BIPvfnPW ' flllpw# wBPW’BP- BWBBwfe#BiiW8WiiBWMĤk -BW4BP B̂ PwpBFflPw

_ wwHwwl.^mn» vKffP ̂ PmHhwPQPhbP ®0h1®BĤPŵSbp9 3Î8Î0HMBN9Nw» tHP 0N0 8̂N8P8^

ĝuBgM n̂yiBp ,#̂KaMfc iiiBti.'iî  ̂My| fiiilBlliinyi'f jb#’ Iff ii m tffiiM ibi nyniiBWWp BW-wlJli wBTlilli' ffimogF 1^99 B̂PIwwiW 0 v£pp Ww* pNmMp f̂fia3KwGi4iiŷ Bf
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ST.

reaction is very complicated, the final result being most 
probably due to several concurrent reactions as pointed 
out by Hhntasch. Any arbitrary statement as to the course 
Of the reaction-is there fore .very uncertain andshouldbe .■ 
accepted with cautionvtaAet* -far more convincing explanations 
and proofs are offered than any advanced up to the present 
time*
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m.

' ' " ’Wflmint! mu to-M rttoV̂ t̂o.to jtoL#‘ *s&* % # fttoiiKtoftpMift rifotvmm. ' ftSMfĉ pdL̂lftlft
m S O fm  P̂wWBwWwwpMwjy eftpftŴPpF 'wW Weto# ■tow iŴP̂^̂WpŴP ftwtoPft̂ # pSitoPw wto1 PMtop

Hjwj. j*fc.)jti'p #>Mfr IfcijeMP PetotAPMk pKtoPfetft *J|' eePNMHf̂lfe'VP ''Att4lfiiÂiK& 6̂NBl6Mfil ;, ̂PfHjMSv PPwSpPiPB̂PIHp •PflpPF®# pPBP̂# e#»P̂ P̂p #̂̂PPK||P ^̂pPSŵpp̂PPIĵ  '̂p̂p

'irntmm A«wt<#«-. WuM# Mtt&* n̂ifeomin̂ »»« teun to&§ t& 6tHd̂  HH'•S***®89He MeW|QjlW#lWSF̂ *TiPIII®p WHPp <eW”W ŵMp̂̂Ŵp mm* tw* ŵŵ̂Jp *l!

' vA ljfa#ffr4 tltoff llfr|.ltjLiVfcl6i ■ ftftft ̂ Lfl̂iftNlMSliftft&-■*Pfl|)Mw*̂5SPWP'W®S(pSpr ĵJFMpPMlllWMee P#e# VevVHPwPPPM PPWêlwfll W’Wiito•M̂Pw*to' jJp?M PltoVpP̂P P*P™

ptô lPMNl "ftp fty*' pwMSS -| ̂f|~* #̂i«̂<iiB»iffiy -«tt $£%#$* ̂ 0kW&%

i# 1ftto^toVRMtfyttfnj‘§jH§- toto toft dy£%to toto% toftA toto e%jtototoewi,4*#fc#|#to ttrittoftftto toft1*#* w ■■peee# #Pf ep̂QPeP ^̂*̂"13̂# jmF B# PiP̂P̂ŴP# wF̂a

ilOto't ŷf»«n awitnntltntwl Aewtwt *irft eeo ft# %ftw.«ftftft iiiTlWI eeAeeiaie*P(PPPPP<»iiŴPf̂ ĵQp̂l̂Ŵ eP#M»#e# P̂Pw PFUp̂b* ^ F fF F F tF * PPPPt 'W «### ePP# P##PPft|PiPpRPPMPe# MRwePÎWP tBPPWWŴPPP'̂pWŵ̂JI

^  #h#eeMHk - ■ ft#Mfê tejkŵP jpp̂̂ W* #wp ePPWPP̂W b̂B* BWm BPWPBpP T̂WWsp̂PP!P'w

IX# tetoi«AfiftMiiM!i o# toe MmmmrnmM*, ft# # H*fl-w»*Mw 'w ̂e ̂piî p̂wOT̂̂ lw*ii|11 ŵP̂ Ŵ# F̂W .M#BPP BPBP̂̂BWm W1̂# BpmIIIWMmVWWPmP#̂#’ ' HHB B#* PPPpwUp^

n̂ ftm m&iem ̂ LsiiMlf &4&ii£had to 'toe «#*#!-*■»■# #***(i*## ..m###. .—§.«!>#wŴ*P mp'i'-is’î ip wi V̂ IWiPIPiP '™rPP PWNPPP e*̂ P̂PpWpiPPB̂P PPp̂PPPP PPWW# pp̂PlwPpWŴ

' f t  . ^̂ pepe.. ■&&& to1• **■ “wivipiiitoP toP̂ îwto 'iMmift' m m w m  wwftp • ! » ! pi ft ftftNBHBHft

- IftSSyfîft̂Lft' ftjf . Mtoto toft #Wto ftêyftMtoitôMfr ePtototo## toto. iMptoipionpijjpw ip p  ftftft W® ftWI ftftiftSnftiftPlil
. M#e #oliftMiji® imMirhlft e^h^to ft# nis%e4i.to4fiwiii ii-'iffMmrfritet tinm

,. .PPP1P #PPP|PWiiî p p̂ŵ p̂ep#pf' 'ftp ItôWftPft iPtokftft ft|lw1to#wftft ftftF
A t o  t o e  e to if iih M e M iite e  **emAt*4<*««## » * .* » * * # # « »  t o e  m r »  -vpwMHMWtoto erwpptoto WwWimip.|r PPil̂« toPP̂p wmmmk litoPp JNBMmE*
î iftftl̂i . mmaMmtsum »mJk . t o f t  afteftft J#^ -« 'puuiip   to PKp'ii»j»wiii P'li'Wi. PMiiiOT «"** ftftpftPIIŴ p ftWP ftfttoft' ' ftftjlllitoft||WH'
4 m & m U f m ,  % M M m % m  ̂ mi plm «r mmmmfo

SI Br-

„ / ^ \ t _ S ^ \ e /
V ; B r  £  > ' Br ' r x

..'- t . .-'.. i  ' % •  ‘a  :

0  0  0  9  0  0 :
o f  8 / r tr / 1 /
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aompftfiseii within eeb of replacement® on o single 
wine allow® tli# relative percentage yields for th© introdno* 
tion of. th# three halogen® to ho determined under identical 
conditions in throe different oases# while t o  influence of 
nuclear halogen upon the ease nan ho seen by croao comparison®, 
toe .the influence of nuclear chlorine upon th® entrance of 
chlorine as compared to th# influence of nuclear bromine end 
iodine oan ho seen by comparing t o  yield® of pftfft diohlor# 
jm«a brom^chlor and per a iGdo-ablor-benaene®# t o  entering 
group in teioh Oftfti being named second. t&aUUur ore®® ®wm 
p m i m m  can ho obtained for bromine and iodine substitution©.

III. sterio influence® may bo ascertained by comparison 
of th® shove yield® of pur®, iwbstitttted product® with toss of 
th® ortho *»nd sate compounds under like condition®.

If* t o  of foot of nitro groups present in th® nuolaus 
oon bo ©imilisrly obtained by cockering tho yields obtained 
above with thos® obtained under identical condition® from 
pure, ©rto and sot® nitnmiline®.

v# By conducting th® replacement in on® serie© .at 0®C. 
and in another eerie® at lOÔ O., but otherwise identically, 
t o  influence of temperature upon t o  reaction can be. deier* 
mined. A further test a® to t o  conclusion® to be drawn in 
I* 11, £11., end IV la toe else afforded by t o  duplication 
at the two temperatures, since comparisons are. possible within 
each series. Consistent result® in both cases can then be 
attributed .to molecular influences with more certain^
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if only one series of nine were made, sinee in any single 
ease solubility end other local influenoes m y  cause the 
variation.

' VI; Substitution of equivalent amounts of cupric, ferric 
or other etiba in. place of ■ the" cuprous: edit- without further 
change in the procedure of the standardized method may not 
only thro,w acme light upon the mechanism of the reaction, but 
also afford further comparisons.

further advantage Is gained in selecting the compounds 
above as starting materials since the products formed in all 
oases are volatile with ©team and are therefore easily separated 
by eteaa .distillation from1 any side products and tar formed.
Any phenol oarried over may be easily removed by Washing with 
alkalies.!

j g i  Mju
MxtiLmam% .s i ms.

Jteaaitetn
Since., the..primary.4dea.. of-.'this -.research on the Stand­

ardization- of the Sandmeyer reaction was- the. securing of 
strictly comparable, rather then highest possible yield®, .. 
conditions, were sought whiah would -afford a simple method appli­
cable without change ...for .the introduction of .the three ..halo­
gens into any .amine .desired, for this .reason the yields are in 
some cases .naturally. below those given in the'literature# the 
standardized method desired for comparisons could, hardly be as 
satisfactory in each particular case as a method adapted to the
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41* '

or replacement. Tim results 
obtained mm  therefore to be ̂ regArded rather' from the wtm* ' 
'fulfil of
tentage yields, the general conditions that would give good 
yields were adopted .mo far mo possible* .

The majority of the procedure© given In, the literature 
use the amino hydroohlorl&e salt as starting. material forth® 
ifitrodnotloa of .. Settee mud the hydrobroaide forbroialna* 
m n e  ififoMUar.ft*. to turn iodino replmeeisent dsn be found.
I t  I *  »©*$. generally done without m m  of the Smntoeyer, i.e., 
without m cuprous omit* it m o  deoided therefore 'to try the­
m e  of the shorn, altho it was realised that diAsotiaation - - 
would ho diffir'ouXt in presence of th® excess bydroiodio mold ;.'' 
present in the mm% of the iodine replacement.

m o  aiawt of-. Aoid per mole of amine veries widely# 'hut 
in m e  majority of emeeethe procedures given' in the literature 
from two to three stoles of mold per able of amine are used, 

iron more wide variation# are found in the amount of 
suprous salt used, ranging fro® as little ms l/38th up to ona 
sole of cuprous salt per mole of ««l»t* hut in very few esses 
is the double cuprous moleoule, fC»sX§), theoretically required 
by Analyses of the intermediate ootapound used, probably since 
the relatively small solubility of cuprous smite would neceaat* 
tats the uee of inconveniently large volumes of cuprous »ol» 
utione in comparison with moss of the amine* Clarice,«*
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states ttost ths uss of larger raounta then m» m l*  of :
,ths. single nolecular. fosspla, o f : osprotss.'.sslt per ©old .
Of Att&xit altos no, increase in, yield* H«mo© one mole of 
cuprous salt, {tu@ Cul» ) par otAs of mains oeeias a requisite 
•poilwle*

. . to avoid soy pessltol® mryiag catalytic if foot and
*m*m%m%lm thsngss* tbs addition of a certain identical 
amunt of sodium nitrite slightly In excess of th® theoreti- 
osi anount sootae prererasi® in each osss* too ta® a w i u o s  
m  tested In each oeso with atarchrlodld® paper.

