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ITRODUCTION . |

This investigation ie intended to present & study of a
well Imown remction on a guantitative basis, with & definite
gtatement of gquaniitiee of resoting anbstancms, expeﬁméﬁtal |
cenﬂitioas imposed, and of qu:mtit* e ef mmlting snbstamw; |
Thm work was considersd of intereat since so meh af the
literature of orgaaic ehmisﬁry lacks stwd&rﬂiz&%ion, many
imeatig&tim being reported aimply 88 & su?:stame preparsd,
eleng with & brief account of the mode of prepsration, The

amounts M’ siartiny matarialn, the dofinite ezpermen%a!'eem
ditions, the natnrs and smounts of various by-pmﬂmzta' ab’é:aim
23, and particularly the gquantitmtive ylelds asve %too oftenm
omitied.

The remction chosen for ihis invostignticn was the ré-
&m‘“ on 0f arcastic nitrs=tompounds by alkall =le wlmtm
the redncilon of nitrohenzene. for mét&%e, by sodiuvm m@t}a-»
ylate in methyl alcohol solntion haa been known and uwed sinee
1882 when ﬁlzmﬁ-@fgnvm studied the roscsion, bub 86 far &
ean be lesrned Irom the literature, no atiompt has besn made
to chesk the amount 0f ssoxy bonzone formed with $he amomnt
of so&i:m ‘methy ate ozidized %o godlum Lormabtes Ilingey pave

the sgunation for ths raoaet *e;n.

4 UgHsW0g + 3 H80CHy = 2 (C4HeHal0 +2 Hi® » 3 FaoOCHO

L
B
&
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of the methylste, and no investigation of this point has
been recorded by any labter investigatiore. -Laem:};mrmng
with sodium hyiroxide and methyl alcohel, stated that the
amownt of w&ﬁe_r mresent in the aloshol had 11%tle offset
on the yield of azoxy banszene, 'Eia used 8 very soncentré-
ted soluition of sodivm hydreoxide to obisin & gnantitative
yield. No definite aindy of the effeot of water on the re-
dustion of nitrobanzens had besn made. ;#i'l}.geredtggmted

t:hgt the wield of pedichlorazoxyhanzana ig degresasd. as the

T W am P STl R R e a3

s8lechol ia diinted with wamr, He used an alechcl S 3010~
tion of potassium hgﬂmﬁ-&s as reduecing agoent in his OXNC T
imscnis. |

In the present invest ig‘atw Chy the ancunis of azaw

banzene and of sodinm metlzv'm*e fomed ware dot emimé whan

-

varying anoants of water or of syridine were nresent in the
resction iuix’mxre. it was fmnd that smail smounts of thess
suEbstanses had & grest =ffsat on ihe aztent of the radudsi

A sompariscon of the yields of azoxy compounds and of
aﬁe odl |

nm formate prodused when the nitretolusnas and the
ghloraitrobsnzense ave vedged by sodium meihylate ja in-

slu\wd ig this siudye .
Fi y it was considered of interest to compare
the effeets of godium msthylate end of petsssium mothylate

2 A....L..Lu L B Ao s e i W e Ve 3
LIAfR SBYRTII VS I30% OrOTOGINREONS e ECT RN

a8 _1.16;,:.
ventigation undortaken ic ssonre dntm bearing upon the work
of a apeeisl committee of the Halbl Ma:i Research Council to

ascertain the fonsibility and desirabi Iisy ot mwlamng

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



potassivm compgunds by sodimm compounds in the operations
of both bure and epplisd chemistry. |
HISYORICAL. |

?i‘}*nl. in 1845 heated a&»..ahal 1 %e'mﬁm hydroxide
v*ith ni.?mbensme. and ohtained 830Xy bensene, mong with &
brom notaesimm galt insoinble in alechols _ ,mrisvo used 80~

nitrobenzene

Aium amnlgsm and / in acstie acid and obtained &zo ‘benzens.
Alsmja:fxstmateﬁ nitrobengene in alecholic sclntion with
2odinm cmalgmn. made the solution acidiec with seetic aeid,
a:xa, sfter heating obliained szoxybenszene and & small smount
of ezobenzene. Xeknls discngsed the relétianahipa bamemm

t %mm

p & g - .. 2
I.I.(w ER e S+ asduste of srome tie nitrohodien : -:‘.lﬁm'} afd

w W -~
‘latax' extended his work with sodium smalgem and found fure
ther that sine anet with notass ium hydroxide had practieally
the pame etfsct on an alcoholie sointion of nitrocbenzene ms

5
acﬁim somirmn. Leaenssk reduged I alcoholls se ation of

aitrohenssns with sodinm aydmoxide and chialned szazybs .zﬁz:’.e.
&
Sehmidt and Schults obtained azoxyhenzene by reducing nitro-

hengene with an slochalie golutiaon of potaasinm hydroxide,
?ianmh?&na' Hallach snd Xiepenhenr investigzated the Lormae
tion of the 00Xy azo=-coapound vhen &zoxy bonzene is fr,z'gm;e&
with warm dilnte sclrhurie acld. Schmidt agd Szhultz in

studieg on azohenzene, recomuendaed & preparstion of Azoxy-

tasolvn hoedyowd da.
cRas: DWEPDI N6,

The yisld of thelir method, aowever, is low,.
£linger dizeovered s new snd betber wethod for the

reduotion of nitrchenzene %o the azoxy compoand. He used
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'soaium.msthylate in & mﬁzhyl &ieahol sclution &nd ab%ainea'a
qusntitative yield of praetically pure azoxybenzene, He hﬂ&f-
ed his reaction mixture to beiling, comnected wfth'a reflux
}oandmsar, on & water bath, and after five or aix szms, dige-

tilled off the exvess alechol and pourua the mixture into
water, whers the asoxy compoand soli&ifiea¢ e represented
%is ?ﬁmﬁh*uﬂ as follows, but gave ne experimental evidenes
for his can@iusians:

- u — =% -

& ﬁ;g‘;_ Ja + O Bad g —2 2 féqﬁsﬁ}gﬁ + O HCGUgR&a « 3 Hao

EKlingsr remarked that 8 lnrge exesag of sodium methylete
‘hastened the reaction, tat &8 larger extcess wag NECOBIRTY
when poizasiam hydroxide was the redueing agents alcohols

of higher molesular weight invressed the vigor of the resge

e
fa
Lnltsehancag&y commared the 4% fferent methods for TS~
paring ssozyhenssens, dontTasisd Fislids, &nd ainied thet he

could not cﬁtain,as high 8 3£éld with Zlinger's method as
with alexeleff’s. Moltschanousky probably etarted withv*‘-
pure methyl glcohola

BErahl grsw“feﬁ alsohel free sodium methrliaste, snd used
it a8 2 reducing sgent for nitrchbenzsne =uspended In xylol,
chtaining & gquantitative yilelf. He 2lsc preparved methylcies
of the bovneols, menthols and camphors.

i1
Lechoan was lad by the statement of {linger, thai ore

2y
o

vl

dinary methyl slaohol ofien eoniains moch water, Lo return to

Zinin®e nethod for preparing asoxybenzeone by ths use of slxalies
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. m. alcochol. Lachman ussd méi‘.hyl ‘aleohel and scdium hydroxide,
atating that the glacihaa must be ketone free, but that the |
anount of water present in the aleohol is relat ively withoud
influence, i&aélixzmn obtained & guantitative yield of asoxy-
benzene by the nse ‘¢f 8 vory concentreted aclution of endium
hyﬁwcxme. Lachman concludes his artisice with & disoussion
f)f tne wrmus Torming propogsed 0¥ KE0XY bHensende |
' Bvans sad Fotb Bc:hliemaé ni?ro’bemcme in a*h;gi slcohol,
wiﬁh magnosivh emalgam, and osbizined szobenzene in quantiitaw
tive yield. |
- 13
ivang and Iry heated nitrobengene in ethyl aledhcl
with magoesivm o “W;;r.;ﬁ. he predset mus & ninciy per cent
Field of szoxybenzene. When methyl alcohol was used &8 &
,;1?3 ni, Azobenzene was ?n":‘ ined in & yield cri' B840 per cente.
£ the z:a:::::,ti:m o ¥ the twe zlschelic zel
®ag att.z'i_mtesi i:r; the fagt that maoweing methyliate was forme
24 in the Iabdley cams, arnd the nascént hydrosen redwmed the
O produwet. o the aso-ztage, bile in the former csse, ne elhy-
late wes formad, znd the rezcbion eiopped gt the azoxy-siag
To tea‘; thig assunntion, sleohel free mammesiuvm methylate
and nagnosium athylate were prepared.e Jhills the methylste
is soluble iIn methyl alechol, the athylate is relatively in-
zolubla in the corwesnending sleohsl, hence the formuer i
mere veadily oxidized. Jnen nitrobenzane wee dlezolved in
méthgfl aleoho 1, acgne sium mmaloan added, scd the Fiole 0w
godure carricd on without beliling, azoxy and azgshonzene wers

Thue the zmalgnam

.

fd
134
%
3
3
i
'ﬂ
%
i5
[y 1‘
Cé'
&g
-

c¢hinined, the Hromer in
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?educés the nitmclompound to the azoxy-stage, and the nascent
“hydrogen formed with the methylate raduces lthe azoxy compound
Further. Erylglgo found that magnesium and methyl aloohol con-
stituted a very ef fecﬁive reducing mixture. |
Eeieenheimer studiea the effeat of potasainm mathylate
on nitrobenzene. At ordinary temperatures, thers was no ree-
action. &?hén heat was spplied, the methyl alechol bolled awey
{140°=150%Ca ]}, 8 reaation finally took place with great vigow,
and a8 derk so0lld mass wes »laft. :’hezlzy sodium methylate was aaed, .
b’.’f}h..é regult was azoxybensena, Alle;gméﬂ Perrous hv&roxiaa as
' 'rédnc:;zzg agent, and mads a very thoroupgh anslysie of his reduc-
tion ‘nroaudtm - .
| “et:rieésx’edmed nitrotolnene with sodium amalpam in al-
kalina solution and believed the produet o contain azoxytol-
| u@z?.e.,: S_inée the o-meand r=nitrotolnenes had not as yetvbea

i‘x.lly gifferentisved and recognized, and the properties of the

oo

azo-ana azoxy~producta were very imperfeetly known, thers ig
some doubt about these products. [(See Bospjichhw, J. Chem. Soce
(1688) 825), el 100 used sodiun analgame |
| Eerki:rjispreparad o=azotoluene by the sction of potsusium
- hydroxide on c-nitrctoluene, mingeigﬂtaﬁea that when sodium
; nféthyla%e reacted with o-and p-nitrotoluenes the azomf compounds
werg not formed. ILater, with & definite concentration of sodium
maf?:hylate, he obtained c-azoxytoluene, o=%foluiding and azoxy- or
azzé«aci{'is oo b;'ze reaction mixture.
Gulﬁamui)*educﬂd o-nitrotoluene with zine uua% in alege-
. .}mlie sodiom hvi{*"oxi%e, and obtained ths am::ytoluanm

f
;

I“e‘ 08 and Fry trested oe-nitrofoluens in eoilyl aleohol

Reproducéd with pérmission of the copyright owner. Further reproduction prohibited without permission.



