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b 3?AKEAKEI&A?I&E OF THE SANDMEYER ﬂﬁﬁﬂ?lﬂﬁ, WITH
SPECIAL APPLICATIONS,

xntxaduatinn.

. ﬁhiu reauarah is &n attempt to atandardiaa the Sande
_meyer reaction and to meke special applications of the stan-
;z,‘awai.md method to certain compounds. |

A thorough study of the vmlmmua litersture ‘relating
mtha Sendmeyer reeotbon nesesssrily: presedes W attempt to
§%avu£np Y stendardized method, that zs\tn aaccrtain by experi=
fégmm, uniform conditions under which the rection might be ap~
§pi£ad/ganarai1y. Acoordingly, this thaais naturully divides
| teelf into three parts. . .
 vﬁ2urt Ads a hiataricnl anﬂ thanratiaa& revi«w of the
indmeyer reaction, covering some of the more important work
one in this widely at#d&ad i&p&d‘hy several invantigutora,
o - Part B is e report on the preliminary experzmaata which
wf toe atammima method of prooedure. ‘
| Pwt C gives the results obtained by using the stan-
jmm mothod and the veriations resulting when ether selts
5‘1Q°subnt1tut¢d for the more commonly used ouprous aalts.
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m’ﬁ A+ Historicel end Theoretiosld,

One of the most ueeful replacement resotions of synthetio
Z?ﬁmmtz chemistyy is that cmmm by the nems of Sandmeyer.
ti'mmw ammm 16541922, ) By use of ma mnm,m&r
ﬁmn discovered that the amino group of en sromatic emine
w be repleosed by sny one of & groat pumber of mupm 8ince
the amino group is essily obteined by reduction of a nitro
_group, and the latter cen bda introduced into the srcmatic
mxm by direct thmm, mspy compounds can be prepared
Mﬁmeﬁy thru use of the Sandmeyer resction in a high state

of purity very diffucult to secuze by any mere direct msans.
| The firet essentisl step in the Sendmeyer reaction is
| fhe conversion of the amino group into the dissonium group.
fim- e proper understanding of this resotion, some of the
properties and resotions of diasc end diasonium salts should
therefore be understood thoroughly insofsr ss they are really
| Tue discovery of diamo Gompounds is usually sttributed
 Johann Poter Griess 4 who £4rst prepared them in 1898, ale
w sarlier work hed been done. |

, um in m xm that MWWMa mm wap eanily
».!«mrwa into melic aoid by trestment with mwma aid,
_the anino group being replaced by the hydroxyl group
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Hant in the same year showed that sniline cauld eimil&arly
Wihvartad into phenol.. In 1853 Gerlend g preparad hydroxye
‘bensoic acid from emino benzoic acid and observed the formation
; f & red intermediate product whieh 1neraaned in amount if

0034 dilute solutions were used. The red substance proved
80 unstable, however, that Gerland was unsble to secure con-

}généant analyses and dropped further work.

kk  kxhlhe 3 under whom Gerlend had been working, suggested
%o Griesu_thalfurthsr inw@stigation of this action ai nitrous
g%&iﬁiqn amines at low temperatures, Gxtasn,aanﬁ prepared
ﬁ@mny~p£ the compounds. Analyses of the compounds showed the
; iﬁﬁén¢e of two atoms of nitrogen which Griess considered
hed replaced two atoms of nuclesr hydrogen. He therefore
fjsa#u the name "Diazo® to the new claes.

‘k The new compounds were only stable at low temperaturaa,
f&gna were fuund highly raaat&va, not only in easily splitting
ﬁﬁaxr nitrogen. but also in raasting with various subatences
5¢ﬁaah.aa phehols, often giving rise to brilliantly colored
g;ﬁﬂﬁﬂﬂundﬁ *hi@h dyed aniiel fabrics directly. The azo dyes

a thus intraduaad. : , |
Continuing his reaaarchaa. Griess g soon found many

;ethar resctions peaaible. From the easily yrapare& nitrate

 ¢h1orides. auriehlﬁridqa“ana others were made.

. By treating diazobenzene bromide in ethereal kalun
;ﬁ%@a with bromine, the perbromide CaHeNgBry was obtained.
§§§iﬁ on addition of emmonia gave a aubatanﬁe~eeata$uins'
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6.

hyes etoms Of nitrogen, Caligls, (diesobenzensimide), By
restiment with alkalies, vericus metellic diaso compounds

 , d ve prepared and converted into silver, wWeroury and
W srlts.

- Frapmmmm of Diaazo @mmmdm

: mm nmay methods of prm:mg amw compounds have
et suggested, only two of thess ere used to emy sxtent.
By fer the most. useful of the two is the eddition of mdw
f‘_mmm to & solution of the emine sslt cm'mmm ex0608 |
_s0id to liberste the nitrous eoid in presénce of the eniline
4. In the mupamﬁm of dry dimso compounde, slmost necese
11y from stheresd solution resgents, emyl nitrite is often
‘ In specie) onses barium nitrite, pitvosyl hrwma or
ohloride, end nitrosulphonic eoid have been used,

~ Tue to (1) the grent instebility end explosivensss of e
mm mﬁ.m, {2) the feot that thn compound 18 ummuy
nly desired es en intermediate atep in the preparstion of
Wr compound, end (3) .the. y&a‘m undes proper mmm
prectically qnwt&%uw; ‘ma mwm are amuy

ved in solution m twed &&mﬂy wmhwa ammxm of
m‘kama ary mn w arsr diaze compuund

ﬁ may nttan mz.ada sxf‘wl' Mm yesrs atwm mg
nnde  investigations as to the explosion temperatures of var-
4 a&amn amm. One as low as we M mtmnxzy namely

 %“ of pare nith bensene mm;m mmw. ‘Those cone
Bing nitro groups are in genersl more explosive, while

ffﬁi%m% selts are move explosive than the mmapmmg
orides or sulfates.
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. The procodure uwa n!mimtu mﬂ%ms amw m dlesol
jijjl';j” the smine %o be diesotized in soveral parte of water
- o ining at leest en equivelent of the seid of the salt |
_desired, hest being used if necsseezy %o effect solution.
_ The svlution thus obteined is then oooled to 0=5% G, an
fi;;,mt of ice sdded direotly to the solution, {daiazotigation
m&m an exothermic reaction,) end one to two mors equivalents
of sold added. A cold solution of sodium nitrite slightly in
~emoese of the theoretical amount is then sdded with vigorous
stirring.sufficiant nitrite should be added to give & good
_¥esction for fres nitrous acid with steroheiodide peper after
: mmﬁm has beon well stirred for several mm sfter
mplete eddition, In same onses thers is & grest tendency
erd formation of dissoeaming &Qﬂ%uww, as in gsse of
o myhﬁh.ﬂmﬁu or pare nitraniline. Here the diszo oompound
}iﬁm«m vith tae unchanged emine selt as follows:

/ ,amwsiamm

e waan woRs AV aB we Vel mmnwwme ons Of
: w nitrite very repidiy to the mumm ammmw 'S
neidereble excess of eoid, Often the nitrite solution is
Aously scidified end then sdded all at onde tb the
‘&mine in order to secure very repid diasotisation end thus
};f;ymma the side resction. The tendancy towsrd dissoeamin
fomation inoreases if organio ecids dre used, sleven equie
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In those cases where both the aniline salt and the diazo
““ﬁmaaunﬁ rczmad are insoluble, apec&al mathnds must be used
;&u aacura aampleta d&aaetisatiaa. ena math»d,am@leyad is to

gaanva considersble excess of nitrous soid with very cold solus
;tsann undax pressure to prevent escape of the nitrous acid,
;ﬁat Af the emine selt ie in e finely divided form, excess
{nxﬁgaua>aazﬁ &dded,alauiy. and the solution stirred for a
onsiderable length of time, complete reaction is usually
;uaaurnﬁ;‘ia'apita‘af the theareﬁiaa& dﬁngér'ét aﬁating over
ftha nmahangad smine salt with insoluble diaso aempnuaa and thus
'mwaémmiﬁg complete conversion impossible, ;

' Muoh. diffuoulty is often experienced in the é&iazetimtim
fﬁt auhatitutaa amines sqntu&mins s number af acidie sﬁoupa.
;@g;arge excess of aaié'haxngjneeaad, the use of nitroayl

;e ﬂaxxaa or sulphonic acid even may be required.

auaandamy reactions may often ocour when substances con-
;t@ining more than one amino group are treated with nitrous
;ggag‘ﬁwithﬁtharyraauatxan of azimino, azﬁ,aad_niﬁrcaa com=
%&@ﬁaﬁa»,und&x,gnnpuxwnanﬁ&t&gnaxhamawer;itwaraﬂd even three
“"1,arhuynbaan:hﬁwﬁiaﬁﬁtiagﬁ,1n.ﬁha-swmanpgmpaundas proe
A steric influences da not 1nt¢:£g?a; Usually aklarga
,gxn#aa of nitrous ecid and vuxy dilute aalut&em» are

fruquireé‘. |

B $ha«vn&aai&y~¢t.d£aaazzaatinn,$s very great under ore

‘dinary conditions. Hantzsch and Schumenn 4 by working with

jgfgﬁaa golutions, ueing colorimetric methods of aattmatins

;%ha nitrous soid, found that 1n presence of excess acid the
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gate of disgotization of eniline, pers toluidine, pare beem
MMmmamumamnmmwmw
miliar oonditions, the rates increasing with a tempersture
_wise. The reaction wes found to be of the second order, and
aonstents for the squetion |
x
Ms& - X )

~wers 0,036 for anilinme, 0.038 for pare ‘toluidine end 0.049
for pars brom aniline in ¥/yg00 solutions in pmmm of one
_molesule of free acid at 0°C. Sohumann, by nessuremsnts of
the fall of slectrioal conductivity during diesotisetion,
_eonfirmed the work of Hantsech in concluding that sll aroe
;:‘mﬁm enines are dlszotized at epproximately the scme rate.s
L Gonstitution of Diszo Compounds:
Much contpoversy es to the constitution of dieso come
?~mm hes filled the litersture. Endless confusion wes pre=
_gent until a partisl clearing up of the diffuculty was brot
sbout by the seperation of the true disso sslts from the

Jagonium compounds, but the constitution of the latter dces
)% even yot eppesr to be settled satisfactorily.
e Griess g early assigned the formula ColysNg-HN0, to
;iammm bensens nitrate, the two atoms of m&mm being
m an baving substituted two atoms of hy:

| rdance w&t& Ma mm. since in
;m mlwmm of tm group o mm‘wﬁmwa product wen
sbtained. Ho sdvanced the formuls CyHsNeNeBOg for the same

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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selt. Tiis type formula held tne field for over thirty years,
m discovery of the isomeric mtmm diaso salts led
*w m ‘replscement w Blomatrend’ s mmu for the trus die
asonium salte. Toe Kekule formila gave the struotures:

Free dlazcbenuene CglyNeNOH |

Dingobensene sulfate CeligBeN«1S0,

Dissobensene platinichloride (a,n,mmmau

- Disgosminobengens @,&mma,

‘Diago perbromide CyHyNeNBry o
em Mm mnp thus wee ammd to play the part of a base
snslogous to emmonia,
_ Blomstrand in 1869, and later independently Strecher o
‘and Brlenmeyer 4o assigned the formila c,n,m to the salt,
é‘;mﬂmman&mwmmmmry o ' mwm
mm. Altho the tamm wen at first amm, it follows
:I.y from the emine selt mtlmut velence mmn

c,a&-m, . aﬁa.guowm. * ane

’ m xma :nmm muzm e mmy mm in the

Q@%&Wl 4

| ‘Blomstrend mzzm pointed mt mt m samt inatebile
"s.w :af the selts m pmbabs.y due sa the unususl replacement
three atoms ax“ by m a!‘ n&tm md mt the
at difference in hmﬂm of the mm'm. mma

min, nztwgm am a: m 830 amma aum ba ﬁtm &
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‘The ohief reason for the hesitation in af@baﬁtﬁﬂo‘a of
;%Mm Blamstrmnd formula in place of the Kekule was due to '
Ltha fact that it apparently could not explain the formation
éﬂf phenylhydrazine by simple reduction of a diszo sait, »
;?taation discovered by E.Fischer in 1875.;;

a,,a.f@m ¢ 4R s ean,genua;.

Hy
ﬁ;a . :

The formula . gmen for phmy&hydmama hmrmg heen proven
~aerrect. The Blamstrnnﬁ formula by the mbavn equation apparents
:zy raq&trea the aaaumptian that the pentavalent nitrogen

”uw } es to trivalent end the trivalent to pentavelent.
%&hia haa h&an explainad by Blamatrana s3 o8 follows:
»GQ{I‘;(‘%*QX | * ‘m‘ = ﬁ@}l,,guﬁﬁa - G‘%ﬁ"f}?
 g‘ R *Eﬂl ~
Bamberger, g aidaé by the work @f'?bn Pechman and O,
f?&aehar. drew the consclusion that éi&a@t&&ation involves
gauvexal atapa,hw | 4 | |
(1) The firet product formed 13 a nztraaamina.~
- CeHgNHg ¢ Haﬁa = G,HQHBBG
(a} The erdina:y diezo compound peuaezs&ng the Kﬁkula
structure ar&aaa by rearransemant cf this.
GgHgNHNO . =  CgHpN=NOH ~
yiaﬁhurgcr‘fxnda u@nfirmatieu-efjthig\in\#batsﬁﬂ%‘ﬂetg_Qﬁﬁ#&ﬁallic
iﬁh exist, of which one, thak‘iaa‘aaltn',‘ﬁﬁﬁs not couple
vwith phenols and is tranatered into the normal diazo ualta

ihw'miaoxal acid. CpHsNKNO = CqHgN=NOK
fso-diado diazo.
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In 3,8@4 Hantasoh,, introduced the mw Ahet the ieo~
# an ammﬁs were snslogous to¢ the isomeric oximee,

 CeRe¥ - Cgligh
ayumamm . Antiediago

;;m mmm mlm’n and mw muw 4iaso compounds -

;wm mmiw the "ayn" form, while the ":Mﬁ" 'm #wmﬂa

yr Bemberger were x&vm t&m "umu* fmﬁ

N axmmmwmunmmmahwﬁmm |
reve prepered and meny theories efﬁ'wg :meumn Telther,

hl, Dodie snd mmm mm Robertson, se well as

‘?!im«mw. mmm. ?cm @mm,m mmm mtwwe into

W ammw ' ‘

. mwvem yet a somplete mmb hes not been nmm.