fh® sis® o f the sample to ho used was oot e t on®** 

eighth nolo of ffitfHh sine® this in  no one® idTis ̂ thsofdtl* 

OCX yields below fifteen  grams, unavoidabl® losses and errors 

 ̂toeing thus sot. owrwheXsaiiigiy large ®»d s t i l l  ollowixig th« 
«•* of easily handled volume® and a reasonable length of 
W*e fo r Stem* d is tilla tio n . The following ftOOttam  wo* 
f ir s t  t H t li

f p f l( f t  g w m .*  f l h l f t g n a t l l  isr t»  r a a ln i?  i h a  ^ | g B f lj d f t i» t A aSLSSJB*̂  >*bm p wWgeggwjŵ 5̂S8H» ĵBÊ wŜ Ê EEBSSStSS1*****̂ ^

Salt.
One eighth nols of para ohlora»lllfte* CIS gram® of Kfchl- 

toauas.m.p. 79®,}.: reduced to a fine powder, weighed on a trip  

seal® accurate to *@0 gram, and added to ®  solution of 590 ; 

«*©• o f hptfrsehlerie acid (12 K ,*3 /e nolo) in  109 c.o. of 
1 water* hosted to boiling, gawe* so cooling, tin  white  ̂

hydrochloride s a lt efysteSliaiiig to t ©s o' £$m powder. - 
'the solution, than further cooled to aero degrees toy mdexts 

"if «» 1M both* end S® 0mm- ©f ieeadded d irectly , is
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rapidly and HA89U2II by addition o f M  ©*o. of 
a lif t  ©odium n itr ite  solution* (1§ 0mm M « W e*© *)
introduced in  a thin strata thru a dropping f**n»«X extend*
4<na 14*1 the im tfatw tim 8©iution*  ̂th * tiwBp#y** tuifs ffSHaaillo■■■'WMlmMm .W S #  *P # W *iP  ■ W F S ir  W  'w - W ' 'P ^ w  W iP *  ^  P * * W '  w --->-■------ -•■ — --

•mitMmm ftOflL ' mmA th# ottl**** ; iaialt. mmtmktoim '
oulent precipitate*

The cuprous so lition  is  prepared by addition of l§ » i 
grams ( l/s  **dl*) of cuprous chloride to ©solution o f ?5o.c. 

of im * hydrochloric aoid and SO©.©. of «gt«r* The cuprous 

solution ©ontained in  a too lite r  beaker ia  cooled to 0*0* 
by 40 is *  bath m l SO p r w  of loo then dirsebly added* the 
jamo# si.nfciMtii.iMtt solution nrsoared as disoidtid is  itmsedi ataXy 

added during rapid d tirrin g  thru a wide funnel tube reaching 

t i  the bottom o f the aolution, the rots of addition being 

regulated b¥ the amount o f frothim?. Immediate reaction ;■ ^ *  F U g Jp W F ^F ^P * ^ * 0 * '  V t t P w i B t t P  W  W* HP # P ' S W *W P w # S S p »  %s* W ^ P  W  W W l :  # i l * w P I  -

tU m  place t nitrogen and n itr ic  ©xidse are ©reived and a 
•| .i.|ptt, yfeiiflM ©©mpound i© formed, the reaetlon
being ®ooo8p®*$iod by oofffltidoffabir# foamisig stif.ofo y jt i en tire ly  

f i l l  the beaker if the addition is made too tep id ly. A fter 

fell the dSttwaBiiw s a lt ha# t ««f> added. ta># solution is  sttr#' W w * w a i w ^ w w p v  (s pw w ^ ^ . m#  w ^ p t# # p f.  ^ s # p i4 R ^ ® #  . * *w ® p » ® » s ire p .g  ® m w p  . - s ^ e iw p s ^ ^ # - s ® s ie s s H e .  sppS S  s r  s p s e s e  '

red one**baXf hour and 1s t stand a t .msn tw iterators* lbs 

fluffy* lig h t y«Xio**br#«» intermediate product soon riaes 

to ths top* nitrogen being erolred very slosly.fhe bssksr 
is  mmmA mm 1 st stand n o  m»r«bjr the uppsr

iaare^ shriidis om sider^ily. Bis m tire  s^nas of solution 

Is  than stem  d is tille d  from a tso l it e r  fla tis . On mumsdng* 

the U ^ it brovn produot shrink® troaendoualy s ith  but l i t t le
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nitrogen evolution and mm aslte  to m  o il. *®m »wmm
rapidly in long* p u n  white needles wbieh solide* 

1 %  in the m m i m m m  it too oold. The distillation ia 
continued until no sjoresolid osoes over, (3*3 hours.)
The 9U « diohlorbensene. is . filte re d  o f f , , washed with 2$ 

sodium hydroxide end water ,»ftOf feeing powdered fin e ly  to 

prevent inolfisure o f phenol or water, dried on f i lt e r  paper 

. end le t  stand in a dessicator ovaraight,Theoretical y ield  

ie  IS *4 grams; actual yield, 13.0 p a a  or m$* sup,5l»C.
-Bare. as well as tft# other

)&dlKftftdferfstfs vbmedestis itasiift <d sedHI %. a ÂMfevt Âfe *1■4-4P̂ 4HwewBî ŝnê deSw f w r t i ^ f e S S .'IwefeWS' • ■1 *:̂ ê

peraturee, *iad femes ne kept -wel t  o lfsiid In  s d&stc
.jdUMS while drying, the compound <>Ma>'*.;*iiiff<i|t rapidi^' in  

long needle#• in or*ta*f>y ̂
dfttr..the. above steam d is tilla tio n , about two grams 

# f e black, sMoky te r remained In  tfes flask , tkm diofeler- 
fesstsssi* obtained mm te d la ttM l using a d irect flams. Ife ff 

little ta r or residue remained in  the flask, the product 
d is tillin g  within a narrow range of 1?2.0°C, %o give a y ie ld  

i f  11.0 grans, The product on crystallisation  from aleefeoi* 
ether 11*2) gate t o  o lats liks  crystals of <ti ahi- ■s.'*:.-™ "■ < wawe ( ■̂iwptp̂ psww, wp awawewTewppww

with a melting point of 53®C.
8esend and th ird  runs using the seme procedure, but 

with more precautions to prevent 1ess fey vo la tilisa tio n  

# ife  yields of 13.1 and 13*9 grans reepeetively, o f the 

steam d istiS M , eenett* washed preduot. (13,ig,*m .© ^theer. 5 

In  both runs Pfeout 3 *i grams of tar remained in  m m  flack.
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45.:

.trstaratlon of. fare chler*brom*bsn®Hie from £*©hl©raniline.
. The procedure is repeated ms before except 16 grams 

©f p-chi orsuii line (l/ 8 mol©} is heated with 3/a mola of 
hydrobromic acid, (44c.c. of Kahlbanas s.g.l.49»48.5$ ® r  
.©ale.} tnd 8 6c.c. ©f .water̂ ....©©©̂ ,, .id#-. added* and th© 
eolution diasotized aa before, a very sindliar yellow 
diaaonlum ©alt separating, This is then added as previously 
to a ©old. solution ©ontaining 1 / 8 mol# cuprous bromide ,
(18 grams,} in 5?©.©, of hydrobromic aeid(l/2 mole) and 
water to make 125©*©.

Th# intermediate compound formed is of a beautiful 
crimson color,
standing ©war night, foaming during the sddition is not ' 
e#br©ubl©s©»© a# in case of th# chloride replacement.

On steam distillsiieh*-' the pare chlor-brora-benaene 
m m ®  over at first a pal# green, then white end the last 
trees© a light yellow, ihout 5*4 hours are, required,,fer'/,
.the distillation. The product is filtered, powdered, washed 
with 3% sodium hydroxide and water and then dried over­
night ©s,before. -
,gfi#e,( theoretical. is 25.9 grams)or an eetuel yield of aftft. 
©up. 66*090. The product on direct distillation gave a yield 
©f 18*4 grams, and on reerysiftllisation as before 'gar© huge
light green flat plates or monoolini© needles. m.p*67.Q9
b.p. 195.090.
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46.

’P'&am m wttL'ki. tm  n# * * * paaadhaaMMaiiUfc I m  Baalif.i*wayftil.liMi,»
. ePw mt|Wipep̂ P̂eNeB»tP®’ **4̂ w®̂ WPp ŵ B̂NP̂ WMWWP4ff

m» hydroiodido R lt of pare i l m U l M  pvefta so fclgmjr 
inooluOlo. '« *  th© rdam ett of »©4iim n lts ito  to til*  eelititta* 

M lNM itet 09 rnoii Pro© iodino, tfcrt dirooUspUc^ m  p w *
UeaUy tep©®®m®. mam m  toot fo r eeqpletft <Ucteott«etlGii
la  nasglbl© la  BSBMetSgStt Of tha f ®*@0 iP t fff#* &la$0t£iaMC&0BT*|IF .*|P*|F«4PF'!PPftl* âBRP* «P* P̂ww P|Ŵ̂PP*FpMp̂P’̂WP P̂P

yt| 6t^lpSSS' t|P ttlf *#Aftt$yi #£ Ik Ifrtyi ffttfffff gf m n M iiW i 

BltfStS #ftf iaa^tunt tJMORpOtlOalĴ  IW^lSiWl*
fmwumm M  eieo nooooanry 4»;.t*» peepeefeUon of too

QtfpOUG lOdldt eottttton* HQ#*#* of ^ ir io d id  M id  of £»§•!«§
( L g  HQiti tmittep m ze m i m aA %jn disSOlVO l/« mmA* I, t\%i&mmmm\ .«# 
<IB<»nww«p flit tuAAt44«»>» ft# Iha Aimme&iitim wftlntiftw. filtaiB*

gMMft l |  avolir@d. tbo h&aap*ftn» Qsatr. ***** m. Bixtura

Of prodBBt **»«* fJf®0 f tHltftft IW|NBSBt6@§SSlB8<l
• t t li  J®pftl*®lfaf lOdlde* fift^F OtOUdifijg ®tW# BSfl̂ S
t llf  *flj|||tgBfl fg&ft #tn» ̂ .|iitttl:^l © M M kt Of frpo 1 0 * ^

rnm mmmrn t?  rnmm^mmmm  solution imd the l i^ i t  broon 

pvodnet poisrdorod, tseind m i pl#a©&» ?b«0tetl4tt& jr te li *3 9 .6  

h m tw& *10.6 ffmsae m  4M  .tbeotutlec&«
•Utmmm. 4ftt» l«afti>dti 11 tm» ft# ♦Ĵj» nftt». m l  a# ihft Ait*mr»*■ffPSW"#* PNpwraBBp S* Pp*PP̂̂ "B̂

mmmrnmmA •mmAn^mmA ftmai 4 4 <ftt »««4i am-fel <ww <§4i^»m«,14
■ *|> ™ ’̂ •’"W'BWPP PPWIW «pp P*"ft*W "WBPFWPHWBy l̂ *w4p|P*̂ 4Plm'3BW•̂  . 4WPW’WHW,/*ŴFBbIWP̂Bf

4|| 0BMMSI* m >4  rt»fea4i.a»ltw 4«irtf%«<t4tit̂  ta| a«ta»,» a# Baa.
A,nmi.mA4Aa>. rs3pfH3ŜbiFi& X ateartia® a lth  th  .*<*>€b —i t  wwfta