/0 o B

§

with megresian emalgam a‘m&nv g o 50 par eent yield of 0~
azoxytolusne, About 38 per cent of the Ounii:z:etclneue w88
ragovered nmaeed. Fhen mathyl alochol was us °d, o-az0t01~
uane was obtainod 83 the ashief producte. The yisld wss 6645
per sonbe ﬁaéﬁ:ani: hydromen, liborated when the methylate was
formed, prodably acesunta for the differsnce in products form-

ad.

wepityetoluene with sic-helle notnesinm hydrexids. He thon
gimtd 1lad off the slechel or & water bath, and Then distilled
Ine ywiaz;a cver s open flmme. azchenzene rme the 81atflle
ate, Yere soexyhoengont wsr probibly the fired nrodmnet, hut

mmvaried o tho nag-conpeuvnd on &ls

L%
]
Lodly
J17]
&t
el
el
f 3

selowsky troetod su sleehnlic zolutlen of m-nitzolelucse with

E ¥ . ot g B - -
aedivn snaligom, ant ohizined mews

>~

that m-nitrotalaens o rednotion with sodivm nmelhyiate i‘am-
&5

84 u yellow smorvhous compeund. Puohis =af Scheclobeck
reated menitrgtoluane iR & polintlion of eoedlum hydvaxid

=ud methyl ¢ 1%@:_, Shiagining *n«"aac’:yfclw ne sg the r;rc&nct.
- Harige btreabed p-nitrotolvene with codium amelinam,
and azstoluene f.a‘}‘m‘i. Janovs}:ym suné thaet #ien penitro-
Ltolvene was haow w with soflun amclipemn, pe~tzotoluene wud @
razll zmcunt of peasorydeles e were Sormeds T “iov*z'g gile

$i2d Janoveky®s resnlte, sof adled et In elecholis solae

e & o oo N N 2 - g PR b 3 o .
viom ths dugtion rraduesd ihe hydrase~commound zlug,

29
T [ QR SN 8 E S 5 4 - 3 H |
S Y g e i s 4 v T, T e e + & » Py oy
h/ﬁ.?:,_\, SR FaS LD LY JUnSssTyvian Lvhe "u;} 3\)?;(;11 [ w':)l"'
S A IO P O L IR 2O N ik Y . E %Y , - -
ntinoy troatad Thoesdinm wmnlson, the more asony-ecnntuad
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. 28
waa formed. Potriew ammncﬁd from some Turither etner%men‘!*s

thst ®1igquia® nitrotoluene is readily reduced to azoxyboluone,
and thence in acid solution to tolnidim, but that 2011d nitro-
tolusne does not readily undergo these ehanges. "
Perkinagrapare& p=azoxytolinene by the use of godivm

| amslgm. and then tried the affect of aloosholic potass fum
hydroxide on p-nitrotoluene. The latter resotion d1d not

. yield the azoxy-componnd, but & red amerphous insolubis Gome
pound wieh decomposed ab mgh t‘mp&ramm. Klingersé‘btamé -
8d 8 red amorphous indi {ferent auhstance va‘.!,éng with ac.mé of
undetermined 60@091%1@3. #hen 'he‘ heated p-snitz'otoluana with

. aocdium mothylate. Ilingeor atieompied to asal gn a8 formuls to
the red substance. He ccmi&emd_ i1t n condensation product

-

formed from azoxymmene with the loss of #ateTs Ia later

3
0
3
3l
5g
4

articlss Zlingsr sob forth farther sinaize strmetare
of thiec and pimilsr amOrp} mgﬂa, solnred, .,msa-‘eames. -

Bender and Ee@iml“g redueed peniirotolusne sulphonic
acid with gine and potags *um hydroxide, and «b“ﬁ*aa& rct the
am-eam;}ouna ‘-,.ealeagdescmbe&-. b3 the toluidin compound.
Bender and Schultz also siudied the red smorrhons emsmn&
bo‘b{;aine& by Zlinger asd otherg, and %asi&a rad 3t 8 siilbene
derivative.

34

Janoysky and Hicmann nremred 'n-aze‘fa oluene, with &
small amcunt of the azosy~conpound wregent, by the sciion of
zine duoct in concentrated sodium hydroxide gelnsion at 1CCeC,
Janovsky contimead the study in 1nser sorke. He cbininad twe

isomerie p-azoxyiolusnes, one melting at 708, and the other
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at 75°C., from the resction of zinc dust and soda on pure p-
nitrotolinene, These eompounds were redused Yo p-toluidine
when treated with tin emﬁ hydrochlorie acid. Studies of prop-
ertles and orystal measurements wers also made,

Flacher and 'Heppsgeate& p=-nitrotoluens with ‘e odlum hyw#
droxide in methyl aleohol, snd obtained p—dinitrodibeusyi &
small amemwnt of p-&iai trogtilbene, dinitrasostimene and 8
larpe ancunt of the red amnrphcma comnonnd £ ret ﬁéscribﬁa by
Perkin, _i*hie gompound was cbiained alaso when pedinitrodiben~
zyl was redused with eodium methylate. 4 dlscusaion of thise

amorphous compound was glven, slong with some resctlions of

%)

ml‘:tsd acmnopnds and referenges 4o voriswe arhiclice on dyes,

s3tution was 8t11l unsettlod,

Sahaié‘s treated penitroloinene in ether wi with motellle’

- sodium, Fhen equivelent smonnta of scdium snd the nitirocnmu
pound were med, a amll amount of pe-azoxytoluene wes obtain-
e&._ The chief rroduat wsas a bhown mubsitance which, then trant.
ed with hydrochlorie aciéd, .“omed the red compound of Perxin
and Liinger. Schmidl consi Qered this o be p-azoxydihydre-
stllbene. ‘hen excess scdiwvm was used, the yield was chiefly

otoluene 7ith a emall asmmnt of the mzaﬁg-ccmymmd. |
Evans and 5’1”3‘3? rested 8 golntion of pe-nitrotoluens in
ethyl slzsohol with magnesivm ‘&mlgma. After pmlonge& boile
ing, the yield was fouund %o be ninnw =& cent of the theoret-
ical yield of p-asoxybolucone, fhen nothyl sleohol was used ine
stead of sthyl sleohcl, p=-azZoioluene wae obitainsd, in & yield

O0f 2349 per cente Thirity-eisht ror cent of the D=3TORY L luene
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- wa8 resoverzed nnchanged, and p-v&zdmmztmm wng obisined in
& :;:ieia of 32.2 per vente The yenciisn wae thus affooted by
the frrmaticn of mapaes imm methylate, wilile In the firet case
ao ethylate wuas fomed
Srawagiﬂshia aoewo rors hove mde an in‘onsive atudy
the red scmpound {irved ch*ﬂiﬁ.zﬁ by Periin and by Flinpor.
They eonclude, aftsr much resssreh, hnt fhe suorshoue cone
- densed compousd 1o dinitrodidenzyl or dinitrosiilbene or bﬂtix.
For tnis work, soe the bibllography (mwmber 38 for refersnces).
‘vamm maarked thst the shlorine in ehloraitrobensene _

in so ‘tieistly brund Yo the zing ot #hile potasmiuvm hydroxids

5“;

' .«.sd“’*  t53 nliTo 5Toupe 1t dooz not affset tne ehlorine. de

obtained az;' aEosy-vonnouad on rodusllion bal surmised thad

-~

ihis waa *’e-mm irom p-chiornitrobor nEene eontsined in the O

% s B B L N —— s A e, Kamte By -~ [, W RN o By e
SRIgrsissonhonsons 2% sk ko oas I iGCe Datoaam ons
-l
L
n o » p ¥ E
Dagrmar atated st ardlim has wo effat on an etherend molu.
Biogm of Tiiaadd” ghinsnitrobania e (B0THR THE Eentyl Tha e

chlornitrobonsenss am liazﬁié}.’_

tolzy do Bruyn Srmtod oechlozniirTohossons In Bothyle

¥ g 3, wrdd Y - T P & p
aloched with sodias nethyiszto, znd obi winsd, aficr heating %o
e ok st Y -, N S TS TR, 2 T T | g I . >y e
% Ge i @ 2ualod bubeé, 8 PiIcld 9 seniirounisol. The ontle

metion of ekloxine In the rosides scrrsoponded with ‘he anfe

oole formod, showing 2 Jusnditetive violdes The hronine come

und 0% s iniluriy. |
Arand gm stod ceghilornddeobensane withk & nizture of

godtium "‘*’!““‘hék%ﬁiﬁ in wmethyl aleoksl, He found in this study

3 . v, 2 3
that (7 giroas asthristie 2ol ding, c-{ichlinrasobonnens mae
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formed, In moderately dilutesclution o-diéhlcrazoxybenzene
was obtainnd, snd in s very éilute sclution of sodium methyle
ate, o-azoxyaniscl and dlanisidin wers obiained. |

?chligoun& that scdium iodide had no caﬁalytlc effbct
on the raplacement of the chlorine inm co-nltrochlorbenzene
and in p-nitrcehlorhehzene by the =0CH, group of sodiom met-
hgrla‘!;a; In moat of the organic exl asiées atudied, scdivm io-
d2de wag a8 ::r\s*;*sve@%"m* for this Te p}.aeevent.’

Bé éaeoy h%pi‘ﬁ &mx‘z"m ©f o-nitrochlorbenzene and
godium methylar,a &t 85°C, and obtamea a qmmmamva yield
of o-nitroanisol. 7Yhis is interes ting in that complete re-
its gh‘rz;ra By oxgriethyl occurfed with no ree
dpetion of the ni LP0 EYCUDe

Lenbenheimeyr and w111 “hested meohlonit chengeng
_itﬁ an sleohelic 2olution of poltans ium hydroxide smﬁ b=
tained m&ﬁiehlemzawbenzem as preduct. Likewlse De zicoy
reduced Mﬁlnmi trohenzene =itk sodlvm nn*&g’nte znd b=

teined the sar@&nroﬁuct.

Hevmann vhe-msea penitrochliocrbenzeone disgclved in
gloohol i fh polaasiam hyﬁroxidﬁ, ohtaining p=chlorazoxy-
benzens. Hofnemr and Geggar“ disaclved pechlornitrobenzene
in ~Cther and sdded sodivm. The metal blackehe& and crume
bled to & bluck nOWder‘ In water thig sudatance furmed die-
ehlorazoxybenzeng, u&ﬂb@ﬂh&’ﬁer and W1 liﬁgmbtain@a Dedighlor-

azoxybenzeng from the niftro-grmpound in an aleohclic aclubion
of notaszxium hvérugiée.

#illzerodt throated p—-m*ma‘ﬂorwmma@ with potagsium
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hydroxide in methyl alechol selutime He obiained p-nitroanie
g0l and p—dmhlo*a:rexyhenvene. ¥hen an ethyl aiemh-sl solution
was ugsed, the p—nitmphenetol wag obisined. In dilute soluw
‘tion, potessium nitrophenylate was also formed. Hhen the re-
sction miztures were heated to 150°=200° , the reduction |
yielﬁeﬁ p-cichlorazohenzane instead of the asoxy compound.
Dilution of the alcohol with weter diminished the yleld of
dich 10?&30:&3%&:1 2ENGs |

Emamxyaw;& cthers pre:pareﬁ peazozranisol by the TG
dugtion of p-nitiroanisoel with sodlum methyinte.

52 _ _
De kocy treated p-nitrochlorbenzens with sodium meth-

-

yisto and chizninsd o gquandtifative yvield of penitroanissil.

e

loc ity sonstants for the formge
53 .
tion o1 the anizolss from shlioral trsbenzenss. DHlog studled

He ealoaisted the reastion v

Y
&% o an vy 2 e v D R s 4 3 & an 3
Sho roastien 203 Hun hat anuems 2lecshel, at 7o, Inhi.

bited the formation of dichlorasz zaxvhanzene,
’ 4
~ Mc::z:.s*nsaaséf:a-‘é Yhat the anount of asetaldshyds zrew
sent 1n *the alocchol inoreases the yiela 6f dichlorasosybons=
senee 4An ingrease in the conceatrsition of the 8ltali, or &
vige in tempersiure also favors the formstlion of the s%0xy

emupound. P-chloraniline is alwsys formed in anvreciable

q,A

gusntity when p-dichlorazoxybengens is fommed to 1arge eXe
tente Titrorhenol is slvays & by-produet vhen shlorniirc-
bonzsene iz heated with alesholic ‘31'“ i seiution, fmﬁ the

yield is incresued as tenpervabure and strength of gsolution
ia raiseé.tﬁ‘ougn'sjigﬁtly sffecied by the presence of wster

in the vleohcle Hichardson used an sleohaliec solution of
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pctsssium hyﬂroxiﬁe to reduce alt sehlorbensens, and his obe
Jeot was to study the fachtoxys that inhibit the formmtion of
the chlorazoxybbnzenes,
ﬁﬁher methods f@r‘the redustion ¢f nitrobonzene and

aaalegngs cmpoands will bes {mund lictsd in an srtiels by
Snow&onéﬁen *The Blestrolytic Heduostion of ﬂitrchenzenﬁ“;

{Je Thys. Chem. 15, p 682}, Lisny related compounds have been
Teduced by various methods similaf to that used in this inves-
tig&éion; but thase eumnnot dbegiven here, sinee they'are boyond
‘the scope of the pressat work. - |

A list of roferences 10 colored compounds formed When

nitro~-caupounds resot in alkallns solubions will be found im

60 ‘
the bibliography. The yelloy coloring matter obtained in

most of the foilowing cxperimanis may be relsted o some of

e 3 s % 2. An, o oo 8 e L b e rale dele s .
thoss dsseribod in 46 sorrasspondiag list, thougkh there ssass

. THEORESICALe .