. mt B mmal mrmwu adopted. 45 |

| m M&d aalts or m Maum wmm wmmpm m

yo mm bensvior and eleotrical conductivity with the

I&XW to m&m.
o mmammmmgamwtanmmue "
mﬂ wmw uﬂh the name “"diaso”. “The swu tam are

'WWW%@MMW%&. sa in the sbove
sa&mhymtam
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Gain in 1907 pointed out thet sltho there are no other
f;m;tm of atnaly linked nitrogen being otherwise then firue
,,;t'l#,_a&tkwm to the bensens neoleus, the most striking charage
tw , mpounds 1s the reediness with whioh
m whale of w nitrogen iz eliminated. Osin further pointed
}lmt et in the case of doubly linked nitrogen, the nitrogen
is %auy eliminated, es in the cese of quinons ohlorimide,
Om0gHywN-01, which mplita off nitrogen et 100°C. By analo~
W‘W thie end other exsmples, ho nssigns & quinonoid struce
tare to the Mammmwm, ot |

er-n= Oy

m fm‘k ia thus mxmm that only one emino gm» in sudh

ewm 88 pare phenylene diemine is easily diasotized, the

straso compound being formed with diffuculty. The structure!

- NSyl | |

;,MM an amine group amm m & carbon atom all the afe

:,;tw&t&w of which are fully sstisfhed would display no ten
_,w form s second diazo group. Bensidens however, under

~ =S¢l
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‘group can be dlasotized, beonuse the pars linkage in presenge
of the a0idic group is teo stable to be ruptured. Sinde not
only a pera, but two ortho linksges ore also possible, it
ms been suggested that s dysnamic equilibrium of pera quis
;mnid and the two ortho quinonoid phases mey exist.,s

The {mm formule does not seem %o have recsived the
‘attention 1¢ Geaawae. but facts and mm&m gited show that
more work must be done on the whole subjeot vefore the atmsa
m of tha ﬁmmiw mam is fdly settled,

Reactions of the zszma Compounds.

Sinoe the maum of the dieazo cmm» are m
‘numercus, only those which take plece with the elimination
}@x the diescnium nitrogen will be considered except such cthers
‘a8 may teke plagce concomitantly with the Sendmayer resation.
The important reaction that led Griees to the diacovery
of ﬂm diaso compounds has elredy bveen mti.m, m the
'mm"m% of the X group by o Ww:- group, eaaily
M place m honting the diasonium selt with water, dilute
s ¢ or other minsrel scid: |
- MM‘ 4+ He0 Hm‘bﬂg‘tm&@;,
im m ordinary pwwdum. the emine is diagotised in pw
’mma at en excess of mineral acid and m heated to bolling
aﬂm:r direotly or b;r introduction of steam, untild numm
iﬂmutim has amaam In some sasos the dlasonium solution tn
#dded slowly to & wuwg msa xamum cmxm ar the une
nged mmm campound often coours with the phenol ee
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"m, smw:ma aso dyed rather than the Wﬂ phenol.

._,fﬁ' mﬂim :.nmwmg sn mmum m alw mu 91@&.

" m astion M axemm m mmﬁ« m.» umpmuﬁa L I

tudied by Oriess, who found two Feactions possible

e case of the higher aléohols, aryl hytrocasbons

Guced, the eloohel ‘being stml ten ,,re‘du?edA '

£ m,m + a,a,wx . AvH 4 CaHaCHO 4 m » s,

w variations in the temperaturs, ‘and espeoielly under the

tm@maw EMMW substitients and use of lower

0l8, am&temmm may teke plege. | |

o ATBgML 4 CoHu0H = ArOCeH, + Ng 4+ HO)L |

Kucing egents such ae stannous ohloride produce the s
earbon in presence of oupric sulfate. FT

m obgseryation was sleo m ﬂm& on mum & diazge
u&m 821t with concentrated wmmmw 00id & ohlore derive
iﬁm is. &wamnmmm. WQWMnm
mount. The ,VMM of m bromine compound

mumnmmmm Zm%humby%w a
ation of & 1itthe more thet the theorsticslly required

it of sodium or potessiun fodide to the dimzonium sufate

mutzm ocontaining fres acid, a good yield of m 10do de~

rxuﬂw 48 obteined. | BTN

3 ‘Griess found the chlorine m wmm replacement: to
 move succeseful if the dry pletinic helegen cempoumd of

dingonium selt is heated with ten parts of sodium hydroms
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‘mmamm; + BaOH = GgHsGl + Pt + Ghg ¢ By

. The ﬁammt Remotion.

A waoh movre convenient sand more ﬂm: m&mnhh
,};ymmu for the ruplmmmt of the d&umiw gm L
;‘;ﬁs@muma by Treugot Ssndmeyer in 1884.4y
. In endesvoring to prepare phenylacetylene, Sendmayex
wm ouprous scetylide, imgﬁ;& with benszene Mamm
_ehleride, Wut cbtained chlorbensens rather than the cempound
. The result wes easily proven mm due to Mpmmt
“of ouprous chloride formed with the aoid present rather than
'M the scetylide itself, since ths yield of chiorids wes
_mach higher on repeating the process with cuprous chloride.
_Seversl side resotions took place aleo, aondidersble bensis
m eaulfate, phenol and tarry matter being fommed. By m
Anig o ocold mmm solution to & bolling 10% ouprous chlor-

nd stating thet 4t was probably & catalytic one in wich
4he cuprous salt soted similisrly to ‘eluninium ghloride, vas
‘madiun onloride ete., in other orgenic reactions. The scibon
m thot to be speoific to ouprous selts, ma no yield |
Gould bs obtained by use of either ‘ouprie or ferric onleride.
~ On adaition to te cuprous ehloride, the fomation of &
more or less colored intermediste produst was noticed, which
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L ;at immedistely liberated nitrogen with famﬁm of tm |
wsduat. The intermediate compound amta&nad copper but
8 too unata‘ble far analysis, The ﬂm.awmg reaction was sug-

tad a@ a ymei‘anmyz
gwa o GeHs &
: eum F=Cu=0l = e :
. T gl E = ! »wax = %& w&um. + Mg
samammu in 1850 fmmé. that ‘t.he a&ditwn of very finely
ydrochloric acid

"“med eapper to the diazonium a@lm&m in .
gmé. rapz.aeamema of the swup by chlorine a.f. l.ew tmomﬁures

LS&ndmya&w et first insisted that this was enammw me}
m'raaetion as his own, since the mm&y dividaa oopper was
ubtedly eoated with s film of cuprous oxide, which would
| n the mm aelutim in & my muw to b,ia eupmus ‘salt.

,»Mts.an hes been pmvm beyond. rmmbxa doubt to be not
fﬁhc sane, however, s&me I!am.sz% i’mmﬁ that in the pmyamtﬁ.m
i,a:&' imamtm the. twmmaﬂiw w:.m. take place ua‘&ng népper
';;,;gmaax' in strong eulfuma acid mnx.ut&m under conditions in
ifméh cuprous salts aoum not mnz. 1t was fmé. alm 'by Hellex
% Af certain syn=diaso. amaum%a are treated with. mmun
i"'awae in an mm, mm fr«e aa:wmt, such a8 methyl sulfid,
: ) r&mﬂm will take pxmm wm.la ‘ma aﬁ.ﬁ&t&m M copper pows
der will amw brisk wolut.ton of nitrogen and tha famum of

m halagm compound.. m anpper pﬁ’m&r mﬂm m a8 a. puzm
1 slyst :Ln o manner cartunlar &iﬁ‘mt zm wm of aupmua
ta. wu.h 'ﬂhwh & more or Iasa amla :lntamodiata pz*adncfa is
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sndmeyer, togothor with seversl later werkers, sxtended
mm *wm preparation of meny derivitives, ths desired
(o in & Zow cases, the oxide) being added in

sgnce of the soid containing the group desired. Jood yislds
Dave Baen cbtedned for the Antreduction of byomine,Sodine,
Mwum nitro, oyenate, thicoyanste, selenvoympate, sulfite,
m&‘ and other groups. |

gedure ss most often osrried out consists in

nwmmmsmmmmm eelt, prefershly & solt
wmmwmwmm* to an Lo o0ld, uuw,yma

 scuivalents of the aniline end cuprous selt ere used,

¢Wummmmmmma,nmmmm
‘ﬂm mwammmamtmmmﬂmﬂw
wmmmmmwm&tm mmmmummm
,WwWMamﬂGthpmmMmmma
end oopper otrips Uil the colorless ouprous salt is cbtalns
i% wmmmm&amummmumm

product, the wolution ususlly mm and fosming constderse
iy due to the exvess nitrous »oid and nitvogen evolved. The
‘sclution after mixing and thovo stivwing is then let stend

‘at 7oom tempersture for sevarel hours or over night. The proe
duot 17 volatile is then separated by stesm distillation,sinoe
mc or less tarry matter io ususlly present.If nonsvolatile,
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,ﬂ 18 bast %o heat mmmy before filtering in ovder to
_oumplete decompositiencef the intemsdinte product, which mey
m wmw deoompose even on standing over mt.
 Sandmeyer eavly found that good ylelds oould be cbtaine
;;;_aa,zm only by sdding the dlssotised sedt % & bolling cupsous

m mm mmam mm tm t0 2

tube. 53 Later experience M :m mm that faise
m of dlesotisaticn of & hot solution in presenae of the
ouprous welt doos not give good yleld, very much tarry metter

g formed.

~ Erdmenn in an exhaustive study of the resotion, sa
_pevticulorly cbjeots o this method of diasotisation, end
mm thet by this method the mmmwmm
W m Wm ﬂﬂda s ragosmends the une QIAW muu
wwmmmmmmmm ‘ !

e This Wmaﬁ an Zaotor hed Deen oloo
*m by Sendmayev, but not mmmm. If the resoticn
48 carried out below this tempereture Frdzmenn states that
mmm evolution 48 siow and snocsplete, pert of the
ouprous chloride,
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ary. Erdmenn gives the three following mﬁm L
m.uuw in the decomposition of the diasonium hmam
bensene amm ehloride as m m&&. o
I a,nﬁ,m + H = CoHeOH + x, + oma
11, saagx,a e CuHyCl + Fa |

»‘nx. 20gHsCL + CuCl + :m = casgmwga, 'y xa + cum,

Resotion one is ocsused by mmmum of the a&amim :
;m& befors tha cuprous mman pmmam form, This goours
%aat emy when the amim ie mauam in ymm of the
m&, Wt a&m if the aﬁat&m are tco concentrated,
| ﬂ";‘i“j‘«mimuy ocooled, or if the dimzoniun solution after
preperation is sdded too slowly, or et the other extreme,
gail "gt once to t&m cuprous a@&aﬂm.ma is mmmaﬂy
fma if hot mma solution is ?m.ng used. '
 Benrend end Nissen 35 obtained 240 grems of ortho oresol
from one kilogrem of ortho toluidine using the procedure
;mmmaea by Sendmeyer er pouring the fimmim solution
into Q& M mgms au:&uf&imﬁ Gnly a2 39% yiam at m
srtolusne dssired wes cbtained.
” "amum 4 nmstm%ga the normal decomposition of
8 dﬁ.&wmm sompound, snd goes promptly end ms&y
g at t,wmm alightly ahaw th& MQmiaﬁa W
yosi tion Wemtum peculiar to esch compound.

~ Resotion III is favored '&y wiﬂs below this charac-

iimatza mammm; since the mctim then goes so mm
é ound is reduced. This wtzm moy 4o
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‘some onpes progeed to such en extent M‘w give & J08 yield
,};wmmawm no mmmww;;mum«
_pare 830 Mnm tm pare diegonium toluene mwmy vy

amm others often coour. Onttermenn, &8 well ss Ullmenn
found thet two bensons neclel mey condense in pressncs of
mm culoride to for dipnenyl derivitives. By simply

| - the &m procedure end sdding the mm solution
,¢’ m? A% y&m of awmmm bansens. m nmm nas
‘besn petented ee o nethod of proparetion of 23 diphenyl de
,fmnum‘ s

i Mmmmmmmmmwnmww«»
and Siinter.ss In the preperation of met dibrombensens from
mm bromniline, end in soverel other umm mnaxm~
frem the Tospective halogen enilines, using tue meltods res
:ﬂmwm, & grean product was cbisined. Tals color
was at first thot due t0 the Pressnce of GOppeT as TePOTtEd
w mm'aw observers, The £act st it peveists Www
seversl stoan. veouum end ordinavy azmz:mma rendersi
im:: ides impoesible, end slso the faot that it pereists
aftor washing with strong slkelies, mmmmmm»
‘mmumtm&mmam *ﬁymmwmauh
;mmmmwmumwwmuuewuaum. the
Mw is remved by weduotion. The m pmt has 9muw
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;&y the same malting and bailing peints as the aalemlena
gaﬁmpaunas abtainad by other methods. The ﬁaler is hanae pro=

‘*“bly due to & trace of & nitroso or othar anmpaund formed

reaction with the excess nitrous acid present. In such a
;ﬂﬁ@a’tha following reactions are possible and likely:
o BrOgH,NaCl 4 HNOg = BrCgHyN0; + Ny

: Brc:,,a.,xﬂag + 20uCl # 2HCL = Br%&ﬁ@ * 20&1@13 + Hg0
, {greent?) .