4^»»8f0r@ 9mmmm, 9t tho o o ii w&mm m i  me
miod on tho Boact o# ffiKMmtow*-.-̂ “P :P*f.’w ŵ PWp *™w ^ IP P *  *PHB w* wW r̂*# ̂ T̂W’mieeiKI* BPw
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4f*

WWwwmimWw **•
I a n  Otttar»iodi»lMnfl«n« t r m  Pern ® & m m illm  sulfate.

i S 4 mrnmmm nf f i nftlW aOfdfifid IMUM lit t iIwPSMfW1 V M P S m ®  ' ©gF*© maSP©©P SlrBP f lk  &Kmm*W‘Wm£p l . i ' l i l i w  V p "  ”

sore ftsstsfcwMti 100©.©. of muter © » ta la l^  V # mole ®f 

sulfuric acid, ooolod t© 0°a* , 80 p u l  ©f A#© added d i*
, reotlyend dliisotiaed with 84©.o. ©f ©old is£ sodium n itr ite
Mfc® 4.*®,® — — 4̂®*% «■* H® Jj frm iiiMi id «■■ in JL. g| utt AAaiml WkjM C&ffll J% A ®t®» JNkaMk-solution# to® tsmp©ratur© remaining ©©low swc» A fter ©m©**

©1©%© a M ttlan of th© n l t f l t l  ****** B tiw iM  f®P tS l minute®, 

the solution As added thru a ©Ads funnel tub© to 25®©.©. ©f 
solution ©©atsiuing 1 /* »s©l® of cuprous lodlds (88g*) ©nd 

■ A I/s  ©old® ®f hydriodi© aoid, together with 80 grams ©f ice . 
ft#© iodine As liberated by tttg. s ligh t amount of frss nitrous
AAtd nresmot. #nd ©, l ight %rnkwm in*ar*a>t*Ai >4>» BMdSlQt SfiDftfAtftSS r - Ainr' a ^ w f a ^ wp© ©  ^aewmFampeeesimiis.P' a p s s  #1# ^e  s s w a p ^ s ^ r . ■ m r  a s m . u p ©* sm  ©ees^m

but without s' ct*an± immunt  of frothlnfi. After atcsdi&ff rmur■..-. -W “  • *  S pP ^ W * ”  WP aW^> S I sr- S f  ®WMP®Mf®SSF W ®SPp  ©pew® SIP SMaSSSSSWSSISsBp • ©P tp®®®®

ttid ltt m  ©tOStt d lS tillit iS I ©Ml whl <iA»t m m  *yw| ■■ . f f * ^ p p * i ,S  ™ w *  * » r w * * » * f .  . m w v s p w m w s i s i ^ s  '■©se#®p' ■■®p®sisi®P!m!̂ ® P ® ® ® s  SFw F*S diS ^P © sts* .©rmapmeP' s f-w T H N w

mixed witb mush free iodine, which tm ; removed by s « m  

3# sodium hydroxide solution, Vm fin a l product remained 

a lig h t brewnisfc v io le t. Yield 23.1 gram or Yt.%$ theoretical. 
On redAstAAi©tAon and o*ysteULisati.oii from ctloobol-stiisr, tbs 

• p m  «bior*lodo«bmEMMm# molted s t » *# • ®.*f» W8®*
Far© ©1 ahl oylittn ttflwa.P"’ in Mr ARMnnMP.AIINHpAV V

fro ii^ irs  I I ,  mmm mm ro ta te d  M s s  but tbs diasonium 

M ilt bsAag added to 250o.o. of a ©m»i©U8 solution ©ontaAning 

I/s  mole euoroua ©liloride and 1 i /»  m©As bydroohlorie aoid. 
^aisAdorabAe frotM ng took plane, end s lig h t yelloiP-biNimi 

Antowediat© product formed msmmUm that ©f the f ir s t  $»*• 

© stos. ©n steam UM Um M m  th® dAohl©r*l»iuisssis ©mi ore* 

m mm 8X*m. Th# yields ore girmi in  M l®  I . ,  peg® 5̂ 6.
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Tha AihRlogftn benssn© sftejf Steen *Antiilnfeitm amiiiii ihmiii pp wpwm *p WWW Wp̂ pWpW 4|f̂P*BpPsb BwHbPBI*

•ashing «i*b sodium hydroxide la assantially pur for purposos 
ofsgaparissn. aapooially sinas tbs yislds a n  
U  aa aammaap of o.i gns». o »  1m . «  r M a U U a U M  fts
IkmmmMm Aatta t© lQSO »«fl htmam la nraOtleslly S
fined weig&t in eaoh case Iftfca distillation lo oonduotsd 
In ilis sans naxutftt •
distillation, washing with eUiatti and thoro drying m s  nuts . 
« « | i i ^ i  then tiio p»e yields, t o  tmvoldnjkl© leeese in 
petitUftt&en being much larger In £ for in® lighter efclerine 
eubetitution preduete than $ m  tboae of brwaine or iodine.
■&*mm ̂ jgSto^^2r*b£â 3LfiIlS ****» -Sauna. l|iB«BEMii,t.A»a
-•• 1/s sols *T pea* breiaeiiilixis(ia.p.§6 .0®} was treated as 
above and added to - a euproue chloride eolation. - A ysllow-
knftw* 4Mi»a*w«a<lI»iya  ̂ <ttraA . ana# m| ttSaaHBl afetllaiiflHsbhik ©p eape. 'Awswa ©̂ ep̂ esa®sw©e(seŝ , exep hfsi. wrvsawwer' aseî jFswm ee spepwen 'Saewea n̂sw a a w  ea w w n ' w«f

mmmat SSSB by*”* * *** b@HSeil8 Of a de#f* /*#***& . flftlfll*. - fflb©
yield  was lf .0  grans or 71# of the theeretieiil y ie ld  of a$.#g* 
Uao also table Zt ) .

Hie sold enlfate sa lt of pars lodoaniline proved s© in * 

soluble that nnmnl sic <*«*>*»*»«<«»* « «  d iffu o u lt. end as Uni 

m^n^jftiw Bfii is alfff? Insoluble' t-bs said ̂ enlfele preeednre 

mm dieoarded. .
iinee seeisies in  general aro very soluble and ecetio 

ecid ito e if in  bdghsr eoaoeaatratlewe m 0mA organlo solT^ai*
nU m M ei Of SlMi Bint i 4 m  iiiil.» «—a ' 4**4mA ' Wfttf

. - pBPwm̂ŵp̂ m̂wea n*p̂ eea enŵ  epee sswam ea êTSsns ’nnepmeee eie.emia^Fp eesp|̂ a

M M U «  eold M a g  tuNrt M  « M  MlTMit. M  p w m  lod«*enUios 
• W e w n U y  is tht asst laMtti of tbs tbrst satUats, tbs 
saMBt asossssiy to dissalva i/, asis of this la tbs sou
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mm 4 m m M i a » o .« . of tx# aaotte m m  a tn a * « « ta*r
rnvm&mxteLmm mmm. ufoem i dol## Id' 0® • $hS fPftftiMtlltt SW^WlWl.' BOPdJP̂PflPAAIPPP̂POPr flip a#'4ĵ pp nFyjpyppiF̂ ŵF y ip* ^ p * d *

ĴESEjEESÊ Elk EI9EM6E ̂EMBE EP̂ jBEEEBEEEKEÊ̂
&X awtfcod.

fvoMdtaMI I I I *  3 t * m & r r d i a a d  «*•§*<**** t Q j S ld l

4ft «fti 4k. mm&m&L Ah AfcjJft |jft»-%ni ini, n-mfc# Mm, £ johl jSijft tffeiMfcdh% AMMnAft 4§ mi ffto&jdkjfc. jn .dkdP' flftrf*tî '... 1/*1Q M M  Mr IN  M M  w ;V I9 l l l f i l  %H MM*## -W WWP
nawfelft mft%A wg AhntiA wiftWWlta’ifB i#  ytfMtttilblai. ghjt adlUSiOB lfi flid a  

ttft ftt 0  ̂ I f  «d id# tft8i*„ Eft e»'HBft«wia. ft# f ftft «4<fa4 At OfcibftAliy. Ateft- .'PBRP̂h * .. 4FPF . > ^̂FflOW* ̂ FP̂B̂pf AF OSB̂F FF̂ F̂ (̂F BNPF̂FB̂PFPB̂ F̂ F̂PFFFP FIF̂PP gp

naiitAiftf* g fiy rM  M oiillF  mgiA 9Qa*d« o f t #€ MMtttat xiitaftte 

ftdftltftft0li ftlljfii II jjf̂ffffii *jt ftg| & ftftftli OftfOim* WHM
$lttdMB!llKHffll -AFFIFfcintFMo *imA*u«* I#: |H*||. *h« **«*m***m. 4b*mlm.*km, m ,---.; F̂̂ yp®-t̂ f “  ̂ ^̂ ms»*»|Fwp̂ pmOHF APyPBWfld̂ p. ŵ d *Pp|p -ppPW ■' ŴWMBdP|F®BWWPW

■ JiftftHHiidNi# N̂L'iK̂ftilUft̂ lfeilift Jftdd mjjftifft# A.'ft'd^fc■• |p Ŵ̂IWĤBdBPP̂lfWWW ftl̂BP'PP’ fPW; dpdftflftMw ̂WŴŴWft
o f  o i t v l t o  l A i l i M l U I .  f». « * H * t i<*1 itfi’lwifcinii »*, # 4 * 1* ,  fl̂ HHHlPWiPWWw#!!’. *•" nHŵ̂Pd -̂WDI wOPdl ‘ŴWHUP̂
APtet liM.4 ifl̂ UiigwiS.ii.fcl'lltoF jun Asa»#t$Meli *AA14til*w f# iAAMliA

ÂNkmum mdtfeik imm&mikam &Mum #jmm »̂ft«ru4#.jô9, ##%#• #ao m̂P Pti<ft ̂#»4i—fcP4̂>■̂w wp î -Iwi ®̂ Wpp wvp Ŵpi VEÎ P’ftl %̂wo SpPI ŜWWIPEP Epi#' TpHEP • ijNi wwlwWr̂
&%&,mimttt tftm %Jm tom l Mm AittHMWi(t<w<» j g mMmM. aft**aAm» ̂ww . my #p Ŵ̂Or mopowpPÎ B̂ '̂̂ BWP’ PWpFP̂ PmPlŷ pp m>dP