Xlinger investipnted the aetion of di fferent alechols
and alkalies on arcomatic nitre-conpounds, and for the prepar-
ation of szoxyhenzene, recommended & method which in s%311
Zhe most generally used, nsmely the redueition by sod fun nethe

Filate,
s[J7+ 5 mascis— 2 (J¢ + 3 Fa0%H0 + 3 Hed

This zeaction was chegen for s4udy, becsuse aszoxybenzene is
always the firet and nsually the chief produst of the alksle

ine reduction of nitrobanzene while asobensene and hydrosyo-
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benzene are some times formed. Ia acid solution, the reduotioca
usually results in sniline, sand in nentral solution phenyl-
hydroxylamine:ia formed, Allenﬁgt&ted that in nearly eiary
case the result of reduction was not s siagle product, but 8

- mixture of‘prodncts, often contasining cdmplex &ecompositioh
pfoﬂnots. Hence & reaction was desirable which gave but one
reduction produet, = Xlinger's reaotiaa was ehoaen;'and
proved 1o yisld only azoxybenzene by 8 comparison of the azoxy-
benzone a2nd the sodium formate produced, and the confirmation
of the fmet that no sodium esrbonate was produced during the
raaétioa. In other words, the formate does noct act as & re-
ducing ageant.

Since the effect of water on the reaction was to be

gtudied, sodium and pure mathyl slcohol were used insisad of

58
gsodinm hydroxide and agueocus methyl alcohol ag Lahhmanllree-
ommended, for these would rsact to form watsr, besidéa-the'
wster contsined in the aslcohol;, snd formed in the reduetion.
The smouats of the startiﬁg materisls wers chosen for cone
vonience in menipulstion, i.e.‘to give a'relétively large
yield of azoxybenzene within thrse hours of boiling, and
yet the slconolic solution was ao sdjusted that fairly large
'amqunts of water or pyridine could be sdded withoutl degtroy-
ing the homogeneity of the solution.
| THR OBJICT OF THE INVESTIGATION.

The purpose of this iévestigation‘ia to present on a
quantitative besis, the effeet of 2lkall algohnliates onf 8ro=~
metic nitrobodies in varilous medis. Whe resctions snd the

compounds are well known, but in the past thirty‘ye&rs..com-
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paratively 11tt1é'atténtion has been given 1o ihis zeduction
resction, éSPBci&llX to the conditions governing ithse extent
of the reduction. For that reason it was considered of in-
terest to study the effacts of varyiugAamountq,ﬁ%§3¥§§£=water
and'latér of pyridine, on the extent of the reaction of sod-
ium and of potussium methylates im methyl aléohol‘aolntioh,
in the presence of aromstic nitro=compounds. The effect of
potasginm methylate 28 compared with that of sodium methyl-
ate ié.interastiag from the standpo;nt'of the substitntion
of sodinm for potacsium wherever possible, as noted previously.

| | KXPERINENTAL PART.

Apparatus. ,

The apparatus used was very simple. -Fhe—sedueiion-
sisxteses—esaAll reactions here studied were carried out ia
qQuplicate, in 500 c.c. ronndebottomed flasks of_the same
ghape angfabont the same surfrce area. The diametera of
thb bulbs of these flavks were egqual in every case. These
flegks were connected with reflux condensorg having wide
gtraight tubes throughout, 8o that thermometers could be
snaﬁended through them snd dip into the reaction mixture.
The water baths uséd had constant‘leveling dsviees,lytss
rings of equal &igmeter, and the flow of water through
these wes kept 8s slight snd &8s uniform as possible., The
bnrners used were of theilow type and were chosen to give
equal flames. |

The steom digstillation apparatus waa.of the ugual

type, utilyzing kerosene cone for stesm generators.?itubea
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were inserted between generators snd the flagks cbntaining
the mixztures to make it pogsible to check back-suctlos when-
ever necessary. ’

For the'iit:ation‘work, burettes corrected at the
German Bureau of Standarde were used.

| PROCEDURR..

The methyl slecohol used is these expsriﬁéats was
Herck's G.P. methyl alcéhol. The-speeiflﬁ gravily at‘2138.
was found to be 0.7965. The bolling point was between 55°
and 66°C. It did not redden blue litmus. Zests for non-
voletile matter, acetone, ethyl alcohol, empyrenmatiéisub-
gtances, aldenydes, oxidizable subsrances (oxidizable by ome~
tenth normel potassiunm permanganate ), cﬁlorqform,-etc. ware
mads, and il wae concludsd that iz sll csses ths amouats of
these suhatancos ptéeent were peglizible, The godinm usged
wag wall trimmed ond scraped impediately before weighiung.
The nitrobsnzens was Xshlbavm’s praéast; and wag redistill-
ed occagsionslly, B.P. = 203° C.

The other nitro=compounds -nitrotoelienes and chloraitrohed-
zeneg, were all manufactured by Kahlbsum,the meltiag-points

are given under Section (3).

The pyridine wes Baker®s product, redistilled, B .P. 114~115°C.

When nitrobenzens ig reduced by sodium methylste in a
golution of methyl sleohol, mzoxybenzene snd sodinm formste

are formed

N, N
40 + 3 §a0CH; —> 2(]‘"‘\}" + 3 HaOCHO + 3 HoO
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About 150 c.c. of methyl alachol were placed in each of
two volumetric flacks of 200 8.C. capacity, cooled in an ioce
nixture. The sodium (1?§:5 gne for each poriion) was added slow-
1y, In long elender strips, about 245 ome 1long by 0.5 om, in
dismster. The methyl alechol solution was kept mear or at the
bolling point by the vigor of the roaction until most of the .

godium had deen added.
o8 + oCHLOH —— g He0CH: + He

When the a@titm had slasolened, the flasks were memoved fron
the ice solution, end the resction proceeded nearly to come
pletlon. 'The final iwo or $hree pleces of solium were disaol-
ved by the addition of smsll amomts of methyl alcohiole Ths
‘éalutions ware now ncgolad o room teupsratureiabout Zie ~25%Cs }

. in oGld water, and occcupied, ng & vle, 8 3131412 ovor 150 C.C.

w

'v}olume. To each of these was added nitrobenzone (4.6 gm. or

204k nee.) from a h‘é.?é‘;.:.r“ The wolumay wore mnds ©n 25 200
‘cs.e. a‘f' room Sampes a:mw, and the mixftures poured inbe the
500 ceCe round botiomed ﬂm’::a. Tue volumetric flasks of
ﬁf@; CaGe eapacity wore now Tilled b0 the mark with methyl
aleohol, and one of thace used %o rinse inte the round bos tome
ed flask sach of the romain lag snounts of reaction nixinre
in the v:}zwjtrie mw e 80 that In the enl sachk round bote
tomed ﬁ.‘la&h contained sxaetly 250 c.Ce oFf solution. Thess
-:Ela.smv ware then placed on the B :«:l,.zg water baths {constant
level} go that ogual surfaces were heoateds In five 4o soven

miauntes the mizbtures wonld
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be boiling, and they werae boiled. in every csse, thres hours,
with reflux'coudenscrs fitted with thermometers, 8o that the
teﬁparutuzea could be watched., At the ehd of three hours
the water bathe were removed, the thermometera were raised
§att way up the condensor tubes and 100 oc.e. cold distilled
water poured into the mixtures to stop the resction.

¥hen cool, ths conténte of the flaske wers subjeated

- about half 2ull of

to stoam divtillstion keeping the LlaEi |
the mixtura. %he wnuged nitrobenzene and the methyl aleohol
were completely sapsrated from the azoxybenzeuze in the fiask,
when from 500 €0 800 c.a. o£ disti11até had pasgsed over.
Howaever, azoxyberzene to a‘very'small extent is volatile with
stesm. Prom 0.3 to 0.5 gn. would be found in the distillate
on stesm dlgtillstion of the latter and extraction with bea-
zene. | | |

- $he jollow, alkoline rssidue in the flaeks, sfiar
gtezm dfetillntion, sontsined mzoxybensene, sodium formate
aa& ruch sodinm>hyﬁrnxidé begauge excosg sodium wags uged,
Sodive carbonate m@spresent euiy when osrbon dioxide ha;(
been abgorbed from the air, if the stroangly slksline solu-
rad besn left unstoppered. The azoxybenzene collectedat
the bottom. V | |

The &zoxybenéena wag renoved by Shaking éhe regidue

in s one liter geparstory funnel,; with smell portions of
benzens, until the beuzene wi¥ uc‘louger colored by the yel-
low szoxybanzens., The alkeline solution remained deep or-

ange-red. Benzens would not remove thiw color, norwes boil-
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ing with charcoal satisfactory, as thevformafe to bé determin~
ed.m@dfhe sdsorbed. The benzene solution of azoxybenzene was

dried with esleium chloride and concentrated hy‘&istilling off
part of the benzene. The remainder was placed in & weighed |
casgerols, aaé the bonzene sllowed to evaporate io the air.

The szoxyhengzenie goon resched constsnt waight, and wag prac-
tiCally purs., he yield of szoxybensens wés celeoulated from

the equatioa (firet given by XKiinger):

» (}MD:' » we. rure - A—-N"N—(\! P

EROL + 3 EalCH, e L vem g 3 BaGCEO + 3 HpU.

A lesding motive of thieerSQarqh'W&s {0 asgcertain
whether or not the yield could be determined from the smount
of sodium formate formed. For ihis purédﬂe the slksline
solution remsining after the extraction of the nitrobenzene
wag boiled to expél the remaining behzeue.-. it is sosrcely
nagasesry to =244 thatve?e:y drop ¢f the selulizso was ké;t
for this purpose, the rouand-botiomed reuction flssk, snd
‘the sapsaratory fnnnel. csrefuily waéhed, and ths trangsfair-
ence of the solution during extraction with benzene wost
carefully czrried ont, ete. “he sliksline soiutions were
allowed to cool &ud‘then transferxad to onme liter volumste
ric flegks., Yhess were then filled to %the mark with dis-
tilled water, and aiiquoﬁ portions-uéed in ths formate de~
terminetionsg, | ‘ |

wo dirfersunt methods have béen used for theve for-

mete determinations. Three others wereltriea,&n&-abaHAOned

ag inppracticable in thiz case. The first method used wag
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that of J ‘?Sezﬁgvfor the determination of formia acid. In-ft;zzia
case 30~40 8.Ce 0f the solultlon in & 500 CaCe  Erlommoyer were
diluted %0 100 Ce.Cae, made 2cid with sulphurie acid and l;eatea
to boiling with reflux condensor for five minutes %o Temove
oaThon dioxidee The reflux was rinsed éml tuo‘-so:!.ntion 81ll0W-
ed to cools The solution was then mads noutrel with sodlum
nydroxide, (ths indiscator heirig 8 twe per cant aq:mm angnens
~gion of ﬁhﬂnﬂlbh siein}, heated to boiling, and bromine water
added aafsz.i., the coloT no ionger dissppsared immsdlale

boiling was continued for half en hour after the color hed

fniede The hydrobromic acid formsd 8366!@1“1{;’ £0 the e equstion; ;
G{“-\O~ + B3Brg — HBr + O0g o+ HaBr

was tif:r‘a;eﬁ with stardexrd tenth-nornal poisssima hydroxide.
Sromine waser boilsd alone lsaves o £mall guantify of free
acid, 80 corrections were mede :aceorﬁiﬁg $#c¢ hlank munz, bub
these were Teslly negligible. Thie method gave resulie
eheekiézg from one to three per cent. The yellow coloring
matter described cbove interfersd plishily in the {stormin-
ation of the neuiral point befors the hromine vae added.
Thia in »nm made the amount of emm.az-d notagzoium hydTox-
1&& either high or lowe The ywellow conmpownd was decolorized
by the bromims woler a:f:zdft?:is alzo lesscened the sesuwvsey of
the rofmlte 4 befder method mog somghia
an atte apf wae made to separsie the formie m:ia by

digtillation of the seluiion over me*phox .G aﬁié., bot the
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yellow comp&nne. reactsd with the seid, and formed a volatile
mixture. Part passed over with the formic seid, but after
two v“‘mﬁs' boiling, tha phogthoric aecid ﬁolntﬂ.m was 88 yellow,
spparontly, &S @ver. o definite resulis sould be chtained
in this waye | -