.@hg.aetinu;gf,a&anaﬁtnhydragan~xa thus explsined, since the
;n@txgs¢~compound would be reduced to & colorless, soluble

4H = masa‘ma + Hg0

;mha formation of more or less tarry mattar is usually
found eccompanying the S8andmeyer reaction, particularly
%ﬁ%@ﬂahﬁtrenpraua\aelutiouu~uru'uaad‘exa,axzemat~at expleina=
;ﬁxﬁnﬁhnn,apparantly been made &s tﬂ«th@‘£aamatﬁanwraaa$ian;cr
;gém@eait&aa of this tarry matter, ?aaaihly it ‘may result from
igggg*zthsr polymerization reaction. a&m&l&ar to. thet of the
§£ﬁumatian of the diphengl compounds, many. nnclai thua aggrega~
V“ng. sfter whioh more or less decomposition tekes plece.

,,Tebia; 37 painted‘eut that since the cuprauu salt was |
;&wsmmarated in the reaction, a small smount should be suffi-
%a&ant t0 complete the resction. !hzs uaa taatsd by vbtecak. 88
Quhm found that the amount ao&l& be redused to 1/a; or e?en
;;/,, mole of aupraua chlariéa.(aa Gu;@l;) per mole et amina
gﬁithnut serious é&minution of yi«1d¢ ainea with qhi@rbensena |
_the yield only fell from 66% to 634 with & change fro

‘mole of cuprous ehlnride to /34 mﬁxe, and with mets ohlor=
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zaluane from 78% to 73% with a ahausa from one to L/g;th
§uala of ou pr@un @hlori&a.

An?arinua methods have been tried using ¢uyr&a salts and

n reducing these xn yraaanea of the dia@aniwm,aaayaun&, thue
N  ¢9$% 28 &&dﬂd cupria 8alt end electrolyzed ithe aalutian with
;anpper‘ezaatxeﬁaa, cbtaining » 64% yield of qh&atbemxax, A. Ane
 3@1$ 39 used nupria-a&;ts and reduced these by;aa@itian.ot
hypephma@haric acid. G e

i Gantardi a0 found that«tar the replscement with chlore
f~nggnxnbrnmin§,stna«uaa,af,aaprinuaalta»withaat r$&n¢$1an. and
h as little as 0.06 to 0.1 equivalents of cupric salt per

iivelent of diasenium salt gave as good ylelds or better than
,;ganrreupnndzng cuprous salis. Contardi states that tha yield
ﬁé&panﬁs prinoipslly upon the temperature snd the rate of decome
-position of the double salts, and gives as genersl concluions
_the following: | | |

7o 1e Monoshslogenated end ﬁiﬁr&t@d’&h&l&nu:dariv&tifaa
}gixu elmost theoretiosl yields using auyrous salts axeept in
» 0sse of meta nitraniline.

.11, The amine group in a mangwh&loaaaatcd mon or dinitro-
Qaa&line can be replaced by pralimdnamy diezotization onmly uhsn
the new nitro group is so orientated that it in turn can be P
ting with slooholic ummnnia,
| III. Halogen atoms introdused into the pecleus have usue
stly but slight xnxluenau upon the aﬁhatitutinn raaetiona of the
;ummna greﬁp. the 1n cartaxn onges it is. z«n&nroﬂ 1m@euatbze, aa
Emhnn halagmna aru praaﬁnt in positions 2,&.& tc the amino group.
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“IV. A nitro group cannot be introduced into an smine
_slresdy conteining m nitro groups.
o yields are given by Contardi however, but the fols
lowing resotion is suggested for the oupric mw replagement,
fﬂf'f;mmt on mm snalysis:
' ?@% ‘ %Ha ‘31 CollaC2
=R 4 QuCly = ﬁ-—- ﬂ " ¥s
a | a mea. Cucla
,m on thnt of Hentaoh for ouprous:
- '@e% %Ha /91 CoHlaCd
3"'3 + Cull nx K\ - Ny
- a a w  wa
In view of the fact that Hantsech himself found later that two
_atoms of cppper were present in the intormediste ouprous oome
pound, the formile asoumed by Gonterdi is & deoidedly uncertsin

e Thes effect of replacing ouproue snlts by thoss of other
"mm wag tried bar A.Kovosnski g3 bgr uss of the following proe

‘}5m3
mmwmnmmmzmwmmmmmm

mw of hydvoohloric acid end dimsotised after oooling in the
‘ususl menner with sodium nitrite. The product wes then poured
48%0 & solution of the metallfc chlorids containing one mode of
the selt and enough potassium sulfooyanid to oonvert this and
‘the disscnium salt to the mrmam The mixture wae then

Jet stend for twenty-four hours, the orystalline product Obe
tained filteved off, treated with enimel charooal and reoryse
‘tal34ged from eldohol. The purity wss then tested,after welghing
Wu malting point determination. In pmum:»y all ceses an in-
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‘tarmediste moleculer produst of the ma.um Sampound snd
muma mx s wwmmm posssssing a definite
290 Aindwshen nitronsline fomme intemmediate
pound mmmmtm;xnmisﬁnmﬁmmmm‘
, ,mmmmwmnammmmum
position end side reactions.The yields cbiained from the para
'nmmm are as follows:

Chwomium - 6.6%
l‘@

| 60,08 (by Oattermenn mewod)
o =
| ﬁmm Q

mmmmmm

; however, %m m mﬁt&m m were
11 end the mm of Wmﬂwﬁm very omde. It is
i thet Eorumneki dpes not ﬁ% She M’iu» wmoa
the ordinary method with cuprous salts.
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The mechand am, kinetios and theory of resction of the
swdmmr have been studied by many workers, but with cone
:;,waww and widely divergent rosults, =
' Considersble importance with:resson has besn sttached to
the sc-celled "intermediate® aompounds simost always formed
‘instently upon addition of the dimsonium selt to the cuprous
solution. The oompounds 80 formed vary in color not only wAth
the' amine, but elsoc with the soid and ouprous salt used. The
¢,}Aa&¢t veries from elmost white or oromm, thyu yellow, crimson,
povlete, to almost black. The compounds are very unaWa
m ‘henoe very hard to separate and muy. Band
;;y sssumed the ramm to be RN XeCugXg: |
| Hentasch gq mede several analyses of the red bromdiago-
‘benzens ouprous bromide compound end errived: st the formile
CaligNBr=CugBry. Hantasch mr&u«a M; as a nymﬁzm complex
el % W
s - ppay " PTe
r_}:a M&w formule was found for the double sslt of para browe
‘descbenaene bromide, the ohloride sslt in both oeses being
m unstable for analysis. Hentasoh and Blagden g5 later
f*wm the following ss their conclusions.

“ 'I. The Sendmeyer is in no sense o simpls catalytic ree
asotion, but alwaye involves o doudble salt fm%m. This
‘double ealt, both from divect anelyses and slso from anelyses
of the more stable mercury sslts, is most probably 'a; syn~4dinso
,{mom of the formule just given. |
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| 1. In the decomposition of the double selt, the halogen
:zwmx mma@mwmmwmmtmm
‘#lly ettoohed to the ouprous selt rether then thet sttachod
the dlawo nitregen. Thie 48 ehown by the fact et a dlasos
dum sslt of one mlogen sold mhen treated with o second ows

WM; mm«mmmwmzeammw
‘?mtmfmw m&mmmmwmm given
wfwmemtwaMMMWM*

m 1s m@ “he. Mm oonforms $o the suation:

Mgk 4 OuY wm. AT 4 m Ny

m behavior of dodides oould not be investige

;;ma ineolubility of mm mm m mm sl ride.
171, Wowmel 4  aysnide ompounds aot whth CupTOUR
mmmmwmmmm dut with wynedlase oy»
;m no mﬁ&m i5 obteined in mmm alooheldo sol~

5_ ' e mm mwm affeot, s show by the fact tat &
- mm of mmw linked helide Mam tnited with
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-~ Walter, g4 using ai&zoniwm bamaann ohloride s an’ ‘ememple,
fbﬁliavua that the diaaon&um salt ie £1£U$ rqauqaf by the ouprous
Tualt 1o a pheanylhydrasine, oupric ohlar&&e baing formed simule
,;anw&yp The phenylhydresine is then oxidized by the ouprio
‘walt thus formed to chlorbenzene, regenersting the ouprous oslt.
;xhﬁff&at is thue explained that no cuprous selt is needed in:
‘the preperation of iodo derivitives, since the hydriodic soid
present in this case sots &z the raduaing agent. But in view
of the faot that no phenylhydresine oen be detested during the
_Temotion, the explaination does not seem very fessible, espece
sinoe good yields apparvently cen de cbteined by use of
}mn&a gelts rlone, with no reducing agmt present, as shoun
?hy the work of Contardl.

- G.Heller 45 mede an extensive quantitative investigation
ét«tha Sandmeyer resction and ceme to the following conolusions:
: Thet it is clear from the work of Brdmenn snd Hantasch
‘thet the diagonium compounds are sble to yield two differeat
‘series of motallic ‘double melts. One sories, dontaining the |
fﬁm@aury double selt is colorless, steble snd with the propere -
ﬁﬁ#éﬁ more like the potassium diago compounds than than those of
;ﬁﬁ#mal disgopiunm compounds, but may be deoomposed in aqueous .
mmxom under gertein oonditions to give a phenol, or in pre=
“i"'?ﬁma of aopper powder, to give halogen or other substitution

-produots. This series osnnot teke pert in the Send-
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"~m3mr reaction. The second series of eslts, the 80 oalled un~
stable mwﬁm pm&uatn of tho nosmal sendmyar. are, from the
'mmt of v:.mr or Hantsaoh, syndiazo derivitives, oalwed end |
yomposable directly w&th formetion of substituted benzenaes.
m‘m and Hantasch found this series to ammm tao atoms of
i,?‘;mgam. with the formuls aﬁ,}t@ug‘!p The amum of Wa product
aepamtmg hes baeen found to incmaa with highey soid conoene
f tmumm

It is ouggeoted then by Heller that the double copper salt
w eleo forn in two weys, onc in which the cuprous salt sots ec
aw&m acid, (as HOuClz), end the other as the normel selt.
» two series are resdily distinguished by their solubility, tho
hﬁgmy ammm.e saries &wxm but poor yields. This sevbes mey
7;% regarded ac analogous to the meroury diazo selts. The other
if"awiaa is more readily soluble, but mey be isolsted by use of
‘econeentreted ecid solutioms, in which it im less soludble. These
~soluble double ssits sre formed in the ordinery emooth running
‘reaction, end therefors are desired. Surther investigation on
ithiﬁ subject is needed, but acgording to Heller, it is atleast
a&mr that fmr the best yields, such goncentrstions should be
mm that there will be but little asparation af the insocluble
ffﬂwlax upon md.xma the diasonium end suprous solutions end thm.
wm evolution ahmm not start for e moment and then greduslly
,tmam more brisk, If tais eommwﬂ is awumd; the Moompouxw
” wm tmpam&umn of Brdmann ere of :u.cne :.mpnrtanaa, azxwa for
immle. 8 93% yield of ortho chlortoluene was obtained at ao
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‘while Erdmann cbtained 97% at his decomposition temperature
of 5°C. In some cases where the aoid ooncentration is high,
fmwmemma intermediate product wey separats, but of the
*mmaw fam and hence decomposes rapidly to the product
:,;«aeamm. uelxar gives some amp&mﬁw ;rzolda an £ollown;

Sandmeyer Cia%amn Ullmann Heller

Chlorbensene 708 658 - 74%  Quentitative
‘Para chlope |

tolusne 683% | 765% 82.% Quentitative
f»ﬁm ohlore ' L '
?mama g 664 - 0% 9%

o 'm &ftmt of mﬂat&m in amammt&m ars amm in the
* owmg table gan by Hellergy:

Mm Solution . wm;zzm " Yield Tampare
S - |HCY solution eture of
Todsl (% HO) (Vol=|fo= |4 £ addition

| 23] 423) 12.6| 90 | 79 | &°
1.0/ 600| 8.9 93 | 83| B
1.0/ 700| 7.6| 97 | 90| b
1.0 700 7.6| ©2 | 87 30
1.0/ 800| 6.7| ©3 | 83 | 3
‘ 3

3

3

3/4 | 3,3 2020
1/4 | 3.3} 3020
‘e | 24| MO
14 | 32| mo
38 | 24| mo
1/4 2.4 710 1.0| 900| ©.9| 90 | 82 |
Wi | 28| 532 1.0 700 7.6| 90 | 84
8 | 2| 38 | 1.0| 700 7.6| 86 | 7
1/3 mole of ortho toluidine and 37 grams of sodium nitrate in
806 o.c. of water were used in emdh cass.