1 '̂ itt̂MHft Ift liĈI jki|̂  Atdiô JiooiakiiMdyiOM‘.̂ Bww m . w OWP mŜftp ŴP'Pr'JjBllWHp , yWy PWKflF ■ '̂WpBp̂PylWHHBI
mt&mteitwk tMmMnk̂mmM An *  Aaai *t4*».m Ttiriinfrlir ^ban4 ;lU&»j8B «««*«»̂PdPiO O PPiV  '4#?OlŜ p, m*WWWil̂ Wld P i*  “  w P P ftw  .-̂ PPpwWWlPip .wiPPPPP|.W •Wir^mpip -

wAi»» In liiit tom&m’i  t** mmrnm&'WmA. ».»>*> t«»»«»JH.n. «m tlu» ^ w n t"m. pp ̂pMOp#OPjp! pPPP̂I . mPPippPPiNMMpMMHBk PPSHP WMPPr -PM||iiP|MPP#rPr'
p f ilWBtoBe ^ | t OH&Ŝ IO aOllltiOKL, «Oia,i«at. mmM<kit4mm %/m —a.m*>a*L.:• ™-*̂ '. .T F m " m 4 |*  -■:—^ w "i.iiqpi' pi m̂ p̂p « » p y y p w * p ^ | -** iP w w  "̂ SWmwWPOPOWOIP p̂ r -̂ p - wpopWrnP*"' I

a * it two <*■»!■ n & l  l/t t  meAtmm ten* Mum m*m*gmtimtA%mgt:’VPĤ p̂lytinP PWiOW plspP “#i™| S'iiP <pf m|r p| mpiPWifwpP ■ ww m*P wypyyŵ pym̂ m̂ p -

tMt««aB M Ul i»  aooo.o. o f oOlutioo. la  a t tM  ta  0» by a a u  

o f an loo botha so B*am o f lo t MUad d lia o tlf and ttM  P a
Ai.imMMSi»itni mKiAiMMkmm ̂ i,<i tMHaoAAi «b4«l.-». «sAAfm».. f̂ y>

% OOOpoOdÔPOOOPol̂ PPP OnOPIî FPPPAWPp̂ P̂PW BPF̂W' ;̂n̂ pnppp|yp̂ ŷy9F ▼P̂ W#
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tmmim under 5°C. and rapid rnmmnlrnl stirring i 0 ®aintel»*
«d tteueut tbs, addition, After complete addition of tbs diaao- 
niuia solution, stirring 1# continued for ©ne-balf dour, the 
tMiaker than removed from the ioe bath i M  let stand well oov* 
ered overnight* the entire solution is then '%mmiered to a 
tea liter round bottom flaais sad ii«a distilled until ao m m  
solid or 'Oil. sons* over, a small -Haas Doing kept under the 
flank to assist in agitation sad to provent etoam condensation* 
Varying with the product, from. two to twelve Dour® m m  required 
for distillation, the produot, if solid, is fiitsrsd off# shaken 
with $? sodium hydroxide solution, dried on filter paper aftor 
being finely powdered and. lot stead in a deaeicator overnight* 
■n® use of - porous pistes whieh anuses ready absorbtioa of the 
volatila produot is thus avoided. m e  weight of th© produot thus 
obtained is used for oaqperisens, doubtful oases Doing dried for 
a longer time to see if there is a. further appreciable loss .of 
weight# m s  dihalogan products will loss notiooakle amounts by 
volatilisation however even if 1st stand" fe* several days .in a 
medium sisod isssliator, Vacuus dessioatavs ©annot Do used there- 
tOtt S i m  tbs AilMAOgOB-iMIUMnSS*

fartiei neutralisation by. addition of .iO© o-#f * of 
sodium hydroxide - solution. Defort allowing to. stand. overnight 
m m  not euQoeaeful. ifuoh frothing is snoountsrsd on steam dis­
tillation and oonsidewbly more tar and phenol is formed. lbs . 
yield of pare iod-chlor Dsnstni was reduoed Dy suob treatment 
to ^1% as ooapared to 6$C without tbs caustic addition*

ms- following amounts of tbs aniline and of; the ouprous 
oelt were used;
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1/s mol® m gmm* 1/8 molo (M b* ia*8g*
• p-DromaniUns » a&*«
* • .an* • • « w  • m * m *

m M U m m $ imm fmm>m  is «*s«rv«A in tt*®. method us- .
|mjw ftftS'fei ft ftthum* ̂ +Uj*oa ■ mm£ *t#» *ha - i>« ttaw»1 .mltiiil'.,
yyg^n^ly *fr|® jflt 09 d90HH
T»f* » fM|  W&W&  a l M d t f t  T h »  * f t inaftwuamt 4 <t fen  a a n s t w ii iy i  -i.fi a f t it f t  g #  t h f t

l>9®BijiS ŷ Ii.git f fyi% As so* otttAifoty ̂ ffSory tHMNil. wi slwwMUsg 
oosfiiightt■• m %f tbs $o4f us . 4® ®vsa lee® so* scsislSssfw
pt̂ -p pfltrogon hoAog svelfsd sties t3bw wlr’tttto*?' 49 tisffittft pwo*
’ffMNl4ftfy *0 StOttS *4,9*§'!l4*>i6'i *ff! ~ HUlO QOtBpOUIidS pJPOdUOSd 4n 
SSOh M B ®  Shew l&Offe 09 Im m  pain*? waiwt In imimi a#
tho iAdlnt ' fftft**-! aftftgaftw »,« wlMirS ttfi tMOft Of awwiwan |g Sfitl&Ad.., w ^ P  PPPPPpP* . BFwPP PF^P* PSP^P'*PP ^PPP ggn©  P lP i^P w  JPP "Pr PlWPfPPPSPP^^g

sold 4s Instantly distray-
<ul. flji aMlilftw ftp iha miT\-nrma faitiijmliwwlul M l  a nwlil oniml mi

■ w w w  B F t^w tP  WPtlwiSMSpBSWlF - SN^jp t^gFS B S F® S P |9S S  S**9PW»tiei SP’SPSBSW-SrSSSjFSS1

mmA iJina *§|g. #ftg»ftMftn i© gP Q V M t M  o#. M m  trass Of MtfOBfi
gp^F-H P ▼ ^POF.^PtlS^mr SfrSP SMSPtF SPmfSP(SSSSP w w 1 •SIPSS OWStPrSBSF

g *  Q ttMi y  ' OM S M M iiid  - fcn  a t k i f i M  . i l i a , . .mmem mitt mm  i©  Jtuun. AlMaKii.SHb«»,iwWOwî WW- Sp*bpS(* tjp '9r9P®s® 9®t9®9®IN® ®S®a SS9P9Sif* ®SSpSSSPSSSJp

ly Stitt® # W M|l|#t#- SSSf !t§ fOi4wftj»iAA W  «whi.t«Mtl. jug thft.•P̂Sir •' ' 11 " ■ . w “  “ ■ W ©pw WPPWW P11** WWŴIiS ""Ppp ''̂ F̂W.PWP(MPPW*PPf*IW n̂gr ’* PPPfWSfWP MP»P*̂PnSP̂PPP|Jg: P̂ P̂ flP

«»a4® p9«MlM0t* diasoXvlisg t M s  in -stliss se* -slmia&g vith di-
i.H#.ll PftHftmift *ft<li»HH hî lWMflAfl lift pit' PtMfc Mrnktmm Am mmmmwmA

®W'T\gS9tS9FSw®P .^ p K rtw s n p a p l®  9 ® | | r 9 9 w ® p iw N ^ tw t | i  M w s s p a p ^ ® . U M a 1 9 s tW B ^ t lP a i s p ^ P  J p 9 p s ^ a iP tP a ^ N ^ |

SAAifu* Pq AMm jiPtMfcim ]*••*• W8®MMHB®iril ifit# wi i>M  wf> #wn>w»
'/tw rtO W P^S^^tg©  SPtlF SSpSSP ■ "SS SPwB^pfiSfc ■ '^ 9  . ®P®» tPaP*®» aptRf̂ PgSĵ apBg S * t g r t l r  4 *  <Sr-tB®Kw

Pl.kft.lia ©n© kfttf IHft TOlUMIJ of ftiftftiifti ft*Mi at 1 ftariwt> ih* *1»
* * • ▼  P.P'DiwiPI M  M ftW ip V I V m M I W  ^ F W  w w W ftFP TP O S P W  tW P f< S  ^*® |F < P iS F ftS *H pS ^^ ■ . tp S S ^ p  w P S lf^

«M l*«tli® » oixturQ to f^ iy  slosriy sTBporrita Is  &smk* 
9am ja w  wiHt© wmamm*® Pimm m  mm®m of tiio 4iD«4o-
gen psoOiiot «v® fonaod iSiloS 4ss^®s vo»y «i4o«4^ upon sxposus® 
to light.

s ^ U e s m m t  m  aropsotod aatll to® yiolds «®f« ot«
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t*li» 4  e«r««tng wittto «t, «M«t <w*r lWiBB ttkM Ulst tlM
product la dry when weighed.

Hi© intermediate protect® in ease of tee chlorine *a* 
m m  m m  m  lost yellow-brown in color, fading to 

* lighter ateda avasnltfKI* '«*» ¥twAa® ;la^«^te«to* a#*-'*! 
first more or low « dam crimson color, quickly fading te
ohocalate white ©tistlgtt. m m m m M  light brow*. tea 
1 ® portly masked by the intense pamngenate color ©f tho 
solution, tei.te is duo to smell' amounts of @«©»ta bromide 
formed by oxidation, fbis oolor is eo intense that even ' :" 
.frotely precipitated cuprous broaide give® a toot on die- 
aalwia® ia hvdrobrestic wmt. uaiim? state®.' teat *©dl& 
jaj-.iitaMgittB ©f MUMwr con be attested ia a ten® -of solution.. IWIIBiNiBr̂PiWa'BjpW WSryip̂ FlWi' - wWW wW’'***' • 'W* ipwwipir WWwWfp

tiroYidsd hrdrobremio asld 1 0 . cono antraled. '-ten'" oo*
low l**,a>f.Ftiif to formation of a <"i bromide
ncaaaslaaE ©eld*

».f»OT»?tanf̂ **%§*# ear#-hat only more ^©tey
jA®ô OOOMOoa4%oooodfi ytn-oiioi. jfrlttre' ebb®1! Oa>Mk4l' aa.a© sis®' ' ̂ koaooottd OB'irik, wa sms®<8< h t® am t̂eeê b smSjr̂(SSdW«̂grSiF Sâ̂StŜ SPSSaS®̂. taOOOo "tOOoi/Oktlô̂" OaOS oriPr tooîpiOf̂PÔG© jBrOatl̂ îOOô Ô tr O © dfsH ■ ̂ r̂OIOOp̂©
 ̂ate© note heavier,® large p m U m  aaUUog .I© - tea bottom of 
- tee section m  standing overnight in contrast t© tea chlor» 
b o  and brostoa Intesmsdlate® teioh form a floating layer.

ia noted in tho plwi Of tee investigation, (page ̂ 39)
' it «a«Mia« A^twhfoi* to oem&iire tee wield® ©b*a<w*-* under 
idtetioal ooadltioiMs, but obtained by oonteetiiig tea. reeo- 
tite at 1®@» to thoee at ̂ f** a ftetete cart of internal 
rnmmtmm being teas afforded m  a ohate m tee dgntea 
t e m  to be drawn from the reewlis obtaisied eite tee odd 
proeedure, a© e«Kl no establishing tee influence of tesiper*
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53.

miasm* 9 m  ««sto» of nine m p t o s m s i s t *  noted to

toe «ha*t, |$a§i iS) m s  t o m  d u p H  toted except tost to» 

m * m m to® m X m t i m  m s  added to »  boiling e a p m u s  solution,

IV. s t m t o M i s o d  Method ««***«» *&>% SoXuUooa.

A too lite r  round bottom short naolc flaafc is  f i t  tod with 

a four holed rubber stopper carrying the following! 3U) ft 

mHmhp tolTXiw condenser with &n tlteiffl1*! ‘M f tffff b m t
X.) . ■

it *-*»» HBfllSr 9m A i m wide tog* flill&ftl tobft *»»****<*>» Oft toftwg* eg jpF gê pge g es ê sftsftftftfteĝ g’ êsftWftws ft* eewiPî ftsî aŝ ftftsHp graft

to'Stom Of to© flftHfe tom *jfjf ̂ to^f**11* 1 0

added* 3.) it SafisiEaster with teiti <«wô «a»d to wtmiiwtfr:.-gpppftĝ ŵr’̂ wSp wf w 11 wHt wRw^gggw*^w ̂ wwwop sgaswftgaw sfts®̂p®̂ îŵg aweewe ©see ê ss©© ©î ft!ftg.ft ereeeag

solution.* 4 *) ft attorn inlet tube curved at toe bottom so 

toftt toft stftfftt not (Slv »«** «♦* In %mj»w»ii «*/»' ft>* tflftfc*. .'.jwftw.w wwwrw ŵww*r̂ p©wp©"r̂ |gp g© wee®'̂ ©*© ssê s ™ ©ge©ssw|f ft©©ft‘ftpapi,sr egftr iftsee ftftare|ft(PftpftftMp ŝ Nees ©pepsê '

.psmture nt I0P  t e l u g  toe addition of toe lee eoid dies* 

M a n  salt* bat also serves m  ft method of agitation.