The mercuric chloride méthod of Pransen and eme-ﬁgs
tnicated In the follewing remstion

BOOUH + 28plleg— 00 =+ ZEHMA Hglls

i

gw‘&., gmalous results, The yellow compownd was pro‘ba*bly OX=

i‘.:!,z«-& by the merouvie chicride.
he ordinary pertanganaie rpthod in mxen & aoiution

- of fomic aeid is made neutml with sodium cmrbonate and _ti«-
tratsd 55 & Sint Pink widh standsyd potasceinm permangans
rﬁé 43?: work out any Vbettez:. than the bromine method, om AGa
eount of the obgcuring of the ond point by the yellow come
pounde, The rosulis 'mz'iaz: 85 rmeh 8§ two per genty samasiimos
tc:zo-anrl a«~half per cente

& modification of tho sermanzanats meihod similar %o

, 59 : !
that of Scott was st last found $0 be auacema,i‘ul. Here 10

Gece 0F the alkmline solniion ai“uuad 9 D CeCa in & 500

Calin zsrleme:mr Hask _'aere made acid with eulrhuric acld,

then alikaline with sodiun ear*mmsf:e {ag abovels Litmus wms

- ) - L
RHSG B/E P24

— - - P P - L
i LnliGEeToTe UG SOLGVIOR WEE &

o

vommmnrsnate Ton in &rop by dropr untlil some 2R0BE {BeD Gale)
was presonts he solution wes then made ceid by the addition
of 10 Gecs 0F &:m te sulphurie asid, wsll shalken and hoated

Wi

. : - : e s
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geversl minutes near the boiling point. Then atmaaanred at.-
mouant of cna-tenth pormal oxelie scid was added slowly, until
tha golution became colorless. This waa somewhat in excess.
Next the mixture was heated for four minutes at about 90°C.,
with frequent sheking. Finally the golution was tresated witih
the gtundard potessium permsnganste drop by dep, until &
faint piak appeared. The amonnt of permengunste sclutien
egnivelent to the amonnt of oxalic acid adﬁe& is oov subtrass
ted from the total smount of permgng&nate g#dded. The aiffsr-
gnce ig the amount of permanganaté egquivelent to the formic
acid in the sswple, and thus the percent of formic acid can
s accursately dstermined. |
RESULES. Section 1;(s).
| E'trobeﬁsenﬁ wap reduced b3 sodium.nm1hy1ate with 2a-
hydrous methyl aleohol 88 solvent medium. This furnished‘a
baeis'fér the comparison of the effécts-of’varging snouats
of water, and lster of pyridine on the reductiom. IThe rsec-

tion is nauelly considersd to bs aé.fallaws:
Ao : n-R . ‘
éﬂjr + 2 ¥a0CHy; — 2 (:r'w'7£] + 3 HalCHO + 3 H,0.

The sodium methylaete solution wss prepared, as previously
described, by dissolving 17.3 gn. of sodium in sbkout 150 c.q.
methyl sdcohol, and tc this adding 20.44 c.c. of nitrobenzens
(24.6 gm.) and enough mathyl aleohol to mske the totsl vole
ume zso-é.c. According to the egyuatica, 24.6 gm. of nitroe-
benzene iz squivslent to 3.45 gm. of sodium.. Five times this

theoretieal smount or 17.3 gm. wss used in order to hasten
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the reaction sufficiently to zocure good yields by boiling
for three hours. One-fifth of s mol of nitrobenzene wag cho-
gen for convenience, and §o if the rescotion actually'procesda
as Klinger wrote it, we shomld have & theoreticsl yleld of
\éodinw formate of 10.2 gms. This»compauad will be contsined
in the alkaline‘eolution, aftar the extraction of agoxybenzens
with bhenzene, ‘
The experimsnis wers always run is duplicete end will
be designated heremfter as & and B, ﬁeaning Rua A &nd Rua B.
The rosction mixtures for the raeduction of nitroben»‘
" zene in snhydrous methyl alcohol ware'm&de up &8 follows:
17.3 gm, sodium were =mdded i & 1itilis 8% & tims o 150 o.0.
of methyl alochoi gooled in an ice mixture, (Por details see
Prcccduée). Fhea the sodium wes all dissolvaé; and the mix-
ture woa at room femperature, 20;4& c.c. aitrobenzene were
run in from a burette. The volume was theh made up to 200
208, at room tamperyaitnre, transfarred to round bottame&
flegkg, the voluéetric flssks ripsed out with jJust 50c.o.

mbra of methyl alecohol, the riaaingé gdded to the reaction-;;@~
mixture (which now totsled 250 c.c. volume). The flssks '
were connscted with reflux condensors snd heated to boiling

on constant level water baths., The slightly yellow mixtures
deopened in color to orsnge &nd then to cherry red ag boil-
ing continuned, The temperatures‘of the boiling mixtures were
betwesn 81° =anad 830 C. at first, dropping shout throe degrzes

when godium formate begun to sepsrate. .

At the end of three hours vigorous boiling, the resc-
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tion was stopped by removal of the water bath sud the immediate
sddition of 100 c.c. cold distilled water. 'Qn‘qtanaing,the
cily azoxybenzéne and unuged nitrobenzene sgeparxated to some
extent, theuszoxybenzens collecting as a cake at the bottom
of the flask. The contents of the flusks were steam diatill-
éd;kneping their volume about 250 c.c., until all the methyl
'alcohol_énd wnused nitrobvensense hud passed over. (About 250
c.c. Of impuxa‘msthyi alcohol passed over firet, with waler,
nitrobeszene, etc.; and then sbout 350 c.c. water diatillate
brought over the rest of the nitrobenzané). The agoxy-befi-
zene is'oaly 2lightly volatile., After the residues in the
flasks had cooled, the &1kaliae mizxaras,'now orange yellow,
were éxtracted with benzene until the benzene portioas re~
‘mained colorless and left fo residue on eveporstion. The
benxéae»axﬁraéié_were.unit&a, drisd with shakiag over czle
cium chloride, =and then pert of the benzens wusg regovered
by distillstion, the rest allowed 1o avﬁporaﬁa io the aiv
from weighed casseroles. The azoxy_benzeae obtsined wasg
praotically'pure. melting at 35.5° C.

The slkaline solution was boilad to expel ﬁhe
remaining bkenzens, cooled, and made up o 1 liter in & vole
wnetriC flagk. From this, alijqol poriticans were extracted

to test for foermic acid eontent. The bromine method, (des-

% o3 Ty om 53 0y 42 2 13 —~ w D - 2

eribeod under Procedure) was usced in $hiz osss. Ths resulis

) . .

irom four rans i.e. %wo tyriosl sels of suplicates, are given

beliﬂi’lo
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~~§££‘: &zo;y» . 3AZOXY~ : per :Sodium  :Sodiuvm @ peyr cent
: Benzene :sbensene:cent fcrmate :formate: theory
: obtained:theory :theory:obiained:theory :
: e b e H . Be : T H ‘
A 17.00 19.80 85.85  8.74 10.20  85.90
B 17 mt?ﬂ' 19-89 85.35 80 85 10. e . ?35* 82
A 17.30 154680 87,36  B.80 10,20 86430
B 17,20 19.80 86486  8.84 10,20 86468

' ‘ . . - .
From n conzideratlon of these roculis, Klingsr &
oquaiion 18 gorrect, Thet no carbon dloxide was formed in the
reaction mag proved as follows: 10 c.e. porilons wers extraot-

o il W) - . e n e &
gd Trom the rseidus of tho alunling mixture loft after siean

Gistillstion of & venotion nixinrce The Loisl volume Tomnine
)

e
that of tha sanmnlas exirsoted

3

added to this. The 554in1 volums wA8 257.3 C.t. 7he throe

I LK NN I R, B N R = w3 -y o Ao
samples were piaced in Schrosiinr sitalimeiers and the wiusl
e
carbon dicxide teals mads, addiliag 16 c.c. d4ilnte hydrceblorie

- m0id, hosting in beiling water for five minutes,c00ling, pass~

&)

Iy
(St

ing dry air %hr@1#§,3aﬁ,wei~-i-r The rosulis oshitained wero:

eight of alvalimeter, solds and sunple
before &3‘1&1;‘}'\‘313 Y200 AT XFABDLCOIBB ARG TS 28.9??5 T3 .
& t afier &ﬂ&l:fSiS #eeuBcTRALBRBIAD YR 3859?&24—“»;;

088 {CC0g Tlassne L0085 s,

of alzaliseior bofore annlyciSes 943034 rmowa
deisht of alkalimeter after enulybiSese 203515 gins.
Toss {G0g Tlasase SUU0Y zmu.

Gee J1JTGHL 0ES.
sae :51.0 7650 m’a’k@g
aee <D0 Fmn.

2, t. . FON T ¥ & L -
Thegse esperinenita wrove that She snmount of codium

n

ox
wr

formate ohisined in Yhe redvedlion iz in 2irect nroporiion
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stoicﬁicme%xiaally to the szoxybonzens formed, and is thus &
messure of the extent of the reaction. Aacdrdiﬂgly. in most
of the suceﬂe&ing‘wark the amount of sedium formate wag de-
*erm%ne& 88 & me&surs of the rodnetione. | |

Iz some of the renciione o be desoribed later éha
yiolds of azoxybonzene were so pmull that thelr cemplete ro=
sovery from the rescticn mixiure \Was not feasidle. Since
the quantity of formate, larse or small, could usvally be de-
termined aceurately, &nd gsiace ils qnaatiﬁy was préven to be
staichipmﬁtricallg e;ulvalent 5o the amount of azoxyhonzene
formed, She axtent of‘ﬁhe redﬁeing actinca of tho alkall moth-
ylates ¢ng messured in ferms of the {ormsie 31@1&% rasher than

by recovery of the szoxybenzene.

o wihey b g2 A 'S

ER T e a ar v i AT 1) o 3 RITTR . TRWER 6T i
A BITDT GF THD SEENOT OF WADER OF THE TXT AT

OF T3E REDUCTIUN o

m;,

: &

2 v
U EAY

Ql)-

388%
The effect of small amcanta of weter on the yleld

of azoxybengens nresenis an In%erceting pyeblem. Inchman

siated thal water in enall suantities in the 21: :ohol hiad ne

)

iecw

i*‘q
o

o on the yleld of szoxybonszenae, Lu% he yas oo rkiﬂg with
very concentrated eolutinsng of alkeli. I1 sedivm mcﬁ&yl&%e

iz waad as redu inp agont we shonld cxosct wnteor Yo have a

jf)
)
{' by
s
&
o
Y
foiy
5
G
I% &g
o
£

h . e s ot R ol .
the yield under the ecoxnditions of the "Ye=-

walor on the reduction, werying anomnisg of matsr weres added

to the &ndzqm methylﬁbe helore thc additisn of the nitrchens IeNne .

“he smounts ugad varied from 1!8 mole 46 3 nols, snd thus from
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the anmount of water formed in~the a¢tion, -ia—4hib&-*he~£ba¢a

& k/l N 38&3‘3"‘?3 —_— QO‘,\’\-.OI\'.—O + 3 Ege + & HaGOHO.
TR A (;\ wk.lc.l\ the f“\go -
rétical amount of water wonld he 2.7 gme Trom 24.6 gme nitro-

henzena) to 3 mols.