B S e A Y
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mmmmmwmmmmm cbtained by adding Ahe
‘insonium solution in & thin streem (16 minutes) to the Ougll,
,.‘{m'bim w& st the tempersture noted durng tho additicn.
Af anding severn) hours, the solution wes oteanm distdlle
',;;;ﬂ end dried, Thio is the arude yield. Redinstillation gave o
frection bolling within 23 degrees of that given for the pure
[mm Tnts waﬁmm mmw«mmmm’*

Mstner in this way, Assunming thet the dieso oompound 1o

w inatently, end deoctiposes of n measuresble YeA0OLNY,

the reaotion 88 & unimoleoulsr cue. POtHing the volume of

g0 evolved sgoinst time, feller snd Tischer obtained very

poor constants, showing thet other faotors were involved,

Variations were found to be obtained nd ondy with o ohenge

;wwm, but by & ohange in concenteation of any sovt,

fjf oularly by slight ohenges in eobd conoontretion. The
lowing oonclusions were drews by the ehove workers:

1. The velooity of decczposision of the rendily soluble
wiprous ohloride oomplex salt is inoressed catedyticslly by
presence of fyos nitrous aoid.

I1. The velooity of decomposition of the phenyl diasonium

prous chloride complex salt deoresces with $ims, but the cone
s tyue vith the salte of oytho and para toduidine. The
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mwwummmmwmtma |
M;mmwmmmmmwmmm
- snd Blagden
 entig end Thomes 5y point out thet altho Hantssoh)sy
* ound the fosm) s cuprous bromide complex selt %0 be
‘f%a.awaumu in & Jater articls gy thoy gnove this fomme
immm»mmmmwmmnmmummm
Sendnayey, ueing o single copper ohlowide molaoculs, ¥he fole
‘squation being suggoested by thes:
. Ogfy @ g‘n. m
" ’éi?/ | g:,gw - M
0L Cu el  Ouwad
 oentig and Thomss hence mede another determinetion of
the oopper oontent. A cuncentvated soluticn of beusene diosoe
mmmm et 8 temporature of «17° 0. was mmﬂmt
stioring to o satureted solution of cuprous chioride in e
orte s0id at «800 G+ A red wvoluminous ;;mmm |
mod instently, was filtered mw.y and washed with very
34 other, (free fyom aloohod end water,) The residus gone
ted of red prismatic oryetels which decomposed repidlyvat
temperature or i treated with alochol oF water.Ihe pare
Suene proved the most steble of severel salts tried, snd
analyves wore attempted on thde selt. Exnot detewminations
m impossible, dus t0 the inotebility of even this oait,
muwwmmmamum, end shres nitvos
mwm«ummtmmtwmm
BalgFalleCuytl, to the bansens dlasonium oompound. This
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famu in thus in sgresement mm that of mwm m:w
mm Remy oo 40 an analysis of the double salt of oup~
#ous bromide and bets naphyldiasonium bromide slso found

';Q&Wﬁ&a~ end Thomas state howaver that it is impos~
#ible to state absolutely that the product fommed in the
ordinary Sendmeyer is the same as thit isolated at the low
temperatures used, nor is it possibie to determine the mele
cular weight from freesing point or conductivity methods
6 % the large smount of asid necessarily present in the
ordinary resction. Assuning it to be the same, snd that it
s instantly and deqomposes with measuresdle velooity,
Anto phenyl chloride, nitrogen and cuprous chlorids, the
‘Pesction will be of the firet order, provided it goes %0
‘MM‘MM without side resotions and that encugh cuprous
salt is present originally to convert sl the dissoniwm
sompound into the labile intermediate aompound. Taen the
P880t0n OgfigNyGleluglly = OgHgCl + Ny ¢ OugCl, should
30w the equation 4 = &, |

. Veentig end Thomas found the reaction mot so simple.
An spperstus wes devised ihat permitted thore stirring, ex-
glusion of oxygen and cclleotion of the nitrogen evolved in
@es burettes at constant temperature.

¥han equal molar smounts of diagonium salt and Ou-
prous salt were used, constants were cbiained verying within
;*m a slight vange, K x ,4343 for Bensens diasonium ohloride
‘being 1234140 and for pars toluene disgonium chlordde 8390,
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using concentrations of /114 ¥+ phenyldiescoiun ehloride
; #M"h 2296 M. hydrochloric noid snd 3/s M. psra toluens diass
seniun ohloride with .314 M, hydroehloric , together with
o0 Mguivalent of cuprous ohloride in each Gese. But 1ittle
side resotions were noticed. | DR
|/ The grester the initlsl concentrations of diagonium
mﬁ snd ouprous chloride, the greater the value for the
oonstent, but with an spproximete proportionelity between
M two, conatente for 1/y4.3/4s:0 5811 20 'end 3/ 4, phetiyde
fesoniun ahloride with constent emcunte of eoid end ouprous
ride were 2068,695,208,204, and 136 mapmtxmqr 8inoe
gatalytic mtiva by the normsl reaction products or traces
? secondary products could be estsblished, the increass in
' values Of the oonatants must be due to the reletive incresse
mmmtmum ‘of cuprous ohloride rathar than the simule |
ecus inorease in qoncentration of the dlasonium selt.

fm: cen be made clear by regarding m renotion 1I:
R0l  # %g&g - Rﬁgmﬁmgﬁ.m an ﬂﬁh mlt

m mﬂm T SR
- RNg0leCuglly = RO1L + Wy » aﬂg%g. ‘a® fast or

}ff{;mmm, The velue of the donstent then veelly depends
_upon the rate of the first reaction, but may be still regarde
n&m of the first order, since the amount of ouprous chlogw
m is preotically s constant, being regenerated sssentisll
as rapidly me consumed. Henoe ﬂ‘“ ¢m*@“‘(w‘m o) “

;;,Miy dependent l.wm:y upon the mmx mmmstm of

- \‘
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diprous chloride since this concentration remeins practiesily
gnahanged thruout the resotion, bus inoranses in mm«
4001 tration Wm 82 the dlesoniun sedt i inoressed.

zf;«mm but will very with eny change in doncentvation oven
tho tho rotio of equimoleculer emounts of cuprous end diasoe
piun solte be mainteined. With less then an ! '

smount of cuprous selt to diasonium salt, 1o
sults oould be cbteined, phencls and 630 ooEpOUnds
m end the resction ﬁwﬂm bofore the mmm angung
;»,-wmmm is evolved, but roughly

o mmﬁmzammw&mmwmrmtmm |
‘ﬁmymnmmmmmmmmwmm‘

‘ohloric 60ld decrease the vesotion velooity tremendously,sls
tho K remeins constant £or eny one consentration. Thas M“
moley phanyldiesonium ohlovids with Masos Messe Mases Maes
on8 3/ sae Bormol hydrochloric aodd gave constents of 33,08,
338, 154 and 318 respeotively, with aimilisr changes holding
m the toluidine ssit. Contrary %o the statement of Heller
hswever, Wnoutig end THomes found free nitzous soid to be withe
E;Aim mmwm Mmh mmm Mumm are m nosoesdle,
The work of Weentig end Thomss end others thus seens
,_m show that dus to the nusercus footors Lnfluencing
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rmetim is. wa-y complicated, the fiml ruault bc&ng nost
aymb&hly dm 1o aawml concurrent reeations as p@iﬂt&d

m*k by M@zm}x. ~Any arbitrary atata;mmtma,&q the course -
ot the resction de there fore very uncertain and should be
.aiwwptm wi th caumm unless far more emﬁmmg explanamem‘

- proofs are at’farad than any sdvanced up. to the preaant
@mm.
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Purpose of This Investigation.

 The preceding survey of the literature shows that altho
jumwmﬂmmmmmmmm
many engles, very 11ttle attemps has been made %0 study the
;:jmm yields cbtained when various groups are introduced
‘under such stendardized conditions of concenteetion end Yems
: pmm s8 will pemit logitimete oumperisonn, After £iret
srdined method of procedure for intreduos
m mm, bromine or iodine into »mﬁeaus any emdne,
' 1. Detemdnstion of e relative percentage yields of
 dihelogen substituted derivitives of bensene when chlovine,
beomine and 10d4ine a¥e Antroduoed under 1ike conditions into
& pare halogen substituted amtne. |

| 11, Determination of the veletive influence of a hale
ogmn aton alrendy attached o the necleus upon the yiedd

~ of & compound resulting from the introduotion of o second
‘molecule of halogen thyu use Of the Ssndmayer vesotion.
m following grephic scheme of mwm effected une
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Comperison within each set of replacements on & nxmlﬁ
amine al.l.bwa the ralative percentage yields for ‘the introduce
of the thrse helogena to be determined under identical
oonditions in three different ceses, whils the influence of
ma:.mr helogen upon the seme ¢an be sasn by 0roes compsrisons.
hus the influence of nudlear ohlorine upon the entrence of
‘ahlorine ss compared to the influence of nuclear bromine and
iodine oan be seen by comparing the ylelds of pare dichlow,
_para bromechulor end pers iodoechlor-benzenes, the entering
group in esoh cese boing named segond. Mm&w aYO88 Come
mism cen be obtained for bromine end iodine substitutions.
. | . 1II. Sterio influences may be escertsined by compariscn
gﬁ‘ the sbove yields of pars subatitutad products with those of
_the ortho end mete oompounds under like conditions.

: IV, The effect of nitro groups present in the nuclisus
oan be similiarly cbtained by compering the yields obtaimed
ebove with those cbteined under identical conditions from
pers, ortho and mets nitranilines.
 Vu By conducting the replacement in one series ot 09C.
_and in snother series et 1009C., but otherwise identicelly,
_the influence of temperature upon the reaction oan be.defere
mma. A further test as to the conclusions to be drewn in
3, II, LII, snd IV is thus slso afforded by the duplicstion
at the two temperatures, since ocomperisons ere possible within
_each series. Consistent results in both cases san then be
attributed to molecular influences with nore éoﬂamty then
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1£¥r9nly one series of runs were made, since in any single
wagat solubility end other locel influences may ceuse the
variation. |

i‘; QV%” Substitution of equivelent amounts of cuprie, ferric
Zi#r other salts in place of the cuprous selt without further
ange in the procedure of the standardized method mey not
only throw some light upon the mechenism of the resotion, but
1&1&@{affaxdxﬂnrﬁhﬁﬁaﬁemwawaseham«

Purther adventage is gained in selecting the compounds
‘ebove ss starting msterisls since the products formed in sll
{&g@énrare'vblatiiﬁ with steam and are therefore essily separated
§§y‘steam distillation from sny side products snd tar formed.
¢&ay'phsnal carried over may be easily removed by w&ahing with
;inwauss. = |

. Since the primary idea of this research on the Stand-
{Qxaizatzan of the Sandmeyer reaction was the seouring of
_mtrictly comparable, rather then highest possible yields,
;«anditiaua were sought which would afford e simple method eppli-
55@@@@ without change for the introduction of the thrga,ha1u~
~gens into any emine desired. For this reeson the yields are in
ggnm@ ceses naturally below those given in the literature,the
;y&anﬁarﬁizedvmathad desired for comparisons could hardly be as
f@q&;afautamy in each pargiocular cese as a math»d adapted to the
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behavior of s particulsar smine or replacament. The results
Ghtained arve thereforo to be regerded rather from the views
:'wm of comparsbility than as » methed to obtain high pere
mmtmaa yields, tho generol conditions that would giw good
;f,nxaa were adopted ao far es possible. -
- The majority of tha procedures given in ma M.tamm
use. m eming wm«am:mmo aalt ap sterting mmiaz forthe
_mwmomm of ohlorine and the hydrobrowide fox hmm
_mm information as to the iodine replacement oan be found.
It is mooh gonerally done without use of the mmym i.8.,
;{wimt & ouprous selt. It was deoided therefore to try the
use of the above, altho u; was roelized that diszotimetion
‘would bo 4iffiicult in presence of the excess hydroiodio soid
gm&mt in the maa of the amm repxmmnt. A

The smount of rcid per mole of amine varies widely, but
in the majority of ensesthe procedures given in m M.%wame
i‘t‘m two to thves. moles of soid por mole of amine re used.
 Tven more wide variations are found in the emount of
‘f'mma mt used, wmamg from es :z.s.tna ne Vaam up to one
e of ouprous sslt per sma of emine, but in very few cases
‘4o the doudle cuprous mxmu, {w,m) ' mamamw requized
af'w am;meu of the msamdmta awmd used, pmhahly since
the relatively emell oolubility of cuprous salts would necessie
;"kuta tm use of imnnwnienuy mma vo}.ma of wpma sol»
‘utions in comperison with those of the smine. Clarke,ss
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m&um that the uae of larger mmta thsn one mole of
w #Wa m‘mhz* t@mu of mm #alt per mold |
_wm @lves 1o increase in yleld. Hence one mole of
m m&t.(m CuX, ) per mole of smine m s roguisite
mt.