StiS OOffiBlfttft Sfttuo Is l.n #>«»' itiwiainop̂ ’.RF 9999̂9 *v*MP WPS© tSSRWBP? WSM© ©W©gSSe©H8Hf

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



U *

too dimio solution pyopafod on in ptoootai til la 
elowly added t o m  toe alia funnel tube, iiUlah elioeo toy 
oolid to Ic pushed thru If clogged,} to toe boilins cuprous
tffH.11%1, ps^passS ®w§' to toe fwwft procedure* fee'*•*•** *&* 
otion to  kapt above 100® during tot toootto* both by a brisk 
current of dtasm ond a diroot flmm beoeoto t o r f t M f c  The 

point of too cuprous solution is  above 105® to  

fmtlh obo# 41HMI to toe Mrf**- ffisid toftowtoetooftt'' fallJjsg off 
M  ailato^ with toft fUfeWftniiiia BOllltiOa* A, VWRV brisk SVOltt*
HHeo of nitrogen a m  ploee fttfnt e largo amount of the ro l* 

little QtotoOflto product is carried ever by too ^ trogwi stroma
fftlF IKS the (1 Mid Bill H my, nttOQBftOf taiiyiiy' Out tfftfi of tha 1 Ana mm

m eter oonrtnnonr1 find 1 the bsnb tubs e t  the firs < A sm all beiiif 

bOT SlflAld WOOF thfl' tmA of 4*** fethA *1:1 await the <m»"Pa P-  W PPBP ’SPBWtwFSO ŝpBBmr̂ V̂ Ww PPPBf BwBP BĤBFPO'SPWPBPSSBF

;;0tiF wpy trsos of piiednot ©souping by oeiftOoHiEmtititt on too inside*

QflO JA»aMi SMiltttlOH iff »90jyi as OfiOldlv SO *MMMtiftl.dfc wito». w*p w wppwww •'•w yyVMm̂OBmMMWr JppO|PPBiPPiBpiPBPP'OF wIP

to t too tospifototo fo ilin g  bslow 100® t too lo o t ttoooo bo* 
ing onto©d thru o tto  odd ester* About 10*15 minutes are to» 

toy "too oopi>l.oto H td itloo* Mntiifuy is  eemttoiiod toy'■ w ®* 'P'PP^pwW P1F **PPPB*PiW “ “ w#P” ***SPFOM̂ *̂PS)̂ p , BO'PP PPBWaO'WWWPPSSFSPPW *P Bi*'**

tto aiffiitoo aftor ooaplot# adOtoion with too tofl« to ip  

OOf damlood of wetor, toft oolM ffotloiî r to ta ift t«lB| 

tosraby molted pud drained back into too totttof oere being 

Itoft toot no yfq?or eeô os. too loot remaining fyaoso of 

-olid are êhod down the oondanoer by hot water. After cool-

M t ,  tm» atoppM ia n a n M ,  anr a a U d  affiiaitac ta tba
atanrar and tubM m a i w d  afr aad tba O a a k  n« t a i  rttt a 
atan>ar a w v i a i  t a l m  l a M  u d  a a U a t  aa aaad ta p w -
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wima »%mm distillation rad 4mm&lately ©team d is tille d * ■ 
frrasferano* of tee solutiOR, very d iffic u lt to  do mltesrnt 
lose due to tee terry matter present, is  thus avoided. After 
a tea* d is tilla tio n  the product la treated ma previously noted. 
•Htsults m m  given in  futile I.

tee green color previously noticed me entirely  absent 

in  %M oonpounft* produced fey th is . fc s tra tM i* probably since 

tee nitron® acid exoes® is  inn tently: fodntliised on striking  

tee M l solution end teu© prevented from reacting. tee te r ' 

end phenol formation In  oe«o of tee pnra to®#wmtim is  not 
nstioeatoly great®* than in. tee sold. ,m ra»: tee . product toeing 

equal in  purity to teat fmm tee sold run® end entirely  la te * 

itog in  tee green color* tone decomposition mm notioed in  '

-tee oraporail* produced front pars iodoaniline, free iodine 
toeing produced* tout not encwgtt to make tee rune fell notice* 
etoly lower than those given toy tee oold method except' in  

tee esse of pen i©d©«*tor©ia*bens®«© from iodcanilie®, tee 

yield toeing 1055 lo w  ten® 'tent of tee. oold issteod.

a voluminous tout very tight produot: appeared ■ floating 
1® tee watery layer during tea kat of tee ©tea© distillation 
Of tee para ©htor-toro® and pare dltoroteensene run®, tei® " 
wee separated toy draentatlra# filtered and dried, less team
0.1 gram coild 'toe collected, tee produot in tooth cases 
sratslned halogen, wa® readily soluble in banaane, aieehdu '
end ether, tee mol ting point in tooth cant® was over aoo® 
tout was not Sharp, tee material ms probably e diphenyl 

derivitiv® tout was not further investigated te l It tee 

snail amount present*
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tatia ’©»#* . .

fluid# ©f wmm ftUaltfia b«mwihi tpm tte
Mon© H&lOfsen Aiaine.

dfoupIntro­
duced.

obtained Yield us** ing ncid sulfate 3 nit.

Yield list* i»g oorrea-
p@fidi»g tel* gon left ps 
starting Mat

*8 TARI>ABDXZKD using nee tat 3old Method Cuprous^soln

METHOD* t salts*Hat Matted Cuprous' am. jhlSi m 88 i mWMSewPBwSim  _
a « Q a 76.1

;' 76$ fi*i ;
n * m  " ' 7§*§ ^ 

7«*«S : ' '
66.4

6 8$66*9

ax w Q a ' , n>us 73.9 ^ ' 74$ 7S.0
M -8

6 $S@8*3

i itfci i Q  0 1 ®7*$ 67$
6 6 *6 ..

88*4
67$66.4

1 4 It s i O « a sa,8 @4$ 84*6 .
8 1 . 6

.85$83.4
vl# ■ : » o » ®o*t ■_7910 6 6$ ■ 

81*8
78*0 77$76.6

fit;/' i O » 60.5
@1*4 61$ 82.2

7t*0
73$78*7

f i;' a Q i ?t*ai |83*®$) 69.5
71$n*e

79*9 81$
6 1 . 6

f i B r O z 71,6 ' -tan73*4'
78.6

78$ 77.1 w
-:.;t i O  * 76$ ■

77*i
76*9 nun#tte77,3
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The molting points of the para dihalogen compounds given 
in the above table were found as follows.

Diohiorbensene 54.0
k

Bibromben&en© •. 88.0 .
Dilodobsniene ISS.G
Ghlorbroabenaene 65.0
Chloriodobenzene ■ . 55.0 
sromiedebensene 91.8

As noted in the plan of research, an investigation seems 
desirable as to the influence of the position of the halogen 
atom already present in the nucleus.when a second halogen !s 
introduced by the .Sandmeyer reaction into .a .mono- halogen amine. 
The yields given when bromine and chlorine are introduced into 
ortho and mete ohloranilines by the standardised method were.., 
next obtained therefore,...

. .■ Ortho Bihalatmn ..
Chlorine and bromine were introduced into ortho chlor- 

aniline» (B.P.206) by procedure III using a cold cuprous solu­
tion. Immediate solution of the liquid aniline is obtained upon 
addition to 50^ acetic acid and a yellow diasonium salt much 
. like that of the para compound is obtained on diaaotizaUon. 
Kltorgen is evolved papidly on addition of this to the..cuprous 
solution but with very little frothing,. ..A reddish brown and 
very pasty intermediate product ia formed. On standing over 
night a. heavy oily mass collects on the bottom of the solution. 
The product is steam distilled until no more oily drops collect 
in the receiver, from two to four hours are required. Vejry much, 
bl&ek, viscous tar remains in the flask,(5 - 8 grams.)
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m.

m  w m  orth© diohlor and o h l o I m M  ©f© ISiptoi#
the pysftotis math®© of ©onto m% m »»•©*
the entire ©tot&Uats ii therefore rands slightly eiiealtoi*

»mU1 all aVuntftlla aAq®- dlSBSSSErS Mid OftS-V* thS.-WSMfMaraiHKSiHps "(ewewwwnow wwwpep* ww*,ŵp̂ p *—

eiser^eteristio ditoalogen l o m s s  order vsaatos, m© hoary ’. 
©liy toys* 4® i n © i  off s© far ®s possIM© ©y aoaae of s 
MpMfctoiy tounel# ©at ©imiJidtrahl© © U  fausto© as fine 
dyoplet® dispersed thrwut the wstsr layer, this la iftie s  

©seifneied w ith  e th e r © jadihe ©̂ tr a gt-toff® ©#§# 1 to  the o il*  

©©hydro©® ®edius» nalfat# ©etoi added to remove water# to* 
wether with a &i&Q|irit of a«< i«a Af tS®
©tandtog astwti. hour® the ethereal solution la filtered^
©ff* the residue m i l  ©twilied ■ with dry ether Mi. the wash?* 
togs added to the filtrate* ter tho ether 1b partlelly 
reraoted ©y distillation on m  electric hot plate, the high 
©oiling oily product 1© fractionated with a free Hiaw« the 
ortho dleh&offcsnstfte ©etog collected between 173-176 end 
the ehl©r*©ro» t m e m  between 201-204. the product 1n both
aoflafl how a 11 ##§**, mlliw giwan mail.mm a#*sr Q»** trS&traSflt.
toe yields era giro© to tefefc© II.