1% was found by ezneriment that the maximm smount o

Hd
(&4

o E . .
mater aoluble in otal vols of 250 c.c, containing alse a

THiIon Of 173 §885, 8cdium and 20448 Cale

tod

- methyl sloscholls so
nitrobenzene, was anproximately eguivalent 1o 54 cace OTF thrsé
mols. That is, the zodinm was dlscolved in sbout 15¢ ce.c. moilh-

71 alcohol, 20.44 G.C. nitrobenszens sdded, and then 54 cece of
water, with onvush mothyl alechol o mmke a tolal o0 230 cCeCe,
wors sdded. Tho solution was not entlvely olear st room tém§~‘

2 T1138 A s Qv
wia VR VL AL LINANS el

grature but on 2ligktly wmewming, 8o
%ends to interfere with the sélution.nf the azdﬁyhanzcue.

In the following experinents, amounis of waler vary=-

3

C BEDe ‘1} 06125 m0ig: ExDe {?} D25 molay &3 Je 53) {‘*05 aols:

&

: < « Pty 2
from one-elizhih 4o thrse molsoules ware used; &3 Hllows:

BZpe (£) 140 120183 Expe {5) 1e5 mols; Bxpe (6] 2.0 m015; 3XDe
{7) 245 mols; and Zxpe {8) 3Je¥ molse

In each cags, *the goodium wag firet dlseolwved i the

nethyl sleohol, %hen the reounired amocuat of weior added, the mixtore

well shoken and cecoled 40 room tomperalurs, then the nitrchene
zens was caﬁeﬁ, the #ols aade un 1o 8 to%sl ol 250 c.ce with

mebhyl alcechol and the remaiader of the treninment vAS 8CCoTEe

ing te the genersl fOBOme .

The vipoy of the rezction desroassd grestly as the
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soount of water sdded inoressed. When the experiment with
threa mols of waler wes perfomeﬁ; the anount of modinm o1
ate formed was less thsn 20 per cent of the theory.

All the formate deteorminstions for the experiments
with water and with pyridine {to be described.later] were
made by the modified Potassium Permanganste Method deaeribed
in the "Prosedure®. The results are given in the following

tabla,

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



S

Go‘.l-‘-'ti‘t"‘l“t'tl-lltld'"i!‘i:‘all-..".It-‘al»'lsll:.’l‘”"ct,'no!oto.l‘xlal»vc.:tct-l!el;"’1&0\mb!.!:..val--!!voof(.lt.o&ﬁ!‘alialnalt‘!o.l‘l.!

g9* 1%
A5

- 9yt 6

Qv e
99*0g
09°Pe
0%9°9¢
09°9¢
geege
Ga g
gpe LY
09egd
gasLe
0g* Ly
I AE LR
31 A

96798
Q64

AL

T9° ¥
€9*ge
6328
0g°¢Y
09°TY

98¢

68° v
gLoSY

0G0
0%,
gy*e
gy
9%,
091,
v
1837 0d"!
ar e
mmﬂﬂ
. Q%R
09° 1,
9g*3
09°%
9%
00"
$8°¢
g6*d

geed
19%Y
A
0%y,
0g°9
06g°9

Y
e8*Y
gLtg

34*0%
20°01

30°91
00" 4%
HnoreT

00*TT

- 00%8T
00*6%
00*at .
00*97T

0n*gY
Go*oln
6o'gY.
[ 3 (R
20°¢
06T
06*1d -
Dot

G6°91
00 4%
B0YY
SO%Y
ladird

T EA A

ga gt
DOePY
00*gd

ol Al Wt
orrod
00%48
oY
8049
neeee
0% %6
03050
00*ee
(0*4s
00468

ON*TS

00*Ga
060*98
LTe
an¢ge
GO0
NO* 0

Qe me.
mws 3 C.Nk

6GL*TE

6TeTe

00* 48
H0° 93¢

6472
00 0%
an% e

6T

0%
n00T,
63
Q00T
ng

- 000T

KN
000t
03

OG0T

09
0001
[} 4
a00tT
[$)4
Noot
o7
O00T
6T

(00T

0T
n00t
ot
Q00T
aﬂ
)4
On0T
(414
HO0T

524

- T - T

m

2
@
g/1=z
gf1-%
2
g
g/ 1=t
g/t-1
1
T
g/t
g/t
w1
A TA
8/t
8/t

FER 590 070 960 490 £ AR G0 2 1t T4 W ST O KV B9 P> A 99 U B Ay eb N O b D SN 10 O O e Ladodad 7’1"!'12!‘3':;t-"ﬁ.."‘l‘n"l‘»t‘lztg b et e (D WP 0 W B8 T D D % e B TS T B

40° 6T g2* 11 g2 0T
4311 Te* 1L 886
€g°ee PL00T %481
0828 84°et eh*9T
£1°08 49°27T 6L*3T
9e°ey BA*GT g8°01
Q6°0g T4 4T 69°8T
56°63 (1] 8 69°67T
Pg°6d £9°4T eh°AT
1108 08° 41 g94°01
062y LO'ST 94L*vL
18y DL*81 086
14°¢9 64°BT oL*%yT
01°cy Ay 9L*%T
T0'vg 26°47T 88t
P6°* 94 K ) 9908
08°99 08491 99° 03
18°9Q ga*9T SL°9T
99°09 16°4T P9°9T
T6°0% B8°4T BL°9T
b4*CY g8 8l 0881
99°¢9 64061 08°¢T
LBC9 00°9T 09°*9¢
L9 4£8°9T 173t et
a0° s 86*0d 8361
L6°T4 g8 1d 1984
8P L4 Al $0° 12
: t  spep 2
i 2009T° Onid
1 *0%p 8 awmcuemw
*wogjonpox ! OHODBE ¢ o

guee xog IS=*OUTE 30 39T
 180URROTFTA

H

:
t D0 ORY

negs YOUmAs  9TOT o~

: woﬂnﬁ.ﬁﬁow t L Youy

I!.'.ll"nlt'!lvol.t.I!.Q.all.l-‘-l.l.ii‘i.t“!x‘:-l"lltl.x!.llﬁ"!..lf In.ll.t.v‘l"lt.ﬁ:i.l.itf-(’-t&’ai.i-qlon?.l—:l.va!.l»-l‘tistu’ hadad ad 20 2 22 T )

*HIEoAdEY

[ s

Y

H H
t $

.
*
v

| T °0¢p 1900 4BITY!
TPPHI-URAOU 04T | POPYE!

muamcd.agm.
rr\ M.m L

EES IR ALy E

id.f

poppus
BTOT 0

"T6A
18309

Pourry SURHBICTOAY

"% <% se et =

wny

otu
Jo
4 Qﬁoﬂ&

.y TK o» GE *>

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



S3
Graph T

rageesing

nvetty of Cractnnatl, Coliee of

zo.~ o.d: ‘ka

09

(R

-
:

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



. QONCTUSION.

Prom these resulis it is evident that suler hes o
great effect on the reduction of the nitrohensene and tha.t
the presence of smell amounts of water in the methyl sleo~
hol hay 2 serious inhibiilng offeob¥ . _

7he enrlier investigators who used potaseima and
gsoditm hydrozides inm methyl or oihyl alochols wWoIe I1ntrd-

ducing water by the reaciion:
HaCh + CEN0H — Ha0fH, +  Hgle

T™hay alse hald the belief that small amounts of water had
no effect on the reaction. On the conirary, if the waler

Tormed 1 Tho ToeasUivhn,

‘ LY .
4 (T« 3 ma0, (%) + srecemc + 330

were removed, the resotion world probably be more complete.
The amount of water formed st the complstion of the veasiion |
is spproximately eaual to the 1/8 molecule added in the cxper~
imente {1/8 mol = 2.25 gme, thooretiesl amount of wster =
ZaT )

Graph I in whick tho por cont reducliicn waw nloited
pe sbscliscas and the nuober of meleculen of watey as ordinate,

shows shat &t first increasing smounts of walor have s very
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great deterremt sction on the reduction, but that Lfrom one
molecule on, the decrease in reductiom is roughly proportion=
8l 0 tho amocunt of water present. After three mols of water
. have been sdded fhe water nresent ceases ¢to have so great an
sffeet on the reductiom. The nmixturs is no longer homogen=-
enute At one molecule of mter. nost of the acdium mothyiste
haS basen broken domm to aodlum hydm:sﬁ.ue anfi wators %This fsot
i3 shown hy the degrense in the amount of Teduciion Tor a Agi.v-
& amomnt of weter added. ¥From this poind te that for three
moleonles of water, we have 2imply the sffset of sodium hyfrox-
130 and aqneocvs methyl alechol, no exoass meth?lat:e iec rresent.

THE ZFFICT OF WRILZ “3 08 THE DITEETD OF THD

RESUCTICOH
Section Y. {a).

- Pyridine is frequently used sg a8 saialyst in orgsails
chemlstzy 6 bring about rosotions which lavelve the sspais-
tion of hydrochloric or h:;ﬂrotromie acid; as & carrier in the
chlorination ané brominstion of arcmatic hylrocarbonsg and in
both the Claisen reaction and in the formstion of the Grignard
reagent. 1% i supposed thet intermediste compounds are ToIMe
ed with the pyridine in scme or all of these reactions, aand
that they then bresk down, Torning the finsl product and py-
vidines 7he nature of the effesct of pyridine, quinoline, 8iC.,
in vhese cases is not well undexstood 2w yels

vidine fozms solutions anslosous ¢ SAuGsUE 80iu
tionne Thris ig sipnificsnt, oince pyridine 18 chamfieally
ginilar 4o wmber in several rospecitse For instanco,

thore ave Hwo unmaturated valenclies on the oxymen stom in walteT,
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which losd $0 the Tormation of oxonium compounds, and two Lree

e d
]
{sts

n nyridine, uinolinag, ott.,

dne teo the saturation of vhich substances anslogous to the

valancies on the nitregen atesn

ammonivm compounds are Tormed: -

H "’ '/” ) :'.n.
S~ - HaN‘*\_ . S

k/ S~ o -

Zor thess roosong, it shsuld be intserssting oo atwldy
the olfeet of pyridine in small amounis oz the yield of asoxy-

benzene in theyes“&?mard exporiments. amounte of pyridine egulve
' : L mo
alent to 1/8 U01,11/u @mol, and 1 mole were nged, 80 that these

X" A . . o
% 3
L

ne effecis 67 esgniva-

Thea rsw;}@oiﬁnv-

PRy
A S~ wF e

i
ﬁ.
]
B
g
5
o
Q
i
3
It
'?l
3
fod
&
Joud
o
<
1

e sodium was dissclved in tho o
hol, *he desired ammomnt of »yridine wag added from & sninette,
the pixiare wag cheken and coslad and then B0.44 peoe of
hennene added, ihe nixturs made up %0 250 G.¢e with wmeolthyl alce-
Tol, and bollied vigmrénsly for three ﬁmu:s, n octeam distillia-
tion of the reaction agixture, the nyridine distillied over with
ths aleohol end usused nitrohanzene. “he rest of the analyeig
wag the same as that in »revions experimenis,.