N Tﬂ @m&& w wmm mins cemmu m’ms and
concenteetion changes, the addition of a certeln identicsd
“,mt of sodium mmu tugm%y in mnﬁ of the theoretis
m mt nm pmmmm in ench m m m solution
mmm in ench osge with staroheiodide peper.
The size of the m&a to bs madm set st one=
m&t of m. since thie in no cese gives muw
oal y grome, mms.mu losses end errors
"ﬁ.bma tima not oversheluingly lergs and stid) elloving the
';fma of ensily hsndled volumes snd e ressonsdle z.mm of
‘;m for Mm Muﬂl‘mﬁm. The xnumm poedu
,ja::.m tried,
| ﬁmmm Ia

.~ One eighth mole a% shloraniline, (16 grams of Khhl~
f;}m,mp. 70°%,) reduoed to & fine powder; weighed on & mv
_#oale acourate to .06 grem,snd sdded to a solution of 00

;;mm. of hydroohloric moid (13 mw" me) in m ci0. of

f;'wmg heated to boiling, gove, on cooling, hit
hydrochloride salt evystellizing sut os o m powder,
m solution, than further cooled to zero degre
i’-ﬂ‘ an fos beth, and 50 W of tce added d&mﬁy is
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mpim and ummm by eddition of 64 9,00 Of
3 vodium nitrits solution, (15 grams NsN0, per 1000.0.)

8d in a thin stresm thru & dropping funnel extends
g to the bottem of the solution, The temperature remains
under 5°C. and the . mm: diesontun salt sppoars se & £100-
:‘»mmt pm&yamw % A A e D

" The mma soldtion is prepared by addition of 32.5
W &Va m&a} of ouprous chloride to a solution of 75e.0.
?W :.m wmmm aoid m mm of water, The suprous
‘sodution contatned in & tro 1iter beeker is cooled to 000,
- 10e bath end 50 grems of ice then dizeotly added. The
aeld Mm&m solution prwmm as ammm u M;my
4263 during rapid dtirring Wiy a wide funnel tube reaching
},:% the ’wtm of the mmﬂm. the rate ar Mﬁm being
‘regulated by the emount of frothing. Immediete resotioni:
fmmm. mmmmdn).tﬂa mmthMMa
11ght yellew internedinte compound is formed, the resotion
Deing acoompentsd by considersble fosming which will entively

m trmw, ir the Mﬁmia mm mzw.-m
3 the dissoniun selt hes been edded, the solution 1e stire
4 one~neXf hour and let stend et m Wmm The
; Mw m&whm mwam produat
40 the top, nitrogen betng evelved vory slowd y.
&a me ond let am over Mﬁ sharel;

; Mamumuuamnmmmnm* m‘mmm
,‘,‘Wt ‘brown produot »mm tremondously aMh but 1ittde
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nitrogen evolution end then melts to en oil, The product
am repidly in long, pure white mm” which m&M«
m m umma zr kepp too 0014, The Moﬂi’&nﬂm ie
pontimied until no move solid comes over, (2.3 hours.)
m‘m atehlorbensene is filtersd off, washed with 36
_sodiun hydroxide and water after being powdered finely to
_prevent inclosure of phenol or watex, dried on filter pnpw
,m let stond in a dessicator w&muhhmwaum yield
;,m wm grams, aotusl y&um 12.0 grams or 65%. m.p.510C.

| tm diohlorbensene, as well es the other dihalogen
40 o prepared, is extremely volatile even at low tems
stures, and hence should be kept well closed in & dask
plece ‘while mm ‘the amm sublining mt&y in
Lo mm- ‘the sbove atm mmmm. ‘about two grams
of & black, sticky tar remained in the fissk. The dicklor-
‘benzene wmm was redistiled using e direct fieme. Veyy
;Mtun tar or residue remained in the flask, the product
.418t1114ng within a narvow vengs of 173,0°C. %o give a yleld
11,0 grams. The product on orystedlisation from sloohole
_ether (3-2) gave huge platelike oxystels of dichlorbensens
‘with s melting point of 5390, |

| Second snd third vuns using the ssme pmmn. but
,‘ﬂm more pmwt&m to mmt lose uy Mauuams—m
M y&e&aa nf 13.) end 13*9 groms mwum. of the
Steom d1stiled, coustic washed produot.(13.9g.75,6%theor.)
imwm rune ebout 23 grems of tar remained in the flack.
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AT Pars chlorsbrom~bengene from P-ohloraniline.

' 10 procadure is x’%mﬁa& a8 -.ba£§%¢<, ~mn§& 16 grems
pechloraniline {1/ mole) is hested with 3/s mole of
Irobromic. s0id, (44¢.c. of Kahlbeuns 8.g.).4948.5% HBr
,._‘7&;} ‘md 86¢.0. of water, cooled, ice added, end the
_solution disgotized ss before, & very similiar yellow
; ammim Belt separating. Thie is. then added as. previously
.40 & 00ld solution conteining 1/8 mole cuprous bromide ,
_xa.a srm;) mﬁw.m of hydrobromic acid(l/2 mole) and
«mim‘ 40 make 1250.6. SO o
.The intermedinte amm tom is.of 8 h«mmm
ok son. oolor, changing to a light. chocalstesbrown on
wa::g over night. rwmug dmmxg the addition ie not
a8 .troublesome s in.case of the. .chloride replacement.

c Om- mteam distillation, the pare chlor-bromesbenzene
m over wbﬁ.mt & pale green, then white and the last-
~Mmm e 1ight yellow, About 3=4 hours sre required .for -
Mﬁtﬂhﬂm. The product is filtered, powdersd, washed
m&th 3% sodium hydroxide and water and .then dried overs
%m& 20 before.. Yield of.the.pale green.product.is.20.2 .
,,\,_,,&.(t.hmmtxea& 1s 33.9 grems)or an sotusl yield of 86%.
66 .09€,. The product on direct &zmumm gave a 1«1&
‘ \,‘.,,:,A._./,Miaa&ian as. ‘before gave mage

~Mgm srm z.zm guwn or monoglinie. mmu. Bep+67.0?
:hpﬁo 195 Wﬁp
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mem of Todowohlor-bensene ﬁm Peohloveniline.

_ Tue hydrolodids oedt of pera ohlorentiine proved so highly
aummm and the sddition of sodium nitrite to the smdution
2ibernted 50 muoh free 1odins, thet dissotization wes prace
‘$ioslly smposedble. Since mo tast for conplete dissotisation
,f; 1a mmm An presence of the freo iodine, diesotizetion
was attempted by the sddition of & large exses of Sodium
‘nitrite over the emount thesrotioully reguired.

’ mmummmmmmgwumwm
_ouprous fodide solution, 2000.0. 0f hydriodid scid of Befd.d
:ﬁgfma mole) being reuived o dissolve 1/s mole (3dgreme) of
prous 10d1de. On nddition of the dissonium Sodution, nitwoe
‘;m 10 evolved, tho oolution becomes pasty, and o mixture
of mmmm produst end free iodine seperstes,mixed
with considoreble Quprous 10dide. After stending over night
,m muonMQmMmm. ammwrmw ~
. mmam m«s nnd weighed. Theoweticed yuxa . 20.6
@roms, otuel #10.0 grems or 30% theor. thund.
m‘mmmuwwmmmmwwam |
m compound produced from 18 mede dissotisstion Aiffvcuds
;iaﬂlm; and praoticelly impossidle in case of the My
arol procedure ammum wWMMth
mmmu sbendoneds Formetion of the aaid sulfate sadt wes
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Procedure II.

?m Chlor~iodo«bengene from Para Chlorsniline Sulfate.
 Sixteen gveme of finely powdered pera chicreniline
_weve hestedcwith 1000.0. of water containing ¥/s mole of
mmm Mm. gooled to 0°C., 50 grems of ice added die
muyana diazotised with 640.0. of cold 15% sodium nitrite
au:,utﬁ.cm. the tmpammdu remsining below 59C. After come
plete addition of the nitrits snd stirring for ten minutes,
Ahe solution is edded thru e wide funnel tube to 2500.0. of
umm contetning 1/g mole of cuprous iodide (23g.) end
L 1/3 moles of hydrgodic ecid, together with 80 grems of 1cs.
re0 10dine is libernted by the siight smount of frwe nitrous
m0id present, end o light brown intermediste product seperates
wm umg a grent amount of m»m After amm om
Mﬁ; on steam distillation the em»ﬂadwhm oune OVer
mammm;mm. wh&ahma mMWam
@ﬁ sodium hydroxide solution. m finsl product Wmd |
; g‘ xmt brownish viclet. Yield 23.1 grsm or 77.5% theoretionl.
'”?fmaamaum and orystellization from a:.nm-mm.m .

ars ohlor-iodo-bensens melted at 5590, B,P. 2239,

| ‘Pera Dichlorbensens.

. Progedure II, above wes repeated 'M.ea but the diasonium
uM being added to 250c.0. of e oupous solution containing
M. mole cuprous chloride end 1 1/, mole hydrochlorio soid.
mamu frothing took place, snd a light yellowsbrown
mmum product formed resembling um of the first pro-
edure, On ateam distillation the azm«:whmm oeme over
. w gresn. The yields are given in tadle I., page 56.
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 The dinalogen bensene efter steem dintilletion and

' j;wa.'m sodium hydroxide ia eosgntislly pur for purpones
Somparison, especially sinae the ylelds sre only weighed
m‘mmy of 0.1 grem. The loss on redistillation #s
due to mechanical loss snd hence 1s practically a
fixed weight in each case if the distillstion is conduoted
mm seme menmner, For thia rvesson the yields after steam
distilietion, weshing with elkalic and thoro drying ere move
oospersble than the pure yields, the unavoideble losses in
puriication being mich lerger in % for the lighter ehlorine
ﬁmum »mau than for those of bromine or iodine.

; m mole of pare wmmxmm.p.m*m treated es
above and sdded to & cuprous chloride solution, A yedlows
brown intermediste product ssperated, and on stesm distillation
wmwawmmwnmwmﬁm The
74614 wes 17.0 grems or 75 of tue tueoretivel yield of 23.95.
 eleo teble I,) V B
* The soid enlfste salt of pera lodoaniline proved so ine
Juble that complete conversion wes diffucult, end s the
m’m selt 4o slso inscluble the soid mrm procedure

- Since ecetates in general are very soluble end ecetic
ma itself in higher concentrations » good orgsnie selvent,
formation of the sniline soetats selt wes next tried, 005
;“;mm 8014 being used ss the solvent. As pare lodo~sniline
#pperently s the most insolble of the m« enilines, the
anov 1t necessary to dissolve 3/p mole of this in the oold
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‘who detemined, 3000,0. of 50F acetio sold gAving o eheer
s53ution even whan cocled to 0°, The following procedure
s therefore finally found & satisfnotony one on & generw

L Procedure I11. ammm Method. {Cold)

3 pth mode of the omine in dissolved in 2000.0. of 003
;;mw m without worming Af posaidle. The sclution As 0vdle
of %0 0® uy sn 108 dath, 50 grems of jce added directly,the
jimm stivred repidly and 700.0. of 108 sodium nitvits

ution sdded thu n thistle tube in & thin streem, the
peveturs remaining under 6°, With the helogen smines,e
yollow curdy Gissoatum selt ssporsten out on complete addition
of the nitrite sélution, e oolioldel solutdon at £iret fomme
4ng tut ocagulating on furthed od4dition of pitite.

. After stirring for ten minutes, (oF in Oags Of the nitrens
A3inee for 1/ houn) the dissonium solution is added elowly
Fu & wide funnel tube resohing to the bYottom of the CupYous
wtion oontained 4o o 0 Jiter besker, about 10e35 min-
® being usuelly Fouived, the tine Gepending on the emount
atm The ouprous solution, which contedns 1y molecdf
oupvous s2d% (o8 OuX) end 3 1/4 moles of the corvemponding
Beloge eold in 2800.0. of soiution, ummmwm
a!*mmm 50 grems of ioe sdded divectly sod then the
ddae ',mmmu MEWM ™e Mmm
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1na undar 5@¢~ ana rapid m@eﬁauaea; aﬁ&rriag is n&inﬁnin»

thigout the sddition. After @a&ax}xﬂsa addition of the diasoe
,a&um u@lutxan, etirring is continued for one-half hour, the
1 Zjir then removed from the ice bath end let stend well cov
ered overnignt, The' antiza solution i then tramefered to @
490 Liter round bottom fiask and steam diatilled until no more
4nﬁliaéar.n;1.quma Qvar, a~ama31‘izama being kept under the
flask to assist in sgitation and to prevent stosm condensation.
gv&ay&ng with tha product, from two to twakvn hours are raquirad
tor cumumtzm. The product, if solid, ie filtered off, shaken
tha&% sodium hydroxide solution, dried on £ilter peper after
?Ayfznexy nawﬁaraa end let stand in e 4@&3&4@%@@ overnight,
he use of porous plataa whioh causes raa@y absn#btian:nf the
‘volatile product i taus avolded. The weight of the product thus
fﬁ&ﬁazaaa~in used for comperisons, doubtful csses being dried for
;@ﬂ&ansﬁw,txma to see if there is a further apprecisble loss of
‘weignt. The dihalogen products will lose noticeable smounts by
‘veletilization however even if let stend for seversl days in &

jum sised dessicetor. Vaouum dessicetors cannot be used there-
_,nwan&th the dihalogen bensenes. IR
!J!,k~ Partial neutralisetion by adaition of 250 Qcﬁ% of 3%
sodium hydroxide solution before allowing 10 stand overnight
_was pot sucoessful. Muoh frothing is encountered on stesm dise
Vt&&i‘&ian‘amﬂVaanuiﬁﬁrﬁbxy more ter and phenol is formed. The
yleld of pers lod-chlor bensene was reduced by such treatment
0 57% ae compared to 685 without the oceustic eddition,
. The following smounts of the aniline and of the Guprous
ﬁﬁait were used:
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VL,V; mole p-ohloreniline= 18 wm 1/8 mole cuche 12,08+
. prbromaniline = 21.6 * *  Qubye 18 &
| % pelodosniline w 27.4 "  *  Cul = 33.8g.
' Considerenly less frotuing is observed in the method use
ing sostic noid than those using the stronger minersd aoids,
probably eince the intermedinte cempound is formed or decome
‘w»@. noTY ﬁm.y The intermediate compound in csse of the
bromine replacement is not mt&m&y decomposed on atanding

ght, while the fodine compound ias even. less so, oonsidere
ﬁ nitrogen being evolved when the solution is heated pre
paratory to steam distillation. The compounds produced in.