Kate <Uohlor M d  «bi,kfbim H w u m o m  m *  »Mg*r*# «s *h*u> 
*Mb Mta ohloronmno, (B.,.338.) Bm  oily pmtuata or. Mp>
«*»tM ant puririM u  .its the ortho mmgrnmlm, the sate
<Uohlcrh*oMM twin# ooUootwi M o m  171*172 uni th*
ahlor*fcns b o t m w  19S*W«. Beth M a g m a # ,  M n l a * #  * 1m ,
•Mtsld gr.on.The yiolto mm gtmn is tsbl. II,
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In order to determine the respective losses by the two 
methods of purification, blanks were run starting with 18.4 
grams of purified dlchlorbenzene,(I/ 8 mole) and going thnu 
.,ths preeees of steam distillation - from the cuprous chloride • 
solution as previously disodibed. An average, yield-of 18.0 
grams or 97j£ was obtained in ease of the solid para compound. 
But wi th a like. smour.t . of liquid ortho diehlorbensene put 
thru the method of separation and purification described 
..above*, omly 17.2 grams or 9Z% were recovered. A corrective 
factor must be added then to theliquid yields tOohe, strict* 
ly comparable, but since the loss is a mechanical one and 
does not vary to any extent with the yield, the correction 
should be made by a weight rather than a percentage addition* 
since the percentage loss id relatively less-, in-,case-of the 
heavier bromine introduction. - The .addition; of one gram to 
the weight of the ortho and met a product appears from the 
results obtained in the blank runs to cover the loss due 
to variations in separation and purification. In the table 
following, the^ospareble? percentages given have been so 
obtained.

Table Two. OrthoCroup in* tspduaad.. Product Jttruevield /Scompar- %truQ .jKeespas* f  y ie ld

0 1 0 1 - 81 44.0 .
430

41.8 47.8
4S.4.43^
44.5
45.0

47*8 , 
49% 

50.0 
48.3

78. G>
n %

76.0

Br <&> -~'Bs w . T * 11
.

50.6
54#

85.0
m r .

m
36.0

—
39*

40.8
©40̂

84.5

Heta
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Hitrehalogen Compounds.
Procedure IIS was' then need to introduce chlorine and 

bromine into ortho, met® and per® nitr&nilines. Altho the 
acetate salts of the thro®, amines are rather insoluble, ee»* 
pie to solution of l/*th mole samples takas place on warning 
with 250c.c, of 50?£ acetic .and hone® aoiBplebe conversion is 
assured. On oooling to 0® however the salt precipitates cut 
- in fine needles.. .After adding 50 grams of ice, the nitrite 
soltion must he added very slowly, (oncHbalf hour) and is 
followed by stirring for another half hour, which effect® 
complete solution of the diasonium compound formed in each 
case. She formation of the intermediate compound on addition 
to the cuprous solution is accompanied hy a considerable 
nitrogen evolution in each case, but with very little trouble 
as to foaming. The diazonluiB salts in a H  three oases are 
of a light orange oolor, while the cuprous chloride intermed­
iates of the ortho and par® compounds are a  yellow brown,, the 
mete compound being a deep purple brown. The corresponding 
*wm intermediates are ortho, light yellowj par#, greenish* 
yellow* and. meta, reddish yellow.
. , The ortho nitrochlor bpaaene on 
over as a yellow, oil, solidifying on cooling, Cm.p.32°).
The watery layer was colored also a deep yellow and continued 
to eoae over yellow after oil ceased to separate, at the end 
of the steam distillation. The entire watery layer, was extract* 
ed twice with ether, whereby the yellow color mas entirely
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extracted ■.£$&&■■ the. .water fey tMa -treatment* Open evaporation 
of the ether however, less than 0 . 2 gram of a reddish orange 
paety material remained which apparently contained only a 
mall amount, if any, of ortho nitro-ehlor benzene. The corree- 
ponding ortho brom-nitro benzene is also yellow, the meta 
ehlor and brom nitrobenzenaa a very light yellow color, 
while the para compounds are pure whiter 411 are practically 
insoluble in water. Beautiful needles or rhombic plates are 
given by all aim of the compounds on crystallization from 
alcohol-ether (1*4.) The shape of the crystals is apparently 
determined by the first seed cystal separating.

Six to eight hours are required for steam distillation 
«f para ni tro~bro® benzene, (cup. 128,) and considerable -Mftw* 
culty is encountered in preventing the condenser from clogging, 
the distinction having to be frequently interrupted and the 
solid pushed out of .the-condenser with a nod,- -

The product® were purified In a simili&r way a® the para 
dihalogen oompounds, by washing with dilute alkali®,water and 
thoroly powdering before:: drying.* The; melting and boiling 
points of the ...compound®,a®,, prepared, agree with those found . 
in the literature, and are a® follows:

Orthe nitro-ehlcr bensene m.p* 32.8° b.p, 242®
*' <t brom * " 41.0 * ... .261

fare • . ehlor w . * . 83*0.. 241
» • brom • • 128*0 * . 255

Meta « chlcr.. * . ,44*0 . .. .234
• • brom f * 66.0 • 256
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, SMIativ* H ilts  when Halogta 1b InttiintiNi Into 
oorrQsponding Htvo and Chier Amlin**.

drcmp in*tiendnaad. Bar® Ortho ' %leorreniedL Meta _ Ccorrected}

cat Cl -  m M

9 2 . 0

fia fâ

94.1 

.71*0 ;

59.3
58$

. §9*9./'

Cl 01 - Cl 96.©
?ejl

93,0
.. 49.5 ^ 

4 0«f*3.
49,3 ^

' ' 50.0 4 0  43*3

Br ir - ic*
90,9 90^
'90*0 '

' 90*i ' ' ^

w $60.9
'93.3
90.6

if By — d 8B.3
34^©4,5

■ 99*0
. '&4i. 55.0

33.5 .
90-.

.40,3

Gnprto Salt Kodifioatlon*
In view of the Oonfllatlng statonsnt* In the literature 

as to the restate obtained when enprie salts are substituted 
for onpfeti*, end mi outlined in the plan of V m  rnnrnxm, this

. modification of the atpMardiae ; procedure -was neat triad. ^
An of ©upri© ehloride, (X/B nolo

» 31.3 ggmm») mm of ©aprie bromide, (38 g*ansOttilr«») woro . 
substituted for the oovrespondlaB cuprous salt* sad procedure 
III n v w M  «ttb pu* ohlor and pwm bra. w U lse..

On addition of tin jroUw UmobIoi ton of pom edlor- 
*oilln® 10 ***» *o!4 ouprt. oblovii. solution. no opperent
reaction %mm® plan® liMediateiv n« o o ^ i**TO*e*«*y. ^  standing for two hour#
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after r a m i  t o  t o  betfc, eonpl«te m & m U m  toe®
$l«i®« to. a ©tew? green solution is obtained* t o  eolution 
i« lamediobely steam dietUled, elto libtl® variation In 
yield le noted If tot. otsad over night, m small amount Of 
inww wyftly d«n®»itinf' Ml Standing, He WSrmlan,
nitrogen is avobred eipidiffr •* oil g»d»*lly separates t o
H i# ear# d OOmeS O W T  in fftStt of lOIM Whitf
ntol.ee* is purified m® bafore, towdewd, dried and weighed. 
Conoid® Wble ter waalas in the flejttefter etea#■-•diettllatleii, 
t o  yields of t o  several prodnot® ere given in Table if.

A trial wm® toe neutralising the olerr solution before 
steam 41 ff tltlatleii«.. terdroxide . balms »«<***̂
tod a rettM* etoenser to avoid lose by voportaoUon* alto* 
t o  koine rapidly given off t o  t o  eolation becoming wwm* 
t o  yield® tootnet varied fro® 7 ^  down, bat no concordant 
result® were tolly obtained, tofttettm' Of m  m m  Ml 280 
being obtained in m m m m l m  ran®, to. yields, beside®. being 
inconsistent, were- not strictly comparable with those in wfciefc
no caustic had been i M M . . mwt h*n«« the wmmu ri<%»ti »w «n»o'..Wfv̂ - rj.-̂vs w ^ ■ * w »«wu* f f p “*ePWT<peip̂ wg 'weepeHpewwp ewew eiFŵ ewp*1*1' *mwpw® Wrsevp®!® w#mp

abandoned t o  .ptoedto III strictly followed daseepb t o  , 
t o  substitution of ouprio tot t o  cuprous.

On addition of pore, ohlor 4i»»oaii» acetate eolution  ̂
to t o  ouprio bromide solution, nitrogen ie slowly ©voivSft 
t o  t o  yellow salt change® to a floetoto tote-to®, on 
©tending t o  t o  t o w  with fw*pant stirring, if ter letting 
•tto for sevens! more t o m ,  or better over night or m m  ,
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tsqpssftturs* the soltttion is sterna distilled. Mills nitro* ' 
gon is given off on warming in contrast to the replaosmsnt
fttOVAt iil wHinh nKlftyltia w%@ substituted.

. On purification, tb® product erystalXlss* 4a both 
oases in htsgs pure white needles at plates, beautifully 
faceted intemisXly and of tan ofst five M B t i m t m  ions*

DlasoUssd bromemiXiii® on sdditlMi to eupric abloride 
solution react® very slowly# Out after throe hours changes 
figvm the dcea yftiiiw  aii»«nwiii»> aalt to a ll^ht ©ream colored4|̂ .Mt'W9W* WWWWVÎpF IrWwWW wKW l̂ <ePWr*#*e .*■*»■*■ wpw***̂  W* W  W"* WPWAWpPww »**•** W iH fw  WIPWW

floeeulont product. On steam distillation nitrogen is evolved 
xaoidlv as the soXutlon is Seated* th*> product ******* over with 
s deep ytUtv oolor, tthsnyellow:,iiapuri ty* probably an am-am* 
pimd, is removed on sashing with aXteXi, the yellow color 
oimytging to a deeo red atid easily dissoivinn in the *ik«n.A«e 
solution* Colorloso naya "̂ vnrntiM twOmnmavt* mmmmimm*

"nee red «iirwt iw* solution on ava&eratien to drvnsaepb B̂Bwypww wbbbw bw w * ejBF WF̂w sfbWwvww* "P̂ pes wpewesaw

and acidification with hydrochloric acid, again regains tho 
yaXXow color and possesses a distinctly Phenolic odor* As the 
flNttdi did not essoeed a few a u m »»*>»»« it 'waa not further- W"W*̂ePWWP*P UI« H*| ’WW HP** W ** l" •- V 'W*"' 1̂ pw  ^̂PIP*IPP1iP*»|PBMpw “ •̂*PP*Pr W|* “ *P 'SpP-PP •■ PP W *P «»W w"Ŵ**P

inveutigPted.
A sraotioaXXv olear le on stlrrin«

€m v two hours a mixture of dfea' brom aoetate mie
pric hronid solntlmis* litrogea is eroXred <m teting as hefore 
end the para dibn^henaeue a team diatiXXe ©a pure white needXee. 
^out four hours m m  required for stoma distillation* meyieXds 
are given in Table If*
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% m m  m m  not be. Uitrodused m % m  < m w U  salts* 
wtUm to too instability or aoi»»*3cietettes of eupri© Iodide.