In *hese exporiments, te formmie hegan o gsenuiate
from the polntlion esrlier than in the experiments with water,

and in the osses whore 1/2 mols of pyriiine, aad 1 nol <f ay=-
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added, and in the en&.were darier red than in the previous ex-
pariments. |

ore than one mol of pyridine conld not be used beaauae;
at the standard volume selected in all %he&e'experinénﬁs, 356
Celse 1% wag not psasibla to discolve the sodium, the nitrohenzene,
and the pyridine to fomm a honopenerus nlxture, sinée one mel
of pyridine oaéupiea 7987 CeBe, %the niﬁrab@nzen@ agoupies 20,44

CsBe; 8nd the modiuvm is not soluble in much less than 150 C.Ce,

avan with several hours heat ing en 2 mater kath, with a8 refisx
S gondensor,
The reaciion was found o he more pvagcuncsa s the

dine. After one maleeul_

the asoxy slage ©hen pyridine iz nresent, sinee more than

5 of sodium fbraaﬁe‘calenlate& on the

azoxyhenzene was found in 4ha oase of 1/2 and 1 mole-

enles of pyridine. Ihis wewld natuarally be assuncd $o he due
te the formation of azobenzene dud 0o azobenzene has az yeb

A, W

been gseparated from the mass of asoxybenzene fomed. This work

{4y

ig being contimiaed, end the nrosente and snnunt of asohenzens

~&{y

yindd WY Goapnrison

]
151

the meliiing

!1i

LRET

[wil}
({r

in tho mixiures w111 be
& with thaose of mown mixtures of aro and azogyw

’ ores

Pl
benzene. Fhe first %o advoeste this nmethnd was Snowdon, bub

he failed %o vudlish the melting sneints of hie stendsrd mixtursce.
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COUCLUSIOR W

Small mmcunts of pyridine in the resction mixturs ine
creased the extent of the r :dnetion very greatlye amounts of
pyridine excceding 1/2 mol, however, couse a :elativély‘amnll-
ér increasé in the oxtent of the resotion, “nd Graph II indi-
osteg that after 1 mo} of nyridine, further addition of nyri-
dine has littie or no effest on the reductione. A ocamparison
of the effeeté of wateyr and of mrridiné on the redwtion of
nitrobenzone ig miven in Graph Ill. Tndler certain condltions
pyridine ls reduced {(asn by'ﬁaéeant hydromen from éoéinm and
aleohol, 0%6.)s %0 pipertding, but thers is no free sediwm in
the reasilinn zlxzture, sc there can be no nuscent hydronsnle

“he caute of the izxsressed raduction im =%ill an ozen guestion.
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THE REDOCING ACTICH OF JS0DITR MOETIYLATE O
AZOXVRENZAME IH YHE PRESRNCE OF PYRIDNINE.

In order to determine whether or not azoxy=
Yenzene ig rednced b;r‘ sodium methylete in the presence of
pyridine, an expermenﬁ was carried on in vhich pure azoxy-
bangene, inastead of mtmbanzevxe, w8 heated with sodium
‘methylate and pyridine, 20 gm, of azexybenzene {Kahlbaus)
was aisoalve&' in & ninioum amount of me,‘*h,ﬂ aloohsal, and
' added to the mix‘mm of 1?‘3 gne sodinm dissolved in
methyl alcohol, with 1/2 mol (40 c.c.) ofp:,rridme. The

e

total velume was =ads 250 S.0. afier bollliang for thres
hours, during which the yallow coloxr of the mixturs deep=
éned to oranze, but no podium formate sepsrated, the nro-
duct wag stosm distillsd uniil all of the pyridine and
methyl alcohol were removed. 'The residue was extracted
with benzeno Lo remove the aze:gzhewzene, hollsd 3o romove
the zemsin ‘beﬂzm'xe, and diludted 4o one liter, This
goelution had s pale strew color, showing that & small
anounnt of the yellow compound had heen produced, Formate

dete..m atlionspave the following reeulis:
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CORCIUSION.

From these results it is ovident that BIORY =
benzene 1z redunced by sodium moethylate in the presence
of pyridins, %o a small but constant extent. It is

rery probhable that thie estent is greator whea the azoxy-

1’

anzene ig iz'és?;ly rrepared, {1n the nssoent stalbe), than
vhen pure azoxybenzene is usod as 8 starting svbstance,
a8 1% was in thls expsriment., Henoe in the usual stande
araized sxporiments previcusly desaribed, the grester
~reduction san be readlly sxplsined, | |
The yellow compound may alsc be considered &
product of the nascent _azo:wbenzene, rather than oI
azoxybenzene in ity uwswsl naciliva s‘aata, Tor very listls

o o Sanvm > v f e DI F ¥: .
2 yallow gompound was formed in this blark ezparia

L
L
fart

134

nente
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81noe it had baen proved that azoxybenaene is

a -if'%'reauaea by sodium methylate in’ the presenoe of pyrmme

f\it may be asaumeﬂ that thf product of this reﬂuction ia

"ﬁ7ﬂazcbenzene.: It remains to determine the amonnt of aso-?ﬁfﬁ?&

'”*iﬁgbenzene formed whea 1/8 1/4 1/2 and 1 mol Df DyJiﬂiﬂe

" from the alxaline reaiduas of e team dis»iliutxon were

lf;iﬁuaed for theee determiaations (sea puge 37}. ke .
S | Mf:nzobenzeue ana azaxyheuzena are miacible 1u ikv
'"f]iall proportions “and no efficient method was found fOr
‘”H%ﬂtheir sep&ratlon, sinne thc re SGIUOLB to aaout tne
-f,same extent 1n most Ongﬂic solvents aud thelr boiangl-j“,

ﬁf{po;nt s thoug& very' ia in t are too high to ba useful?7 '=‘Yg;
« S pg

*fln & sepsration."ﬁron theae eonaiﬂerations Snowﬁé

i as 16( to su%gest the ueo of tbe meltlnz polﬂtﬂ Of

’ “T"kuown mxwtures of the two compoacuts &g & mer@e -0“ ée*zh'

 'f?1s present 1n tha reaction mixmure.i *he benzene extraots‘jf-«wfilu

) | -terniiﬂing thg &I“O’J.ﬂ'ts Of eﬁc}! "\Xbﬁs aﬂub in a mlxturg Of : . S

jvfthese two suhstances. onow&en did not inolude the

»fmextin? points of Varlous m1xtures OL azo-.and of

.'-‘fazoxybenzene in his paper so these data had to bo

 determiaed in Qonaection w1th thq study of the efuv-'

fect of n;ridine on reductzon. mhe melting pointhk_  ~f‘_'

i}ef known mixturas o; bure (Lahlbaum) azobenzene and

| ':azoxybeuaeue sre. glven in the followlng table. Tne

-Tdesirpd amount of eaoh substance wau carefully weighed o

bérﬁ\iélsi;)'n..of;;[;\é‘coby}ight owner ‘Fu’rther reproduction prohibited without permission.
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fzftwo-tenths of a degree.__mw_g;ﬁg;

iy
”‘:?30 ";:“;»:' o

-3
S

k 10

R

':ﬂthe two substanoe& meltad together 1u a casserole, ) |
ff‘cooled on ice, ground 1ntimataly, and the melting points-fﬁﬁ"w «
' fdeterm1n0d with tha usual apparatus. uaiug u water bath

;ffsnd spealully preparad thermometarq. oalibrated to

- HELPING POINGS OF gi‘ﬁ?ﬁ‘uﬁ s oF ﬁuo- mm A oxwmzmm. e




Ehaneert oy

Ve wef

aiverelty Gf Uhacimatl,

Qo

0 .

utﬁﬂ..\\maou‘w»\
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The melting points of5the mixturee of azo~ endff&_ffi

“ffavox henzene obtaineﬁ when 1/8 1/4 1/2 and 1 mole of

 "7f yridine._respeotivaly, were used were determined aad'ﬁf.ﬁ"

E}tfr°m these th@ Per oent of a"obeuzene 10 the mixture R
'hffcould be found by reference to the pzecading tehle aud A
r7¥}’I&Ph-x In *he sxen in whleh &ouble values occur, tna“gfﬁ
fmeltiag yoiut axuer ﬁne aﬁultlon of a emall amount °f1f“gf?¢

W_elther eomponent wzll loae e the aeeired point og theg”pf

ﬁethe extent of the reduction ma; be determined by add-yfe593fﬁ°

f*]iiﬁx tne amonnz OI souium formete equIVelen% to the 8z oxy-ff{"”

ffﬁbenzene_to that equivalent *o the azobeuzene, thus ob~49"'- :

__-A}teiaing thw totul ameunt of. fezﬂate ;ormeﬁ uurlug tne"f
“ ';These Vilues nre ehowu 1n the follow~nﬁ tab;e,?ﬂijﬂ-~»-

| fi;along:with the total awounts of formute found by tbe

‘ u'nalffarmate anelysie e; tne alk&llqe :eei&use ef

eﬁééteam dLstillatzon,’k;‘eM 
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, ﬁif% Bzobenzene aaobenzene azoxybenzene;‘}
' »ﬁ'}ifram graph gmBs . gma,. :

“i3;0-47;!f4#“*15€231j°’

fb;asgf@jQ;jig;gégf,,jffg,

Kols CgmE . gms. o total for-{’;‘ s total for-
‘;;;?yr,;gi-ine HaOBHO NaOCHO mate . - . mate obtamad
e  BIO=. & uzox.v-: J.n analys is
Tago- aucxy- 3 benzene S (p.S?}

ben..eue benzena : R R

8 0.55 7 84 8 194 L -"18.2’5‘ :

| ”Fffﬁiévf;ﬁfzévéﬁf 10.60 'f'ffi,'i 11;?2f“7;7‘“7
L3109  10.01 - 1hido L 1loe
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Seotion (2.

fhe reduction of the three nitrotoluenes and the three
nitrochlorhenzense by sodiunm methylets in mothyl slechel s0l-
uticn was etudied ﬁnﬂer the ssundard conditions established
in this series of experimsnis,
O=HITROTOGLUZIE,

odium {17,323 gm,) was dimselved in shout 150 acc. moth-

. ¥l aijoohol, and the alxturs mde up 10 200 Cetei D350 Cele

or Z7.4 gme of o-nitrotoluene w=ere made ap 10 80 c.ce in &

wvoluneiric flask, with methyl slcdhoel, and the two solutions

e yaman o %e D L B
prLeix) EARE ¥ P an

heurs. The solution was pale yellow a% firet but changed

%o orange, to rod and then ranidliy biackened as the femperse=

¥

are of the mizbure @ogo to the boilllins point, 85° - 86 C.
The miéﬁare remmined ﬁhtn aw&/ﬂobﬂ% » 710 aormate 8Cps vate&
dnring 4¢he bolling, and the temperatmre of hoiling dropped
to 83® ¢, fowasrd the ond. Qnsﬁillad water was addod {200
CaBe) $0 8%op the resction, sad %ha mixtures were giean (isfe
$5811ed. Iuch unuszd n-n*trﬂuol passed ovar with the
nethyl 31vohﬂ1 and with the watery distillate. The alechol
nortions wore festeanLﬁislel aed %0 Tewove ihe slechsl,
diluted snd ex.r&ated with benzenc, The waler distillates
ware sleo extiracied with benzo&e. the benzene axtiront dried,

the benzene nartly removred by iistill&%i&n, and nally evap-~

‘orated 1n the alr. The amounts of o-nitrotoluene recoverea

- were 4:48.45 per cent (13 ‘27 gm.) B:50.32 per cent (13.79 gm.)
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\

A
\

\
7he xosidues from the steam distillation were blsck and
tarry, showlng that side resctions had taken place, Thoy wore
plaged in & liter beakers, and the oil d1d not scttle out.
Prom A sbout 10 ¢.c. wers romoved to togt for varlous properw
ties. On scidificution of s portion o eapi;ma brown procipi-~
s

tate soparated. This wss not the toluidine Xlinger and Pitschke

ot
(3 18 2551) for 44 would hsve been soluble in the neid, repracip~
after
tating then 8l¥all shonld be adﬁea. Instesd, -e;- fil%erim;ov"'
+1 Hen

- the brogn precinitate, the sclution was made alke 1irm- andﬂ ho-
canmg 8 lighter yelloy thaa when acid, and remnined cloar.