| Gape show more or less mm ¢olor exoept in case of
the 1odine replacements where no trace of grmen is noticed,
}ymmxy since any excess nitrous soid is mmm d&ntww
o4 on addition to the auprous Lodideshydriodic soid soduticn
and thus the formation is prevented of the trace of nitroso
oF other cumpound to whioh the green oolor is dus. Absolste-
1y whito iodine producte msy be obtained by redistilling the
oFuds product, dissolving tils in ether and shaking with die

‘taaqwam sodium hydroxide until the oclor is removed,

. t0 the other layer separated after washing fres from
sikalic one holf the volume of aloohol and allowing the ele
]mﬂmmx mixture to very slowly evaporats in the davk.
fmmmamnma plates or needles of ma&m«»
@en product sre formed whioh darken very slowly upon exposure
%0 Mgnt.

fooh replacement was rvopented mtu two yields wore obe
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o ot 18 dzy when wmm

The mmmmw pmmm in cose of m ohlorine e~
"mm ers more or less yellowsbrown in ¢olor, fading to
. Mghter shade overnight. The bronine interssdistes ere at
:f"fs,mt more or less a datk orimson color, quickly fading to
ohooelate which overnight becames a light brown. The color
18 partly mesked by the intense permengenate color of the
sclution, which is due to smell amounts of ouprio bramide
::xwm by oxidetion. This color is so intense that even

precipitated cuprous bromide gives test on dle~
Mﬂw in hydrcbromic ecid, Nellor .o states mz m
‘milligram of copper csn be detacted in & drop of solutiom,
‘provided the hydrchremis acid used is consentrated, the coe
2or betng Gus to the fometion of o me bromide
_?mlm soid,
The iodine intermediates were not only moxe alowly
MWM then the chiorine or bromine products, but were
8360 moh Beavier,o large portion settling $o the bottom of
the soluticn on standing overnight in contrest to the chlore
tm and bromine mmm«»m whioh form s floating layer.
' s noted in the plen of the investigation,(pege 30)
;l?"u soems desireble to sompare the ylelds obtained under
‘4entioa)l cenditions, but obtained by cendusting the resc-
tion &t 1009 to those ot w.. 8 further set of internel
@i;‘ymxm being thus aﬂﬁm as e M m m sonolus
/#1oms to be drewn from the results cbteined with the cold
;;,wmm. es well ms establishing the influence of tempere
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et ;g. e complete series of nine replecements noted in
@ em sa)mmmnmmmt that the

~mﬁa@w m #MW um an sdditicnsl um bent tube
pper end} . vide bove funnel tube Yesching to the
¥ttom of the flssk thru whioh the dissonium sclution is
sAded; 3.) & thermometer with buld immersed in the cuprous
elution; 4.) o stean inlet tube curved at the bottam o
pat the incoming steem not culy assists in keeping the tem
rature ot 100° during the additicn of the 1ce cold diase
nium selt, but sleo serves as & method of sgitation.
fhe couplete setup is shown in the drewing m«n |

H
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~ The diaso solution prepered so in precedure III is
’ae . sdded thru the wide funnel tubs, (whioh allows sny
14 to be pushed thru if clogged,) to the voiling euprous
mm»mmmmmgmmw The ouprous sole
tion is kept above 1000 during the resction both by s brisk
‘ourvent of dtesm and & direct flame beneath the flask., The
‘boiling point of the cuprous soluticn is sbove 1009 in
;WW% to mmmmwmtxm* falling off
se Uiluted with tne dissonium solution. A very brisk svolue
40 of nitrogen tekes place and a :%.am smount of the wole
1o dibelogen product s carried over by the nitrogen stream
‘ji]f w the Mmm. neccessitating the use of the long one
;mm oondenser and the bent tube at the taps A small Deaw
ém;mmwmmwmmmmwum
of any trace of product esceping by condensation on the inside.
 The dlsso solution is added as yapidly ss possivie withe
,:m the temperature falling below 100°, the last traces be=
4ng washed thru with 0old water, About 1018 minutes are Ye-
pired for the complete addition. Boiling is continusd for
m minutes after complete sddition with the refiux condens
‘ser drained of water, the sclid previcusly condensed being
Shereby melted and drsined back into the flask, care being
‘tuken that no vepor esempes. The last maaw traces of
:vm:l@ammmmw metmm» Aftor 000~
ing, the stopper is removed, any solid adherhng to the

:,,;swpummmmmmmmmama
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;m steem umnmwa and immedistely um ﬂiatnltdm
Sransferance of the solution, very diffucult to do without
2088 due to the tarry matter present, is taue avoided. arter
 distillation the product is tmua ™ pﬂnena).y wted.
1lts are @im in Table I,
7 The green color previously noticed was entirely sbeent
ﬁ.m the compounds m*maw by tiis hot method, probebly since
‘the nitrous 20id excess is instantly volatiliszed on striking
‘the hot eclution end thus prevented from reaoting. The tar
m phenol formetion in cese of the pars compounds 1s not
Boticerbly grester then in the 0old runs, the product being
; 3. in purity to thet from the Gold rune and entirely leocke
ing in the grean color, Some &mmmium‘m mmea: in
.‘/:,thu compounds produced from pers iodoaniline, fres iodine
ﬂhaiug produced, but not enough to make the rune fall notice-
,ah&y« lowex then those given by the cold method exoept in
the cese of pera iodo-bromebensene from iodcaniline, the
5@5&1& ‘he&ng 10% lower then thet of the oold method,
A voluminous but very light product aypearm floeting
;fm m wt@a’y leyer during the lsat of the otesm distilletion
nt‘ the pers ohlor-brom end pare dibrombenszene runs. This
_was seperated by decentation, filtered and dried. Less then
0.1 grem ookld be collested, The product in both cases
oontained helogen, wes readily coluble in bensene, alcond.
mﬁ atm:‘, the m&tm gmim in both ocnsss waB over 2000
{;‘f‘wt wes not um:m«. The mzm.aa. was probsbly e diphenyl
derivitive but wes not further investigated dus to the
 smel) smount pmamt,
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Table

‘%ﬂﬁ
mwmwau Yulda of Pare mmmgm Bengsens form the

Hono ﬁa&m;m Amine.

.8

nam s nsm g "STANDARDIZED METHOD®
| ing sold | ing corres- || using ncetate salts.
sulfate pm& nol- || Gold Kethod mt Hethod
gelts t os wmsésw \ ma
amm mt bodow O Jaheve
e || AR m
76.1 *-m.a%' 75,0 | 6844
| veg wE
75.8 78.0 66.9
1.1% 73,9 67.8
| - 4% 68%
?ﬁi{a | 68.6
67.8 | 68.4
s 67%
6646 | 6644
3 - af‘#ﬁ - - 33*‘
80,7 78,0
7970 808 7
‘‘‘‘‘‘ &.3 | 76.8
1 )8R 80.5 72,0
< 8l.4 835 " 93k
‘3303 o 137
al ot |68 (35.6%) 60.5 79.9 .
| 7.5 8h.8
B2 .6 78.8
: 72k nes
T34 ??'1
) X 8.7 78.9
& w |
77.3
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, The melting painta of the pers aihalegen aampaﬂnan givan
&n tna &bavu table were fawnd as follows. ‘

P

_fmmmmma 54.0°
Dibrombenzene 88,0
' Diiodobenzens  138.0
Chlorbrombenzene . 65.0
Gh&e#iod&beu&ana, 55.0
wam&adﬁbenaane 9.0

- As noted in the plan of rescerch, an 1nvaatigatian seems

‘"'axﬁabla 88 to the influence af tha position. of. the halogen
%ﬁm alreaﬁy present in the nualeus wkan a aocana hal@gen«&a
”"faad by the sandmayar reactinn into & mono halogen amina.

&h» yielda given when bromine and ehlorina are intraduaed/into

jfawtho and mets chlorenilines by the atandard&aed.aat&od were
: aexz obteined therefore.

ahlnr&na and bromine were intrnduaaﬁ 1&@9 ortho chlor-
‘"”ixina. (B.v.aes) by preocedure III using a- ca&d euprous solu=
» Immediate splution of the liquid aniline is obaindd upon
;u;tian to 50% acetic acid and & yml%aw diaann&um selt much
. skg that of the para cempaund 18 ﬁbta&naﬁ on aiasetisatian.
 tgxgﬁn ia evolved papidly on ad&itien of thia to the cuprous
“luxian but with very little frething A raddiah’brawn and
gvnwy pasty 1nu¢rmadiate produgt is fermmd Qa ﬁtandxng over

;nizht 8 heavy oily maaa colleots on the hatt&m ot the solution.
The product. ia steam d&atillad until na mnre eily araps sollect

. the raeaivex. ?ram two @c faur hpura are raquirad. Veyy much

a_qaﬁk. viaaeuﬂ ter rvemeins in the flask,(ﬁus grama )
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w wm am Mw end ohlor-brom ‘bmm are uwao
‘f:;_wmﬂm a«m of purificetion aould not be nm. |
fhe entire distillats is thersfore meds slightly alkslise,
kep until all phenolic odor dissppesrs and only the
mma MW bengena ordor remeins. The heavy
\, w layer is drewn off a8 far as posalble by mma of a
seperetory funnel, but considerable oll vemains os fine
mm% dispersed thruout the anter lW T™his is twics

tracted with ether snd the extreotions sdded to the odd,
sphydrous sodiunm sulfete being added to remove water, toe
§ethor with & smell emount of potassium carbonste. After
standing several hours the sthereel solutien is filtered.
Off, the residue well wesied witn Ary ether end the weshe
ings edded to the filtrate. After the etier is partislly
{mm by mm&nt&m on sn slectric hot plete, the high
‘botling oily product is frsctionated with e free flame, 3be
ortho amm ‘bolng m:.mm botweon 173-176 and
m ‘ohlor-brom bensene between 201-204. The product in both
108 m & Aght yellow green coler m thie trentmant,
he yields are gven in teble IT.

. ;}mta dishlor and o&iﬁeﬁbm bansenes S¥e prepered as sbove
m mata chloreniline, {B.P,228.) m odiy @mm are sepe

‘aTated and purified as with the ortho compoum '\ the meta
}ya&mmm being sollected mmm mmm m m
r;ﬁ%aw&m Betecon 1#5&&%. Both ¢ m&aﬁ o deep
emereld green.The ylelds ase given in Teble II.
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m order tr.: dstam&m the reapaetim mem by the two

of purifmatim, blenks were run. amu.ng v&w 18. 4
g ;; ams. of purified dichlorbensene,(1/s mole) and going thmu
he process of steen distillatiop from the aupma chloride
’iﬂ«%m a8 previously: Mnmzm. Ay wwa&e y&ﬁd of 18,0
g?ma or 97% wes. obtained &n @aae of t!:m aaud pam amm
_But with s like smount of uqum ortho. d&ﬂm»whmm put
shru the method of separstion and m&zieauaa dasoribed

;ﬁfmmr magt. M odded then to the uquid yulda ta be strict~
' 3 g.‘ﬁmwwlu. but since the loss is a mmmm one and
m not vary to any extent with m yield, the correction

jﬂ iould be made by & weight rather than a percentage addition,
x,f{m‘ﬁ,ggg the percentage loss id -kmlatue;.y» less in omse of the
mﬂﬁ.ar bromine introduction. The mmum ©of one gram to
tlw welght of the orthe and meta pmdmxt appwrs from m
mmm obtained in the blank runs to gover the loss due
;;wizavariatlma in separation and purxﬁaaticn. In the teble

;;:ﬂl.;}.wins, the *tomparable? pammtagw given lmva bwn 80
%Mmd.: '

maxe Two. e
oduct | Strue ompwr«- _~mj¢l , owar«

“gaﬁ -

T ’"’4@’.‘5" j,  75,0
*95 1o
"l ve.0

] 85.0 |36.0 4@"?2 | 4.8
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trshel 'asaa ﬁamaumﬂ..

m«m HX wae thm used w i.mmdaw mmm and
ine into ortho, mets end pars nitranilines. Altho the
etate salts of the three amines are rather insoluble, come
t@ sclution of Vaﬁl mole #amples. tekes place on. warming
th 260a.¢. of S0F aaatm nnd :mme amlme ammraim 13‘
‘,»..@gs,nmrad. on oooling to. 8 however the sslt prmmwm out
+4n fine needlea. After adding 50 grams of Mmmma nitrite
.;gwlmn wast be sdded very slowly,(oneshslf hour) and is
20 ?:;mvm by a&iww for another half hour,. which effects
mplete splution of the. diazonium compound. formed in each
The. fmmtﬁ.m of the intermediste compound on. mum
. the- ouprous solution is acocompanied by a. considerable. .