When tbs psooeduve using bet stasis aolutiono was tried, 
considerable enstsxiis of i w  ©oqpsuiids .were fomad, tbs pro* 
tost m  mtmm diatillaUon coming owes s' deep yellow, tbs 
eolor being Ysneved by sashing with eXSmlie, turning s* be­
fore i dees red tm of the alkalis. tar
is els© formed and tbs yields fail around XQ$ m nets in ease
f ff  ■ b#t-S tbft n||̂ |. ;%|fffM[| ffâ  ;

She pnnaihiiity that tbs native agent'
in tbs ssysts salt reĵ fMBSRient might be a Slight eswwoS Of 

aelt formed Inf reduction t? +-*»*» hmmmu, nitfsis »«tw 
present. in sstrwisly dilute solution of ouprio bromide in 
emsntsatsd bytobroaio acid m s  treated with e consider*
' able «©a»t of solid sodium nitrite, nitrous sold m s  eisl* 
vedbtit tbs deep purple oharaoteriatio of ouprio bromide* 
hydrebroi&lo acid solutions «m  net discharged to any eisible 
amount. V.fUeams M  found that euprio bromide and chloride 
are reduced by nitrogen dioxide and tatroxide to bits cuprous 
form but this was by heating in a current of the gas to eever* 
'si hundred degrees, leader tbs conditions of .tbs procedure 
boro used however, an* anouunt of reduction must be very
l i t t le  i f  aittf. w.ptiftul„Wi<r alMHi. .a id afttnMwwtt ft# itnwwittiii. ?#? ■ g bĥis vp̂ b̂v̂ wwbw biw bpb̂ #*v̂ww vnBWrPBW wwewyaPBBr'WiPBamr

salt* usually oxidise very rapidly to tne cuprlc fern, men 
bet ouprio solutions m m  need, whereby the nitrous sold is 
ysistiesUy instancy removed before reaction m m  tabs plaoe, 
a yield sf m $  m m  nevertheless obtained in tbs brains te*
placement.
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tout*
Cos^criaon Qt & m & m t m ®  Sisld Using Qtipsi© © M  Cuprous Salts#

' a yti iivjUr ' Pmm oompomid 
Sbt&iasd CoppStsalt...... used..

Cold Mstfeod .I iio% xtstbod

m 01 O  ci CuCla 57*1 
. 99$38*1

*
47$

a < 3 >  m CuCl 78*0 .
76*0 ■■

68*4
etit66*9

<
. <& ' B » Q s a

43*3 43£41.0
mj.intfftrrrrn itir r .

■
01. »rQ s i  " OuOl

73*9 74$
. -?©*©.

67*8 . 68̂  68.6 _

■ :
f®i O  b* CuBr'4 > ^*S W

i

99$

..̂ ŵ r.

it m  O  »t ouftt ' 84$ ‘ m*$ ‘ ̂  82$' '88*4 <
-

* r O  »VMMar '■ \ CuBrs §f.*i: ; 
■99$..

ft*.*■' . ■ • ■ /
it

80.779*0 e m81.3
78.0 77$ '76*6
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iff

fist tf it ̂blt&9̂£fidk*

SiKt@*» prams of pars chioranilin® sere treated Ur pro* 
•star*. XU* but dsttting the addition of cuprous salt in order , 
to detewlne Wm» yield of halogen # m & m i Httoouf « m M U «  
salt present* %  standing m m  night the Mmwxlm gaapoand 
gm m  © clear solution* Sea® little tony natter eae deposited.
The solution m m  of a light yen©* color. Ob healing*. nitrogen 
mm evolved, the solution turned * deep ©rang*: color and a 
greenish yellow distillate m m  mm* containing much ehlor* 

jailed with greenish color
»iitt«£yâ  to a deeo oraiM® on treaiciant with alkali, the nhloi***■•• ■.jpFfpwwfwwwegp̂lF'**̂ '• ■*' ■*"*> ■̂W’fefT̂Jpr * "inifr pm bp ww *ri"l*wipw F wip1 f * f fwppwpwiwî  * *p-wjw *w w^ppufw ■

phenol dissolved, leaving the para diohloxbeagm a® a ytiUowifeh - 
solid, On drying, the yield Obtained was about two. greas,©* 
about 1 0-1 ^  of theoretical*

Ssjgillii H H h  3tjEU£ifiu& HoUd aft JityHildBfeMa* ' -
©n of either pi****©?- # nanga©©©©, ferrl® Of

cobalt ohlofide* (9iClt,*nCla» fe&a.Ooait,) for the rn& m m  
ealt in procedure ill, no. apparent action M a s  .plane on addition 
mf the dtftffiftntnm acetate solution to the watei Gbloride*hydro* 
chloric acid solution, a clear solution being obtained on eland" 
iwff over nifflhe wham wa oatfilvsi was used. On ate®® distill®* 
Hen, wwoh and'ago compound® ome over* On reaoia*
al of thee# hr previous methods yield® v&rvina fra© 9*lfflS
ware Obtained Of the usra ai mhlrtî iariaiaart*. tt» wumm Tirac*.! natlv 
ae these when no catalyst was used.

Substitution of ferrous chloride* (9*31*1) gate better 
results* the dlaBcniiip. solution css »d**M<*ia to the ferrous
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chloride-hydrochloric acid solution becomes a muddy brown, 
nitrogen is evolved slowly and on standing over night a dear 
orange colored solution is obtained which on steam distilla­
tion gives the. familiar emerald green para dichlorbensene, 
followed by considerable chlorphenol. On purification, the 
'.product remained.* light emerald .green, a yield.of 8*1 grams 
:©r 43$ of the theoretical -being obtained* . ,

In order to determine whether the salts.,noted,.above had 
any influence whatever when added to the diaasonium compound, the 
clear solution obtained with a mixture of ferric chloride and 
diassonium solution on standing over ..night...was then .treated with 
1 / 8 mole of cuprous chloride dissolved In a small amount of 
concentrated hydrochloric acid. On addition# ..nitrogen. was 
■rapidly given off, the familiar; ■Intemasdlaie compound of 
cuprous Qhloride-diazonium compound separated, was let stand 
for two hours and then steam distilled*. A yield of approxi­
mately 70$ of para dichlorbensena was obtained, showing that the 
ferric chloride present hadbutlifctle or no effect on the diet. 
atoni.ua salt avenon standing over night. ..... .

When 15 grams of Qaltermann'a copper powder wae added 
to a eimiliar solution of ferric chloride-diaaonium salt and 
let stand stand over another night, a yield of 78$ of para 
diehlorbenzene was obtained, approximately that obtained if 
a like amount of copper,powder, is added, to a fresh solution, 
a further proof that the fenrle chloride le without Influence 
on the diasonium solution.
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dnullantlfln̂ jthnJMandnadl«A Method MJffim.
Amines..

.• The standardized method of procedure III was applied in 
the sold to the production of ortho broiî benzoio sold from 
ortho amino-bensoio sold, using l/8 th molar amounts. It was 
found that if the non-voal tile sold product wee filtered off 
after standing for one hour only after addition of the dd&so- 
nium solution, rather than allowing to stand for four hours 
or overnight as recommended in the literature, the ameuntof 
tar present in the produet is very greatly reduced, the tar 
, formation being due to a slower reaction. Altho the crude 
. yield is about o% lower than if let stand longer before fil­
tering off, much .more than this differende is made up toy the 
hotter yield on purification. The usual treatment with animal 
.charcoal was unnecessary. The slowness of the tar formation 
was noted thruout all the runs, the largest amount being 
formed during heating preliminary to and during th® steam dis­
tillation. The tar does not interfere however in ease the 
product is volatile with steam. Trial nine, were early made 
.filtering off the dichlorbenaene without steam distillation, 
hut even,if filtered off without allowing to stand long, the 
jTOduet eostaine considerable tar whtoh is almost impossible 
to remove without direct distillation. The steam distillation 
le therefore dlsdr^able with volatile products except in the 
peie of the eyanid introduction, where .the long helling in 
the acid solution causes considerable of the aitrils to he
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hydrolyzed t# corresponding add* which in most ©as®# is 
non* volatile. tireoi filtration Is hence recommended in cnee 
•©f a nitric* as only a 4d£ yield of para ol3lor*b®nsoi© aiirils 
could to® obtained whan tha product was
tillation, much of the nonvolatile acid remaining nixed with 
the tar after steam distillation.

I*. After several procedures were tried., With a view of 
obtaining the toest conditions for a uniform method, the use 
«4 C.8f# acetic acid for formation of -t)uh4H£s*:.**it was, found 
.preferable to the use of mineral acids* Oomplete diazotisa- 
it on m s  easily secured in most oases toy this method* since .. 
not only ere mat. acetate salts soluble, tout -the concentra­
ted acetic acid Itself has a considerable organic solvent 
power. . The standardized method as recommended may to® applied 
without concentration or condition changes to the introduc­
tion .of chlorine* bromine or iodine into the amine desired.

XI. the .percentage yields do .-not 
standardized method from those using mineral acids, a 71%  
average yield toeing obtained toy the standardized method 
against §0$ for theprocedure using halogen aside and ?s£ 
for that of the aoid sulfate* (fable I, page 56.)

XXI. Chlorine, bromine or iodine introduced into 
..the three para halogen amines toy the standardised method

practically Identical average yields when the diazonlum
. v  ■ ■ . . .

salt is added to a cold cuprous solution below |°0 . or
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when added to a cuprous solution at 100°C,. The average yield 
for nine replacements at 5® is 76^ as compared with 74$ if the 
r. addition . it. mads at 1 0 0°. The various aonflictlng statements 
in the literature ae to the relative merits of the hot and 
eold methods are thus understood in part at least, the balance 
of favorable yield probably varying more widely with other 
amines. The lower yields notieed in case of the chlorine 
replacements in the hot aa compared to the oeld, (Table X,} 
can probably be explained by Erdmann's decorapostion''temperature.” 
effect, the rapid decomposition of the highly unstable ehlor* 
..lhe*eopper swplexes giving rise to side reactions, largely 
those of tae formation. The character of the tar formed dur* 
img the various replacements differs widely. The plasticity 
varies from a hard, brittle form to a soft pasty oil which 
does not harden noticeably on standing for weeks. The cold 
method sews preferable for purposes of ©i»|ii#|s^:#,,©ot., 
onlybecause of the slightly higher yields, but because the 
entire rsngs of "decomposition temperatures* is covered, 
since the addition is made at 0®C.„ the solution allowed 
to slowly reach room temperature and then heated to boil*
, Ing. when steam distilled, The actual molecular influence 
.of the wine itself is probably thus more a factor in the 
cold than in the hot method, since in the latter the 
pound !• necessarily formed' and decomposed at the same .high 
temperature..

Examination of Table X, page 56, shows that when 
chlorine, bromine and iodine are introduced into the *wt
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para halogen amine in the cold, in all throe sets of replace­
ments the percentage yields are in the order Br^ 1 7 SI. 
the variations Between the two extremes are slight howeves,

•: -wss;- >-;■

the largest Being 14* in the ease of para iodoaniline. the
'r;< . esame replacements at 1 0 0 glees .the. ratio,®r£.I><&, the 
■two extremes Being again 14*. the average yields in. the two 
eases, as shewn By the table, (page 8 6 ,) ate*,,:.

Bromine introduced 82# £2 cold, 77* hot* .
totted; v: : • 74* 4 4  • , 70*«t$. * .
(ferine . • . 71* • , 68* & * •
1?* Variation el tBe halogen present in ..the neoleus 

apparently has hut elicit influence upon tbs . yield . of the ' 
group introduced in the case of the three para monohalogen 

v. amines. The slight 4eriations.noted apparently follow so 
consistent order and are of too slight an amount .to war* 
rant, any conclusions* fh® average yield for the .three re* ■ 
placements is very uniform in all three set#* a® shown hy 
the following Tahle V, which embodies data from Table I*

Amine. Average of 01, Br, and X yields.