The two Tesiduss were then scldified and filtersd on
hnehner funnels, %the precinitates thoroughly mashed wi
t3ilied W.-wr. e fiivrste was yellow, snd the coloring
Ler was not golable in the orianie solvtam;.a; ligroin, henzene

-

carvonietrasnlicrids, zund etihere. d{he oxtrncts were cvolorless

e X ”~ = 4 -~ . ~ 2

and lofh no re3idne On SvEnoTRiish.
Ty 1A FIIH & rvagm Paos 2 v '
Tho acid fil%retes grew Sloady on stending. Eore agid

did _nofs digsolve the substoncs, bud on rendering thom alkaline,

the cloudiness disarncarsd. OJoconut charcosl, finely nowdered,
738 added and the mi:a“?:we holled snd fltereds Bul 1ittlie of
the ¢oloring notter wac reaoveds The filtrates were made up

0 2 liters and & 100 CeCe portions remcved io ezt for forme

aia, Afber dilubion, seidlficeticn and boiling to remove Gare

. . . to h'hnos
ben dioxide. the alxivrog woare made nountral ke sodiom hridonw.
> X o - —— =5 ———— —— - ey o VT Nrer S ’ N R L CARSS ‘;$ AERURN I L
~n,

idsy, ond ‘:‘;:e*z bronine water aldede Immedistsly a 1ipnt browm

?.‘;

rcinitnbe #er: cd, which Jarioned m stendlinse Thuz the
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formate conld ned ko deternined in this w&y; Exﬁxacﬁion‘WiﬁS
bonzone of the aixture before the formate determination was

of no help, for ﬁo&hing was extracted, ﬁhe‘s&me light précip«
18ate was formeds Sone bromide insoluple in erﬂﬁﬂwry 0*9nﬂ$c

sclvents was probably formed.

The bramn precipitatesn anﬁavned aftor a*e&m dia¥illation
and asigifleatinn of the al kazfﬁe regliug were in very emall

amounts - 3 4o 5 gos. &2d no pure aempoun& was isolated on
.lia?tiﬂﬂ‘f?sa alschél. Ilarger porbions were needad
for this Ilnvestigatlione
H=B YT NI GLURH .
Tne sodinm wag dizsolved as before *u about 150 0.Ce

ethyl alochol and made uyn to °vu CeCe VnTHEQ; 23:@6 Cale

t

Lo

rotolasne were added and the total volume

cr

{ e "T:u} fi%
msde up 0 250 £.0. The ovangs red mixtuves were then Botl-
ed for three hours, turning doep red, The temmeratures rose
£6 335% Go a% Doiling point fﬁr'taé mixtiure. When sodium fore

cer

!‘. |

mate hegon S0 serwrate, the Samparature fell to 81° 0. &t

hours® bolling, to

"
was addsd &

o]
o~
B
g
on!
e
53]
¢ : 3
—(»
W
B
@
B
B
O
L)
C"‘
e
4
%3
¢

8350 the reaction and the miztures ware s%eumnﬁi@fi?ie& undll
gver 50U CeCe had pacsed Hver.

Formste ﬂ@t&?mi%ﬁﬁi@ﬂg wove made b7 the hwawzna mathode

.uk' i

The vesnltn were as fellous:

TG A e e S AR Y . AON W S A Tt A T A s e W WD A (VG e A IS 0 S D Sh ¢V P D W B TR Ak S S 0 A S A B st T VG S At Sy VY P v SR £ Bl ey

tA203y coneiTheorsts: per ~“0&ium tTheoret-; Per cenk

un ponnd sieal  :cent :formste : leal @ theory
tfrond g. :yiela g..u&eary found geiyiold Sa:

g%. 17-3{;‘ :upo% ?6.5‘% ?089 IOQ ?40 [ ?150

3 17.50 D2eB0 TTW8F T8 1G4 20 77«08
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~ The asoxyioluene wns vecoversd from benzene extracts
of the slkaline mixfture remaining sfter steam distillstion.
 They formed yellow néeﬁl&s'mﬁlting at 37° C.
| | P-EITROTOIUENE.
 Te tha sodium methylate mthyl alcnhal golubion in abeut
lou GeCe YOlume, ﬂms aﬁ&eﬁ 27.41 e cf ‘penitrotolaene dlspol-
vwﬁ in m@tbyizalcahai.‘ Zhe volume was Mwadegag o 2BC £.Ce
&nd the nixture wasm kolled for ikree hours. The mizture be-
gan %o &axkém.>avan.befbre heating, First becaﬁiég brillisnt
red, then very daxk ved, then wine eélor; thickenlng rapidly
‘snd giving eff“heaﬁ. On heating, the eolor bocams brownish,
tnen more véllawish, with 8 very ﬁafk Brown guﬁgeaa~cn* aﬁ&
*ne *aﬂwa*a%wre vcae te 76° G. oo beiling teapersture. Aller
ne %h?ee hours bcilfnp‘ wmier 7ag sdded and the whoie B3 e
t“?es ﬁié&ﬁ:&i%@ill&ﬁw The alechol was easily scparated,
“but it wes 21frienlt o got more Aistilisto o puss over whisa
A h‘i ok rod ﬂrecipitAJe settled ovar night. After acide
1fying with &ilnte sulthuric seid, the mixture was filtered,
and %he oroduet dried on & Bﬁchner filter, then %o constany
weigh%'&% GO® Ge The red subsiance dvaémp@seﬁ withiont melie
Cing vhen hented on 2 nlabtinum sre *nla. This suhaltance was

31 ,
dagaribed by Xlinger. anﬁ other inveafigntors [Ose the Histor-

0‘!’

&

ionl Secticn). and iz vensidered §n he in some way rolnisd 4o
‘ 3G :
3%ilbone , Tho weighis obiained WOR A BUed gmey B 2100 m.

The theoretical yield for peamoxzyboluene woxnld De 22,5 gm.
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The filtrate from the red maarg?zrms compound was 8%~
tracted with beazene, but ite yollow coloring matter counld
not be serarated in thet way. The solutlone were then made
up to 2 liters, and mr fong tested by the bromine meil md

- for sodium formale aomant,:

, : Sodimm : Sodium 3 _
‘o : Iormate : Tormmie : Per cent Stheory.
sobvained ¢ theory 3 ) ‘
P Be 3 Te H
A Ze9% 1@;3@ o 2320
B : Kslid 1020 - E9.41

i’h_eee reslts are not in accord with those obs i.ﬁeé gith

nitrahanzane and m*'h Benttrat sInens

5
i
o4

hia hahneiar will

[ 4

{

be discussed later, In me conclusion.
w-u ALURE I TAODERS i e
he exg;eritfmemta on o=fie and penitrololuenss showed that
enly in the case of the m-compound were {he azoxy compounds

formed to any extant. IY wer considered of interent 30 detere

and z:-c.‘:::lami':muenweae on rednstion Wit .ocimmmf:hylm:s,
unc‘ier the conditicas used in the nrevicus erzﬁae:?? Wckatr BN

The sedivm wes diseolwed in methyl slechol, =28 ucunl,
aad %0 thiz Jl.0 ge O-ulircellorvenzene was added ,'éi_mo;‘waa
in a 1i%%le mothyl slechel, the - t:al rvolume heling made up
%0 250 c.c. When %he 313‘_%1'0-@01111:»61.1&& was Tiret added %0 the

g to bhrownish

i

aodlian methylate, thore was o rreadnal durien

H
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eoloxr, but as the substance was hested, the color changed
to orsage red, and onr bolling %o dark purple, with 8 red:
dish orange foam and s¢lid separating slones with 0010rless
godinm formate. The temperature rose to 79° e.. than drupn.
ped siowly to 74® - 75° C. Then the amlixture had bholled
three ﬁours, wmier mas s ded and the mixture allawa& Lo
¢oole A mass of yellow oryoials ‘Was found at the bostom
£ thé fiaﬁk.'after s;anaing over ulichta.
”*eam_d\nfvllu ion wag enrried on wuntil about &0 c.c.
ter &iatill&ﬁe had paszed over 1a aué*‘*om to the alcte

nolie dis tilla Gy beuauee 8 amall amount of yellow il ,

l"l

.-

supposed %o bo o~nitrcanissl was passing overe This

stanae froze st 0° C,. in an ies nixtnre, and melted 8% §,5°

&

(s3]
G
.

it |
&
e\)
o
o

(;.
<

fedy
ot
l’;l
<)

O
[ald
-
B
2
o
S
w
w3
i3
e
oy
]
E"'é
,J
l-‘-
,3
41+]
o

substance was nartislly decomposed, for a purple or blacke
lsh Tarry residue separated, and was partially removed by
filtrstions The rosldue was eoxtracted, bul a brown tarzry

041 wac resovorsd whish would ao% s0lididy, and vhich darke

T %
t <

[N

o]

3

(%)
O

[&]

;;}I
(9]

45

o
oie
o

]

*

i

2 yory colnble in bensono.

The alzaline scolubisn, sffer extraction, wee of a redw
dish Browr célor. but clear. Formate deterninationg ware
made by the ﬁ@rﬂaaﬁana*e mothed, and were found to be over
19& ger cant 4T aslieulated on the basis of aﬁaxy eompound

formatione

!
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The formstion of the %tarry substsnces prodably accounts

for the high formate values. The valuse are given ags follows:

0P ZR Wl B R i B S-S N e

: : Formic aocld : Theoretical :
Jan : found g : Field ge s ?¢r cent theory.
FO— 8.18 6.9 118.5
B 8.19 6.9 118.7
A 8.17 6.9 118.4
B 8.21 649 11940

that it ia fxpossihle $o correlats

o
a

Thego raeuvlis ot

5
5
i

&
;

the 2isglide of redunetio nets of s~ghlornitrovensens with
the quantity of formate obtained. This is snnlogons %o pre=
viously deseribed vegulis chigined when geand penitrotolucns

were oiudiod.

IR * . e - o 2 o % Y L. - ¥ < -
The sediun methyliste aslution was msde . &8 usual,

31ledH £ie ﬂh@hlorniﬁrobenﬁgné wore added, and the volume
nade up %o 250 c.0. The mixture was heated to boiling for
thres hourse The reaction mixture furned yellow and then
darzened, snd the boiling point was 82¢ C. The boiling
»oint dropped gra&ually»ﬁe 79° Q. and a'light yellow or
white crys%alliné preeipitate separated and atiached itgelf

e B B

Ll g

3

© A -
AL NI

cmay

$h

2
of

)

L] ey e d s wraem e
.«.3"3 e At d RS TEGBET AL

B

like sodimm formste nreeinitate, 4% the 2nd of the reasction,

i
water was added, and the mixture gubjected %o siteam dietille
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The realdues in the fiasks on eeéliag centained hard
yelloy macnes of'urysﬁslg a8t the bottom., iThe 1iguid portions
were poured off and retuined, and small amounte of water were
added %0 the s50lid masses of c¢ryatals, o wash them. 7Tho
washings were sdded %o the 81ksline sclution for formste de=-
ternination. The masses of erysicls were melted by boiling
in.watar, and on soeoling under the tap and shakinzg vigorons-
1y, they £0lidiBed In small pleces which conld he romoved
from the flssk with eass. The hard yellow masses wera fil-
tered on Bichner fannels, mahed ,dried, pulverized and
we&ghéa mhan.ﬁhoroughly'ary. The substance was recrystalle
ized twise from &

melting at 96° G,

tAzZ0xy gome: Theorsiiecsl: Per o H :
‘Fann ¢ pound : Yield seent : :
sfound ge @ Ze :theory: H :
A 285,59 26 7C 95.83
B 258 7C 2670 56425

The alkaline 20lu%ion was made up %o 1 liter and 20 c.C.
psrtians noed In formate delerninations by the bromine method,
The results were over 10U per cent theory chowing that sonme
cther substance, besides the formmte, had been oxidized - posa=-
vibly'ﬁhe aver-nrogent yellow conpounde. TFhis ¢¢m§eun& could
not be resoved by extraciion ﬁith organie selyenis. The permann
‘ganate method had nod yei heen ancslied to formate determinde

tiong in these exnerisents.
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P-CHLORBITROBERLENE,.