= %x’am -evolution in esch case, but with very little troudle
AR “to foaming. The diszonium selts in ell three cases are

M » 1ight orange color, while the ;:mmmﬁh&m&ﬂa:w intermed~
m&w ﬁf the- oxtho and para mmpmmdé are a yellow brown, the
rgvm&a Gompound being e deep purple brown. The corresponding

; mﬂm@atm are ortho, ddght yellow; paers, greenishe
mmm,mdm:f 110w,

me over ya.umr urtur au ceaped 10 mpwa&u st t}m .ond
,;ﬁat m ‘steem distillation. The entire watery layer was sxtr

jaﬁ twice with ether, wkorahy the yellow eolor 13 mﬂ.mﬂ.y
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ma w&h&r henvoz', Mas tlzm 0. 2. gram of ». mddﬂ.ah orapge

‘?_'; ed. uh&ah.anpayanﬁky aan&axnad onky &

mal. ;a;,g.gf oergho nitravahlnr benzene. The corres-
;Wing artha bxﬁmnn&txe benzene is also. yaixow, the meta

hlor and. hmam.nitreba&zaa&s & very. 113&& yal&nw aaler,
while the y&xa.eampnnndn are purs white,. all &m& pramt&a&lxy
gingalahx; in. ymtaw. ‘Beautiful aasﬁlea~ar rhombie plates are
*ﬁ%mﬂﬂ*hﬁwaliﬁﬂix»ﬁfwthﬁ compounds on orystallization from

1 L;@f&rathar {(1=4.) The shepe of the orystals is apparuntxy
,aﬁmantd by tha tirat seed. ayatal separating.
y;six‘ﬁaaeiaht;hauxa.a&asraquire@ftax,s$gu&»é;gti%la$;an;n
aara aitre-brom benzene,{m.p.128,) and conasidersble diffu~
soulty is encountered Ln,prﬁventing the condenser from clegging,
‘the distilletion having to be frequently interrupted and the
~@alid puahn& aut of thﬁ ‘condenser with 8- rods -

’ &h& praduats were. puvifieﬁ in ) aimiliax wey a8 kha para
dibalogen compounds, by weshing with dilute slkelle,water end
iuxa&y pawdering bafere dxying‘ The mslting and boiling

P inta of the cnmpounda as. preyaraﬂ agree with those found

”in the 1itarature, end. are as fellawa.
qu,mtmqa;;ux,:,bmzma, . mpe 32.5° . b.p. 242%

" " bzow " " 4.0 " 2
Pars * ehlor " | “,H $§«é o 2¢x‘l

" " brom " " 128,0 " 285
Meta  * chlor . _ " .dé,ﬂ, '*M‘ 234

* * prom ¥ * 6.6 " 256
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Table Nm e

| 'mzm Tields m m:mm is xmmm into
%mumdw mm and &m&t mmm

arm |
| 2. | mx
Cl — XNOg4| 2%

Tl 73,0
75,0 49.5 m a
" neg 50,0 498
76,0 87.2 45.3 |
90,0 WQE ?ﬁiﬁv‘ o
82,5 53,6 38,6
| | T wE

| BA«S §8.0 40.2
- e : " —

Cupric 821t Mﬂ%um‘

In viaw of the ammm amcmw in the litereture
% ‘the resulis obtained when cupric sslts sre aubstituted
. w‘ cuprous, snd s outlined in the plan of the rescorch, this
Bodificetion of the stendsrdised procedure was next tried.
| An equivelent emount of oupric ahlnriaa.u/; mole CuGly2HaD
u 2.3 grems,) and of cupric bromide, (26 gremsCuBry,) were
}?f~'mhmmtm for the corresponding ouprous salte snd procedure
m Tepested with pers chlor snd pare bm ‘enilines,
~ On adaition of the yellow dimsonium selt of pers chlome
mmm to m aa:.d cuprie chloride mm;m. no spperent
Q‘;;,mﬁion tekes plege immedistely. On otand

g for two hours
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r'ia&m rmml from the ice bath, complete sclution takes
_plece end a oloor gresn solution 1s obteined. The solution
18 lmmedistely stesm distilled, eltho Jittde veriation in
eld is noted if left stand over night, a smell smount of
_ tarry meterisl mevely depositing on stending. On wemming,
_ mitrogen is evokved rapidly, sn oil gradusily separates and
_ the para dichlorbensene comes over in the form of long white
needles, is purified s before, powdered, dried and weighed.
Comstdersble tar remeins in the flesk after stesm distillation.
_The yields of the seversl producte erc given in Tedle IV,
A trisl wes meds neutrelising the olesr solution before
: 'm distillation, soiiun hydroxide solution being added
e wﬁuz condenser to avoid loss by veporizetion, nitroe
- @en being repidly given off and the solution becoming werm,
The yields obtoined veried from 78k down, but no concordant
 resulta were eosily obtained, verietions of as mush es 10%
wiug cbtained in sucoessive runs. The yields, besides being
‘/ma%am. wore not striotly compereble with those in which
_gsustic had been sdded, snd hence the modirication wes
_sbandoned and procedure III striotly followsd émaept for
the subotitution of cuprio selt for cuprous.
~ On sddition of para chlor dlesonium scetate solution
“*m the ouprie bromide eclution, nitrogen is siowly evolved
m the yellow salt mmm to & flosculent white mess on
,gnmm for two hours with frequent stirring. After letting
‘,;,»]';atam for several more hours, or better over mam ar room
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:gmmmﬂ, the solution ias stesm dietilled. Little nitwos

wn 48 glven off on waming in contrast %o the Teplevement

8, in which ohlorine was eubstituted.
:  On purification, the product crystallises in both
w in Imgn pure white needles or plates, beautifully
tmm internslly end often over five centimeters long.
o Diagotized bromeniline on addition to euprio chloride

‘solution muw very a:l.m:n but sfter three hours changes
‘fm the deep yellow dlagonium salt to a light oream golored
flooculent product. On stesn asetidlation nitrogen is evolved
repidly as the solution is heated. The product comes over with
W ,Mﬁw wl.am mwn;mgw mimﬁuriw‘ probebly an azo QOme
pOind, is removed on washing with slkell, the yellow aclor
ohanging to & desp Ted end easily dissolving in the alkalins
: Wlﬂﬁ@ﬁ» Mwiua para ’wmmwbmmc renaing.
he red slkeline solution on eveporstion to dryness
and aoidifiontion with hydvochlorio scid, egain regsins the
o ow qolor and possesses & distinotly phanciio odor, As the
‘m* 414 not exseed a fov milligrems 4t wes not further
Anvestigated.

o A precticslly olear solution is cbtained on etirring
m hours & mixture of 9‘% brom aiamwm acetate and oue
pric bromid solutions, Nitrogen is evoived on hesting as before
&M the pars dibromdbenzene atoam distille es pure mw nM”@
bout four hours are Tequived for stm distillation, Theylelds
m s%m in Table I’?‘.
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a,-fm o aw red on adfition of the mm. Considerabl
s also formed snd the yiolds £ad3 arm W or nore m oase
fgﬁmmmmmmmmu
 'The possidility wes comeidered thet the sstive sgent
1 the oupric selt replacement might be & slight smount of
uprous salt forned by reduotion by the exoess nitrous eeid
one sxtromely dilute solution of cupric dromide in
mm mem s0bd wns treated with e comsiders
fmiu smount ni' solid sodium nitrite, nitrous soid wBS 9V0)e
'm ut the m purple oharacteristio of cupric bromilies
nydr ‘M@ sotd mmmm wes not discharged to sny visible
;mm Vnm a8 fm that m&n ﬁMﬁﬂ &M m&x‘iﬁl

az tundred degrees. Under tae oonditiens of the procedurs

‘bers used however, the smount of reduction must be very
2ittle i€ ony, perticulssly sinos acid sclutions of euprous
_sndts ususlly exidize very rapidly to the oupric form., Waen
}hm mﬂa wm’um were used, mm the nitrous eoid is
prey _ sfore mﬁm sen teke place,
80% was ﬁﬂ“m'ﬁﬁi a‘hmw m the btm o=
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parison of Percentege Yield Using Cupric snd Cuprous Sslts,

W M awm«z E
uced | obtained )

Gold Method | Hot Kethod

765

. : ’ | | . ?&%9 40 |

N N 2K
pe(_ >01 | tual : 4% 68%
: I 68.6

Coera
B
87.8

ISUREISNN KUV FAPSCLs oSS LR
, ) | se.? | 98,0

8e(_ )3r | ocur | TW.0808 |
o BB 7.8
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 Remilta Ghtoned Yithout Use of o Satadvate

 Bixtesn grams of pexrs mamxm were t.mm by pro=
dure III, but omitting the sddition of cuprous sslt in order
j}'m determine the yield of halogsn compound without a metsllic
;_;fm.t present. 0n stending over night the diezoniun gompound
fmva & olear solution. Soms little tervy matter wos aapnsim;
‘The solution was of & light yellow golor. On Maﬂngg,mww
wes ovolved, the solution turned s deep orenge color and e
greenish yellow distiliate osme over containing much chloze
m@l mixed with some dichlorbensene, The greanish color
‘ghanged to a desp ovenge on treatment with alkell, the chiore
;rpmm dissolved, leaving the pars dichlorbensene as & mmmh '
;mum On drying, the yleld obtained was about two grems,or
sbout 30-15% of theoreticsl.
 Beauwlta Obtained ¥ith Yarious Selia aa Satalvats.

@n m’baﬁﬂuﬁm of elther niokel, meanganese, ferric or
.‘mm ohloride, (NL0Lq, 003, m.mm;) for the ouprees
f;m‘& in procedure IXI, no amrmt sotion tekes placs on eddition
0f the diasonium soetate sclution to the metel ohlorideshydros
amom aoid mmum, 2 clear aalumm being obtained on stand-
m over night as when no oatalyst was used. On am mmum
‘tdon, much phenol and Az0 compounds sgain come over. On Pemowe
nx W these by the previous method, ylelds varying from Pel6s
were obtained of tne pera dichlorbenasns, ths same precticslly
;_'fa.a those when no cstalyst was used.
 Substitution of ferrous ohlorids, (FeGly,) gave potter
§;§;$m¢n. the diasonium solution on sddition to the ferrous
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véhantidaéhydraehlaria.aaidfaolgt&oﬁ«ha&amaa~aﬁmnégy brows,
nitrogen is evolved slowly end on stending over night a clear
‘,}'@mga aolored snluticm is obtained which on gteam distilla~
Sion gives the fam:l}.iar amamm green pam dichlorbenzens,
aiﬁﬁ&nmuﬁ by eanaiderabla ehlorphenol. On purifiontion, the
}yrn&uot remained & light emerald green, & yield ef 8,1 grams
.,m' 4:‘5% of the theereticel being obtained. . .

SRR ¢ ) arﬁar to dstamixm whether the aaltﬁ noted abou had
any :u'zﬁ‘luenca whatever vmen added to the diaaanimn compound, the
eleer solution obteined with a mixture oi‘ :ﬁ‘ewm ehlurma and
%M.am:xmm solution on standing over night was then txmtad with
?,a mole of oupreus chloride dissolved in a emall amaunt of
Euaanantrated hydroshloric acid. Qn aadit&nn, nitxagen vaa
papidly given off, the familiar intermsdiate :ﬁpm@\md of
uuprwa ohloridesdiazonium compound aapamtad,‘ wAS mt stand
lfmx two hours .and: ﬁhﬂn steam distilled. A yileld of. anprexin «
mately 70% of pare diehlorbanaanu was obtained, ahawing that the
ferrio chloride present hed but 1ittle or no effeat on the dims
2 uwn salt even on stending over night,

s - Wpen 15 grams of Gattermann’s copper powder was added
;gﬂ a similiar solution of ferric chloride«disgonium salt and
""”5atand stand over another night, a yield of 78% of para
lorbensene was obtained, epproximately thet cbtained if
&MJM ‘amount of copper powder is sdded to s fresh solution,

s further proof that the ferric chloride is without influence
m the diazonium solution. ‘ |
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. The stendardized mm& of pm:améf 213: ‘%@sv app&imx &n
, 6old to the production of ortho bromebenseic acid from
"~~",;jgfmm-mmxa 804, using 1/5th molar emounts, It wes
ound that if the non-vosltile. am.c product was. ﬂ&tw off
«after atanding for mm hour mly arm a&d&t&m ml' the duw
\{mma aolution, mmer than allowing to atand for four hours
;;v-faﬁmammm a8 recommended in the literature, tha mtot
ggggmxbﬁ;a -the -::~'W9¢“M~ is very greatly ..,gmqga, ~the tar
mation being due to a slower resction. Altho the crude
eld is ebout 3% lower then if let stand longer before file
mg off, much more then this differende is md.a up: by the
;;m'km yield on purification. The ususl treatment with enimel
| chs !\mal was unneceasery. The slowness of the tar formation
m mtm thruout e}l the rums, the lergest smount being
g during hmting preliminary to and during the steam disn
‘ vatian. The tar. doas not interfere however in case. the
duct is volatile with stesm. Trial runs were early male
.tering off the dichlorbensene. without steem distillation,
_sven if filtered off without allowing to stand long, the
5 fi‘(,ammmﬂaﬁm;&é&mﬁh tar whioh im elmost impossible
, \, thout direct distillation. The stesm distillation
alu* bable ws.th mxatua products mept inthe
wane he oyanid intrMuaﬂm. where the long hailing in
igm u«&d a@luum causes em&&arable of the amrna to be
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plyzed o tm zm'msmm aodd, w&ﬁah i:: mm: cages is
rolatile. Direot f4ltration Le hence recemmended in eane
gmwxm as only a. m yield of para chlor~bensoic. ngtrils
Tf_f:d be. 4bmw when the product wes aeparated by stesm dia-
L ;ftxm. mich of the nopsvolatile meid rmim mixed with
- tar after. stesn d&ammw.