> . .®are Chioranilin Cl-Cl 76 Br*ci 84 7731 
l-si 71

68
8 8  77* 81

fare Brenaaiiine Br-Sl 74 Bf-sr 80 7831 Br*l 78
0877 74*78

Fere iodoaniline i-<a 67 .
I-ir si 78* 
1-1 78

.., ' 67,73 72* 
78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



?• ortho m U  m m m XUm  mm wm
aarkably lower yislde mm Vm par®, m itxm m rn mm m m  ...: 

Urn y ltia *  m m  mmrntm tm  poattt&o im » in  pwitiQmUm*
The ortho ooRpotmd glvoo a percentage yioid of Oroia-chXor 
iMOpno oiooe to the ratio of lr> 0 1  in the para
replacements, the proportion.?© IpCl-ca,} % ©4 IpOHr) u  
4§ C«Ci*<a) I ©Oi-Br reQUirihe a yield of of ortho «Mto*» 
* M b « u M M  Bgoinst 8#  obeonmd*, fbo mot® ©os^ound# ©ltfco 
glfing « yield of ®otft dliftleitMRMfK pXBOUOotty the n m
a m  t h o  o r t h o ,  g i v e s  £  w i e l d ,  1© *M #-'OPMHP- " <"OPIMMMP . W|rS* P̂WPNIpP-e. graMF V̂-eVWiP wi • w® <i|p

tlMMt the dichlor, 3©^ Cl*Sr ftgaioet 49^ for GK&. The
% aw nv  w t m lA m in OB.0'fi Of Omi nwtiin «t«wt «aat*fe« fimnnrmnftPt a»n<»

mt hms® he entirely attributed to their li<pid efcaraotlKr. 
or to t«*p«i*teo’ footers, s4n§#. i« both oaoea the haariar 
lt#fmtiilifc wfiBMld mtwnl'w oAm at; tfon &ihMtiP yield*, » -/AMO ensî seNPwep mm wegpee**®™̂w» wpa**wPBWi of •: WyŵwKt ’8PiB»|r BSpoa w w  - êwaww ©jparWPww'.viFWiP'w -wp weevwŵ

while the eiwtrary is noted in caae of the. ®stir ohl0 fofcr6ia!» 
iNSieons* |f.y| ̂ ©tum  ̂ ortho' ̂*|M̂ >mii,*d whieh
■usually roosts more ttopfffty !■.-§■ fot the para -

ftk ft* % m  of an PRina containing a positive nitro 
emmyn in ol&ae Of th® JMtttlfA foai Sanaa:' xmmin* lOtmlmla III*
1 % jtof ^JA ill tteMt# % 4 ifcAlt Mfc J j |^ P i.y»0h- • j |# | ' if^l 1̂
. f  flp4ô  wa* m op toinptip̂  4ip̂ n̂nonnoĤ t loî twwiwup 4̂̂00*

gbo pain r̂ pifitMWWfMiitB t sinoo * a 7*3̂  nf tOT^<yWI,iyfifMtff1ooifti* 
yield is OO^iziod « M  a nitro-broabenseee yield, 
th« latter %%im ali^ly M.#»sr than that of the di* 
haogen oorreaponding. The ortho and meta ooa?>ouado ere 
flolid in oootreet to tho ortho and mete dihaloSen ooi^ouodo, 
and this isay partly eooount for the le®» rasmrlcable drop
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to yield* but M m  ais© toe mim drop® to a yia,
to too etAostos roptodiRMit* Sontiirdi 80 state® that toi® ie
(MjbflM.v A m  tO tlia ^ m | | |  >t o M litii» mg thi OOIMHf OOCXPlftX 
salt Of USt®. nl feg»*Wll n«rmiiia ̂ fttrtnmmA*

*W|̂  of bffoetoft $;ft© mctfe1 Uitf® ©I®©*
pound ̂ 1 vos a remarkably different result toantoe note tota*» 
enilino, ©tpe# the yield Jtppi up frost 8Sf£ for tli® oJ3lox,*»nitziOa* 
bensens to V435 for to® br oani tro-toenaane* while ins to ©hlor*
»niiinn sires ft droo from 49^ for to® iifit.«»i**ii reolaeenent to 
W$ tm toat or brraaine. mis effeot may to attrifcited to sem© 
©stent at least to tto ttMgs. to polarity* too ©toer fastest 
■net enter, ©too©' toe order Br > ca still told® for toe ortho 
« ©  Dfiia riti.ic»*iifli-M» . Wn» nraaenc© Of Wftwtwil rintw
s u m a t  footers is evident toruoui toe ©Hole series of repis©** 
Usuis* since no ««tmMwmi,. tni» ««ihmw» to hold axcaot that to ail -alp̂ WrP'* ■ 'PWPPWw wPp SflpVWWŵŴ̂  P®̂|P©(PPPPP*P V!w • WBWŴWWPJHF .W 1 pFW®#*9p e. ©iWr̂' "W*e®̂ P̂

©HSUS the para ©wound gives toe highset yield of toe eerie®.
■ fll-t- fablo Mf toe results ©s**toe®. vrtKaai auoric

suite are substitoted for ouprous* oosfi«w to e owiderabl# 
degree too i t i t m t  of A.contnrdi m  tost toe yield in tois 
mm  Is  prsotioally toe mm as to too ordinary Sandzasysr, 
tod to sto© oases better, me totroduotito of ohlortoe tots 
,9m  halogen anilines by. tois m tM §m®mmt gives yields 
ff 30*3C^ loser toto toe oorreapondtog salt replsoement*
.©Itootoe brosttoe replaoaaants are b n  4*6^ nigher.
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78#

The theories of mechanism for the SEndmeyar reaction inrol- 
ving the oxidation and reduction of cuprous salts must hence 
he abandoned as untenable in view of the above, or a differ* 
out mehanism he assumed to take place in the two oases.

The substitution of nickel, ferric, cohalt or manganese 
chlorides in place of cuprous chloride gives approximately 
the same yields as when no catalyst at all is used, while 
ferrous chloride gave yields hut little lower than the ouprie 
salt# The difference in behavior between the salts may poe- 
sihly he attributed to the greater ease of oxidation and 
.reduction of fo4 4 than Mi**or .0©4 4 eve» tho the latter are.; 
nearer copper in the periodic system. The non*action of 
■ferric salts seme difficult to explain in flow of the - 
success obtained with ouprie- salts and further investigation 
should be made on this point.

. The green color often noticed in ocaEpounds forr.ad by 
the Sandmeyer reaction is dndoubtedly due, as Holloman has 
stated, to nitroso or other reduced nitre compounds for 
the following reasons. The color is only noticed only 
in the presence of cuprous and ferrous solutions, which pos* 
sees considerable reducing power, and is not noticed in the 
presence of the divalent cupric aoltions,or in the presence 
M  hy dr iodic sold which reacts with any free nitrous acid 
present. The color is also absent in all cases where the 
-reaction is conducted hot and any nitrous add hence instant* 
ly removed by decomposition and volatilization.

MX tho the formation of more or less tar was noticed in
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•every preparation, the amount was very small in those runs 
Ik which no catalyst ©r those giving the same yields, (Co,Hi, 
etc.,) were used, the major product in these oases being 
phenols, together with aao compound. By the method of pur* 
iXicfttion used, the diphenyl compounds if fomed remained 
with the tar, and in many cases could be observed crystal!!** 
ing out <ln'SMilX crystals on the surface of the tar if spread 
out on filter paper,whereby most of the tarry matter ia ib* 
sorbed. In all oases, however, the tar formation is a much . 
slower reaction than the desired one and hence the product 
sought can be largely filtered off previous to the tar sop* 
oration if insoluble* the tar in such a case will then depo­
sit slowly in the discarded filtrate. When steam distillation 
is used as the method of separation, the deposition of ter is 
hastened during the heating preliminary to and during the 
steam distillation, but in this case does not interfere 
since it is non*volatile and is left in the distillation flask 
It is recommended that non* volatile comp out ids be filtered 
d£f -.wore rapidly than recommended in the literature, win®# 
the tar contamination is time greatly reduced even if the 
yield is slightly lower*

Since the tar formation is apparently a slower reac* 
tion, it possibly may arise from the polymerisation of a 
second variety of complex copper or other matallic salt, 
simlliar in fora to the second variety of complex salt sug­
gested by Haller 3$. The shit would differ from that of Heller 
however in that it is apparently more soluble than the easily
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??*

ii@mpGM.ll0 * normal Siindiieysr intermediate* tout rssestoiiog 
It In toeing taw® further study 1® n®«dei on Hi® point
Hvififi Before a definite statenent m m  1 « made.

A standardised method of procedure for Us asndaeyer . 
r m o U m  Imo 1 ® m  developed end oan to© applied without ‘m m  
o m t m t i m  Change* for the introduction of chlorine# bromine 
or Iodine into any 'amine desired*

Using this standardised procedure# a large number of mini 
have been mad® and the following general ̂ aonolusions drawn*

I. ftm yields do not differ widely if the reaction ie 
carried out at 0 °G. or at 1 0 0°C*# at least in the case of. 
th® para halogen main®#*

1 1 * fhs peroentag* yields of the disufeatltuted deriri* 
Minis whan halogen' is introduced into ortho* mate - and pare 
halogen aniline or 'i& M iittta #  are 'in  the order of Bri?2><3X* 
except in M s  oast, of met* ohloranilina* where <& > Br,

211# In par® halogen amines at least* the Gbaraoter of 
the halogen atom present in the iiseioua show# hut little dif* 
f arena® in influence *mnn »>m* entrance of a aeeond Haifia»afi'
atm* irraspsoMv® of whether it he ohlorine, bromine or iodin®.

IV# N*hf» oeroMtane yield® a®***** either bromine or 
are introduced into both  ̂®f$i§ mononiiBG ©re
in M s  order ?r-ra> Ortho >Meta.
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V. Para nitro-aniline® give approximately the same yields 
as para halogen anilines, hut the ortho and mete yields are 
Considerably higher, altho in the ewe order of Para>0ril*e>

' ft. Cuprie salts may: he substituted for cuprous salts 
with but slightly lower yields when chlorine is introduced 
and even higher yields than with cuprous Belts when bromine 
is introduced in the case of para halogen amines.

ftt* Substitution of Hickel, Cobalt, Ferric, or Manganese 
salts for Cuprous salts, .gives yields only of the samS order , 
as If no ostalyst is used, while ferrous iron glvesbut .slight- 

• .Ip lower yielde for the chlorine Introduotion than do ouprie
m u .

YX11. The tar formation almost uniTersely accompanying 
■ the Sandmeyer reaction has been found to be the result of.

slower reaction than .the. normal .one-. Suggested modifications 
have been made to prevent contamination of the pure product 
by remove! before the tar formation takes place. ;

IX. From the data found,' 'and the apparent lack of any 
. consistent order by which it may be interpreted, the conclu­
sions offered by Holler, Irdtaamn, and others seem true in 
that the Sandaeyer reaction cannot be regarded as that of 
a single reaction, but rather as the result of several con­
current or simultaneous reaationsof varied velocity and 
mechanism.
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