x,amew sevaral precedures mre tried w#.ma view of

g the best conditions for a uniferm method, the use
)% ecetic acid for formetion of the emine salt wes found
y pefernble to the z.wa -of minersl acide. Completse. M&za%&a&
Mm wes mgm‘ secured in most coses by this method, since
mt only ere most acetate salts soluble, but the concentra-
_ted egetic 20id itself hns & considersble organic solvent

) s The .stendardized mothod as m&m@am ‘may be amlud
put. ammtmtimm condition omngw %o, the introduge

on.of shlorine, bromine or icdine into.the smine desired.
4 The percentage yields 4o not dmwmamm the
dardized method from those using minexsl scids, a 778
age. yiald being obtained by the standsrdised method
1st §0% for the procedure using halogen acids and 75%
at of -She aeia. sulfate, (‘mu 1, ;p&aa%)

,wpmotimly i&mt&m& amma eral&s when the Mumw
it 48 added to a cold ouprous solution below &%. or
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when 8dded to & cuprous solution. at 1 0°C.. The ammgn m«m
o f;mm :wplmmt» at 89 is ?6% a8 aéupwv& mt.th 'M% 412 the
dstion z; made 8t 100°, « The m&m amuum amtmta
m mmma 88 m the. relative merits of tm hot end
m@hmu are. ﬂma m&amme& in pam a& :Lmty. tha baz,mm
amm yield probsbly verying. dely with other
m:mea. The . er yields mumﬁ in case ax me chlorine
ureplacements. in.the hot as nmmmi m the. ea&ﬁ. (Table I,)
oex @m@my be explained. by Erdmenn’s aaammputmn “tamperature!
k “/"‘Mt. the. b id . mﬁmea&mm of the mmy matabw ohlor-
oopper complexes. giving x:&m to sbde resctions, largely
;,,,aa of tas formation. The character of the tar t@m«d Aure
Ang the verious replacements differs widely. The plastdoity
,,,,Ma from e herd, brittle form to 2 soft pasty oil which
408 not. mmm noticesbly on standing for weeks. The aold
f‘\-mm mm prethe for. pumsaa a:r mmpwm. not
ﬂaae.uae of the msm,y higher.ylelds, but beceuse the
ive ‘Tenge of “aaamas&um Mmpamtumu' 18 covered,
‘since the sddition is mede et 00C., the solution sllowed
%0.8lowly reach room temperature and then hested to boile

g when stesm distilled. The sctuel moledular influence
“m amine iteelf is probsbly thus more & factor in. %hﬁ

. M&nnﬁm of fahl& I, paga 5&, ahmn %hat whem
;k;,,:;i;‘;‘wr&as, bromine and iodine um mwmm ima t.ha am
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ig;,pm m»aam amine in the cold, in ell three n&s of replaces
s the wwmtagc yialas are in the erm Br>: z 7%..
iw!.a%ims hatmm ﬁm two um;ruma are uz.sght hm'enu.
ng&at hm 145 in the case of zaam iodeaniline. The
nlmmm at a.em giwa the ratio Br2 x>m., the
sxtremes being agein 14%. The average yields in the two
Mma 85 shown by the tsble, {page 5&.) aves.
~Bromine. mwmmm - BR% #2003, e 45 .hot.
,xmm .f‘_ L [ B 9% 83
em ", MBI e8E M ",
:!?, %mat&m of tlie halogen present in . the necleus |
rently has but sliaht influence upon. the yield of the
roup introduced in the case of the thres para monohalogen
ines - The slight deviations. noted apperently follow no
mm&ﬂmt order end are of too slight an amount 4o ware
' any m&w&m* The everags yield far the . m“ re-
vmnm is very mrnm in au thma aa‘lm aa shmm by
_,,@rnﬁ.lnm Table ¥V, which embud.in data from 'swu I,

‘m’ mwwe of 01, Br, and I yields.

mmmum Br-Cl M ) -?.?ﬁ ... B8 9%
1*@1 73 | ” | 81

. taalBreCl 74 | a8
ere Bremenidinel 3TOL M8 L0 | 90 L0
- Bzwx 'm L ng o

Para xa.auam ailine |I*

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



93,

WM’W&QWM&& ehloraniline mw o
! ‘lover yislds then the pare chloreniline even wen
ym,aa ave correoted for mmm:a loss in mﬁmm
mm gives s percentage yleld of bromechlor
ene resazkobly olose to the ratic of Br>Cl in the pare
: the properticn 76 (pCi-Cl) : 84 (pCiBr) s
i{w tawm i oCl«Br requiring & yield of 55% of ortho chlore
‘brombensens against 54% observed. The mete sompound, altho
ma 8 yt.nM of mete dishlorbensene pmuamy the name
48 the ortho, gives & snzene yield moch lowsr
m dichlor, 3% QAeBr mma 49% fur CAGA.
2owe  yields mmmwmammmmmmw
875 hence de entirely attributed to their Mquid chersoter,
}w %0 temperature feotors, since in both cases the heavier
“Broming mammz would surely give the grester yield,
~mm the mmay :w noted in cese of the. Bete. chloDedrole
ar B ). tho zmma in case of the orthe dompound whioh

- renats more um;&y like the pars vompounds.
VI, The use of an amine con aining & positive nitro
oup in plade of the negative mmm m. {Table IIX,
m,) gives but mm * caange. in percentage yleld in

“pd tro~brombensene ﬁﬂ-da
Prvtly MW than mt ml’ m Mw

m tnis 1 nay pmy socount for m P mm; m
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mymd, but here 8180 the mete amm drops %0 2 Wyu

in tho chlorine veplacement. Contardi s, etates that this is
pm»m due to the grenter wtebility of the copper mlm |
pal oediazoniun compound.

: tion of bromine into the mete nitro oome
M aives o mmw different result then the meta chloze
eniline, einge the yield Jumps up from 56% for the chlorenitroe
bengane to 74% for the wmwmm, while mets ehlor~
m&m gives o drop feom 49% for the ohlorine peplecament to
3% for that of bromine. This effect may be attribited to scme
‘;m%wt 8t lesst to the ohange in mmmw. ho other tmtum
mast enter, ainoe the order Br> Gl still holds for the ortho
:m ‘para nitwveniline replacements. The presence of several oone
mwmt faotors 4o ovident thruout the whole series of roplaces
ﬁm@a, ammmmwalmm seems to hold exocept thst in al)
vm the para compound gtma the highwet ylield of the MM.
Vi1, Tebla 3V chowing the results cbtsined when mm
mxw are substituted for ouprous, confirms %o a considorsble
agxmme the statement of mmmm so that the yield in this
:m in pmw.cw the same ae in the ﬁmw &mwm
im in some osses better. The introduction of ohlorine into
gm mw snilines by thie mmgm. gives y.xelds

@t 20+30% lower thon the gorresponding cuprous selt replacement,
nmm ‘kwmma replacemants sre from 4+6% higher. |
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The theories of mechsnism for the mwn Tenation invole
g, the oxidation and m&u&um of. w;amn uzm mst m«m
f _;;eﬁ as untenable in view of the sbove, or a difter-
mmn&m hﬁ essuned to teke place in the two cases.
The substitution of nickel, ferric, cobalt or manganese
s?-nrisiea in plaoe of ‘CUPTOUSs: ahl.orma given. appmimt&y
;;the seme ylelds se when no estalyst at 81l is used, ‘while
g&yma ,,_.mamm ‘gave yields but little lower _then the suprie
mam* The difference in ‘behavier betwesn the ssltie may pos~

‘ - be attributed to ’ehe gmamr esse of oxidation snd
"";,j‘etim of Fe'’ then Ki *or Go**even tho the latter are
serer copper. in ;ma‘mmmm«a«amnm¢ ‘The nonsaction of
‘farric salts seems diffecult to explain in Phew of the
:;}ixmaeaa obteined with e{nm*ia salts and :furth&r investigation
;:shmzdﬁ sbe: made on this point. e | |

| . The -grean eolor often mtmm m mmdﬂ timma by

‘ »Sam&mww,~,vmmx: ‘43 dndoubtedly dus, ‘88 Holleman hae
ted, to numsc or -other reduced nitro ?mamﬁu for
wralmmsm&aam‘ The-color is only noticed only -

. the presence of cuprous and ferrous solutions, which poge
a8 ‘;a,azxamaw&a mﬁmingpmei, and is not mmam.m thq |
f ence of thgﬁ;m:&gxza cupric aai tions, or in the Prasence
ydriodic scid which resets with any free nitrous scid

ppont. The color is slso a,hmm m all cases whare the _
‘xmtian is wnduated hot and eny nurwn aw:td imwc inastant~

smoved by ebokiposd tion and volatilization. e
Althe the mmﬁm of mm ar hsa m wes muaad in
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f,jtd.m. %he mmt w@a mrz; : tn wusa mmn

1. aath t ar thasa iving tkm am y&amu. (@a.m,
.;}« were u&aﬁ, the W@r pwn&uet :m t&aaaea fmaea haing

z.a, wgathex with ag0. mmt. By tm math@é of pupe
astion used, the. Mphmyﬁ. tmnpounda if formed remained

th ‘&ha tw, nz:d in many mnm aauld ba absowaa wyatm:lwh,
B wyamfs m tlm mrfaea ni’ m ta# xr aprmk
ieffm em mm pnpaz«.wmmby mat of the. tam mt%xv m ab»
f,fy,ﬁw’&m* %za m. fmau. hwevar. tkm tar mmtm 13 8 mmh

wt in.

wer _rmtzm then the aamm one am nma the pw&wt

‘&»l Lo beo &ma&y ﬁ.lmm © £f previous- ’en the tar sep~
_aration if insoluble. The tar in such o osse will then dgpos
m&t almay zn the diaeamm f&ltmte. %&n xt&m c‘tmullatim
u used es the method of separation, the awm;it«im of tar is
“'*fv‘vimmkm during the heating prelintnery to end during the

' d&aﬂ&lmﬁ.m. but in mﬁ case &am mﬁ interfere

2 1t is nonevolatile end is left in the distillation flask.
4 ;mammae& thet nomevolatile compounds be. filtered |
"mra mmly than Mmmw in zm Mmmtum; sinoe
y tor cmmwat&m is tmﬁ gma,tly ruﬁuum even Af the
_L,,tn m@m,y lower.

mmm the ter tamtmn is amarmtly & slower reace
’ ,:Lt gmazhly w urim fww ‘the pnlmammnm of a

‘f ' m& w Hmar ”®e \m mt. wmm azmr rma tha.t a: Heller
however in that 1t is spperently move saluhln then the easily

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



sacoposeble, normal Ssndmeyer intermediate, but resembling
in being mro stable, Further study ie needed on thies ynm
ver, before & definite statement can be made.

| A ammwm method of progedure for the Sandmeyer

i,wm%m has been developed and m be appiied without ocone
‘ammum ohenges for the :lntrmaum of ohlorine, hrm&m
"tw dodine into eny smine desired.

‘jf;  Using this stendardized procsdure, & :'mm number of xuns
have boen made and the following generel conclusions drewn:

I, The ylelds o not differ widely if e reaction is
wm.m out at 09¢., or at wa@a., at Mam in the case of

w pare halogen amines, |
11, The Wmmtm yields of the mmaumw derivie

,[;wm when halogen is introduced into ortho, meta and pers

‘Balogen aniline or nitveniline are in the order of Br21>Q,

‘ '}wt in the fmm of meta ehwmnm. ﬁm'a mmr,

11%. In ym M(mm mima ot hmt, the mmaw of
Aha halogen stem present in the necleus shows but 1ittle dife

rence in influence upon the entrence of s second halogen

om, irrespeative of wnether it be ohlorine, bromine or iodine.

| IV. The pevoentege yields when either bromine or chlorine

m Antroduced 1nto both monchalogen end mononitm snilines ore

4n the order Pare> Ortho >Neta.
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78.

‘ E’?‘ Para nitro-anilines give approx&mtely m seme yields
o mggm muma, but the ortho and meta yielde ers
derebly higher, sltho in the same order of Pera>Orthe>

‘f;;f‘f’ Cuprio ‘mm nay be gﬁbatitutea for ocuprous. mea”
%h?mt alighﬁy luwar‘yia?wa when ohlorine is '&ntmduam

a éwn highar yields than wim cuprous selts when hrmm |
i mtmwaad in the case of pers halogen emines.

VI, Substitution of Nickel, Ocbalt, Ferric, or Manganese

‘ for Cuprous salts gives yields only of the samé oyder
vf‘m a&talzmt is used, whﬂe ferrous iron giwa Imt »iught-w
m ‘yielde for the chlorine mmm«um tm do Mpm&a

vazx. The tar formation elmost umvamaly mcmw&ug
ﬁm aaxadmyer rmtim hag been found ta be the rmzt of
,n ww resction than the normal one. Suggested mdineuuom

’ been made to prevent comteminetion of the pure pméum
_rvemovel bafore the tar formation tekes place.

IX. From the dete found, end the sppevent lack of any
onsistent order by which it may be interpreted, the conclus
k ?t affax*m by Heller, Erdmenn, and others seem true in

,’ tha &anmyar rmum cennot be regarded as that of
ngle resction, but rather e the result of seversl cons
mt or simultaneous reactioneof varied velooity and
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