The sodiym methylate sclutisn mag $rected with 51.5 goe
p-chloraiizrobenzene, the tolal volume made up te 250 c.c.
tafier heating to disecolve the nitro~ecm@0un§,&nd eooling)
and the shols hailéé‘ﬁhre&:hours. The mixtnre dsrkened, the
temparature rose to 81* C. a2as the beiling poind, then fell

to ¥7° « 78°¢ 88 the fbrms e beznn in weﬁa-*-e. At the end

e

Ge
of Vh@ renchion the

nixture gue o deep crange'oalar'alear
ﬁhe&:hgt; mi after addine water and cooling ths acz'iié“ TES
all of‘li@hﬁ yellow oryoials
The nizthures wers oteam &lotililed. Three liters of dis-

'ﬁillazs had %o be sollectad before all the wvolsiile matter
had passed overe Pechlornitrobenszens w foond %o & gnall
axtont in the {irst f;guviuaq‘ Calorless vary fine asedle
eryctals were 2loo nragent, vhish ware filtarsd, driesd, sad
”~un£ o meli at 54 €, Thane vere p-nltroanigole The ©oGw-

ond and thizd rortion eomuinod iarge snmoants 67 This ¢nme

pound which wan1d cryqtallize in 4%e condensoers and had 3o be
gteamed down cccasiossllye. The liyuid then zan into the wabs

ery dictillate eolledtors and hardoned in pellets aaé »i1hhons.
Thig pubslance was puve p-niitroanisol, meliing 8% B4° O, It

wag filtered out, the sﬂntnimera vashed out wiih benzone,
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‘ ¢ Gms.of : UTheorstical yisld : S
Zun 1pendtroanisel: for p-nitroaniseld : Ter eenl theory.
e | Ee : e s . i )
R0 Ay o ey e i e \‘ —-‘,—- -
A 20420 3006 66.0%
B 20«00 . 3‘0‘6 55. 36‘
A 20,20 3046 , 66403 .
B 20,65 30.6 67,48 |

r'VI \

Q- 3 ey |
2. 5% ..g'l At i{ m:'.u

\
\ Mian oemey £ Avames  Hewmm «-ﬂ-“m ALl EYIY At
. N -k e SRV e AR GRAPEF S VR WY OUDIES WL QUL EIIRT

*t;hev',ﬁltﬁ'atea extrected with benzens. Imall ammmts ‘oz \gel-
low aryetels melting 8% 127° C., obvisusly not hamogmenﬁs.
HeTe d‘ataineﬁ. Betweon & and 5 gme oi fhese cryazais :rere
obtained m each casee By fr&ctwnal Treocrystall imtzoxz fram

alochol of the united yiclds it was found thalt ome- z:uﬁ.rt WEE

g ,

:;a ‘ve.‘izr :insalubze 3;n al oh i and pﬁsees.seé a. _k,ivéér_-‘*ﬁli;=

B ff:qiai: ‘naﬂ the other. Afeer tive reorye ’,aniz tz ong in

L™

fane

 #frasiiong a composent [the lenc soluble) was 1a

mneliad at 153.5° c. and was thaue nrovsed $0 he p-ﬁi-?éﬁ“if}l;?'"&”‘
agcxgb@nzeneg {E:2: 155°C,}). The oiher, mors solub .m cmpen-n

ent molted at 115° ¢, after ssveral reorystaliissy ens evzdently
peazoEyanisocl, {1316° J). A

e filtrsies {ronm the szoxy compounds wers iﬁtéﬁsélg

yellow, and an athomnt wae made o romove the vallow COm=

L*t'

exiTact

this $o aay e*;:i.ﬁwzﬁ, ,

b3

od longer w‘; ter!

Hrank
[

ol

from water selution. The 4 portion ka

tosm Aloti1iat? ‘~ e
stemﬂ\_ digtilliation, than the B portion, and long };ellmy.

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



6/

_naedle orysiala separsteds In filtering thess with the

azoxy compound,; part of thils filtrate was lost, g0 thas
later formate and chloride teste were imposaible. for the

& portion. The yesllow needles were very soluble in water
and several were saved 1ﬁ maazhing the &30y reai&us.fbr tost-
inge They dscommose bafore melting, and when heaﬁéﬁ\on 8
niekal_epﬁﬁulﬁ tarn red, and then explode with =& lit#le il

- probably containing nitrogen,
boling probebly the sodlium selt of some organie scid,/ Fhen

geid 1o adied %o s sclution of thege eryatals in watsrey ths
~ invense color fades to0 pale straw. This proves that the come-

noond 1 related fo thoge colored coupounds woticed in all
preseding experiments vhich were Tormed during the redustion,
intensely colored uwsunlly rellow in sikaline solution, 2light-

I ]
2a

4

7 eclered in scid, much mors solubls in weisr than Ia orgsae
ie salventsg'aaﬁ_uxiéisabla by hromine In nontrsd er‘aﬁié
seiution.

Apout half of the alkaline solvtion & was made just acid
with hydirochloric acid, and evaporated dry on @ sﬁe&&‘bé@h.

P Capwioh & el
cnatant weights

€3

The rosidus weizhed 21.9 gon. afier drying t0
The eryetels /mostly sodium chleoride with some p&lé Fiﬁk,éﬂe&};
were placed In a Soxzhlet extractor and exdracied with beﬁﬁéne
for 5 - & hourss. On cocling the liguid coutalined a:fvaﬁﬁay

ohaped mass of 1ele yellow grystuls, Theme were dvied after

\
—ed
 Ae

/

-

; 115° = 11

"
a3
Ky

<

T8

s

el
37

[&]

D 1 . - . [T S
VIZ 23 LAY LAY DUWDLCINZ, AN 13
The weish! was 2.9 gme o thsi the vhole solutlen probably,

contained about & gm. of the subsianee, or mors 1f 11 Had not

haen oztractad. n
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This acsid compounnd is soluble in wa%er, especislly in
alkaline solution. It is not very soluble 1n'aleohol.‘ban~
-zeﬂa and less 80 inm Iigroiu and ahloroform. It nﬂnﬁaine no

egen.

The ohlorine in the alimline solution B was determined
by the Velhard methode If 8ll the p-n treculorbeﬁzana had

been sonverted to p-nitroanisoly p—azoxyanisol, or baﬁk. there

 would have been 7.09 gm. cf chlorine llberateds The yield ob=

tained is given bslow:

- -t

: Chlorine : Incory for
iikerated: chlorine,

Lol o
= e

s J— —— o ———

Li ]

Per c¢ent theory

.o ow
LT NT )

7309 89.40

B 8,34
A 6a34 7.09 - §9.40
B Badl 7e00 | 90445

- w R =D

;. Tha iltrates. from She azoxy compounde were also fested
fgr 50 811m fhrmg+e- bt the vi@lda7were aver 100 per ceﬁt}
;i soryy showing that some other subsiance bhesides nitrobene
‘vfﬁene_ﬁad baen redue2d.e 4S in the cssss of the oe-and p-nitro-
kﬂlﬁeﬂas and the a-ehlarﬁé%rabﬂ.weﬁe, no correlstion could be
‘m&de hotweon the mzoxy comnouna aﬂd the formnte.

=™ nuxrq TTf‘“T t\_u(’

AT W

'fﬁf(. {f?he reduetion of the nitrotoluenes snd the chlornitre-

”jfsbemﬁ@nes gere studied under the ssme conéitions impossd for

~ nitrobenzene in the first pazrt of this thesis. The meta

’

AR
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conpounds reacted in the same manner &8s the nitrobenzene
’it_éelf. toward the reducing sgent sodium methylate, but
the o-and g}-&erivativaa, where the :aeﬁhyl‘- group or chlor-
ine fanctions negstively, underwent complex resctiona,
giving geveral nroduvctn in eseh 2a8e, snd therefors wors
1ot s well sulted U0 snalysis By the forpale method.
%’fbén the szoxy compound was the zole produch, the formate
athod was sdequeie $o measure ths extent of +he rec‘mc-»
tione
Since, as 7reviously moted, on ths one hamd,
,az'xly& gus. of azoxy componnds were obt-aﬁ.ﬂéﬁ hile on
the other, there mas aprroxizmaisly 90 per ognt of the
chlorine 1ibersted ss sodinm ghloride, 1t
able thst in p-chlormitrobenzene, the chlorine atom is
the rezetive nart ,3-;- the molocnle, baing replaced by -00H,,
while the niire group ig =2lizhily affegted by the reduce

ing sction of EsUCHg.
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SECTION IIX.

™a redueling action ¢of potassivm methylate on nitroe
honzene is of interest, since it 1s of greéz practical ime
portance to substidtute scdium for potassium wherever Jfeas.
ible. Enisenhaimér (sés page 9), stabted that potassivm
methylste had no effeoct on nitrobensene unitil the sicohol
had hoiled awaye.
In thig experirgnt notassiom was oleansed by gip=-
ping sash dell of the metal intoe s mixture of ons part of
methyl aleohol %o nine parta of bensene, then riﬁsing well
in pure henzsne. The bdalls were weiched by difference unw
dor benzons. TwWo samples OFf S2.4 8%. sach were gut indg
small pisces under benzanﬁ. and droppsd through rofliux
gondensors inte 150 e, gorﬁiéns of nmethyl alceohol in 500
0.0s flasls, cooled Iin an ice mixture. “Yhe solutinns were
then tranzferrad to Z0 e.s vOIum@t7ic T166KS, 2084 0aCe
{22.6 gme} of nitrobenzens added, and the wholc made up
t0 250 G.0. volume with methyl alechol. The solution be-
pan $0 rodden immedistalys. It boiled at 85¢ Oy at firat,
dronning alovwly te 792, darkened %0 deep red«browmm, bub

no formate ssparsted during the resction.

Lt
(o4

gn the addition of Aiatilled wnter at the end of

three hours boiling, the nolution becsme 3 deep orange in
Pormate doterminations (givan in the following

tablel, proved ithat reduetion had ialen place in the

presence of the methyl slochol.
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CONCTLUSTON

The preceding results show that pe@asa.iﬁni Bethiyle
ate oxarts a slightly greater reducing action on nitro-
benzene than does sodium msthylate. The soludility of |
the potassium formate in msthyl slochol solution probedly
exerts some opresition to the redustion of nitrobenzene,
tnt this affeat 1m over.helansed by the greater sctivity .
of potassium.
| The affect of potmsslwa methylate is 56 1ike that
af zodlum methylate, that there Is 11%%1s nood for thse ume

of poteasium in this reaction.

GRIYRAL CONDLUSIONS.

{ale The ejuation plven by Eiinger Tor the rsduction of

ailirobensene by sodium methyliaste in methyl alschol solu-

tion hes boen verified quantitatively. Ho carbon dioxide

(il

1g formed ém'inf; the reaction, -  the sodinm formate obe
tained is esnivalent 4o the amouni of nitrobenzene reduced
t6 aszoxybenzene, and cen %therefore be ussd a8 o measure of
the extent of the redustinm.

(b}, The elffecta of varring amounts of water on the reduc-

e -

R e R e e e
ULAMEL ARPYW DOTIX QT LT ID
the speed of the resction to m desided degree. This effoct
ess marked ag tho amount of water im incressed. Yhen

1
an ancant of water anim«‘ﬁmﬂ' to &1l the sodipm methylate
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prasen’ has heen'sdded, faxther additions of water canéa a
propdriionsl decresse in the reduction or the extent of ro-
dustion i inversoly oproporiicnsl to the amonnt of watar
added, axbtil we resch asn smount of wster which veﬁdera the
aixture heteorogansous., Further additions of water Qava 1ickle
effecct, »
_{c}.'The sffsats of varying sooants of pyridine cnithe,re&ﬁﬁ-
tion have beon mtudied. In this osse small snounss of vy

ine cause & relatively larme increase in the reduciion. As

[0}

te soluiion becomes more ccqeeht&ated with respact se PyTie
dine, the effact dlminishes, and prodably WG furthar eTfoct,
wonl be noted when the soluniicon Decomes heter@ganasus. The
amovats of godium formate ohfained in the last twe aana?iu

mEnLR riﬁ% syriding iandleste redustlion 16 & 1¢Wér siage than
suzene, oF radugtion of the nyridine itse fa Siﬁ&s

- nagesnt aydrogen ie uéuallg gongidered necessmrylfa§ thé TEw

& ——dn £ Z EF. A A%y
$alxtis sffsst of agfzaiae sn R

40

redeetion preaenis sn interesiing problsa for ura refcaroh.
{ The reduetion of $he nisrotolinenss smnd the ¢hlorniiroe
henzenes have bean sindied under the stendardized sonditions
Tor sondueting those exporiments. IU was found - In these

ARVEY LSBT, that tne halisviar of the m~30ﬂw0hna~-war normal,
andé comparable to that of nitrobe meene, while the o=-2nld pe
comnoungs underwent elde reometions, and farms& 1it?1is cr no
B82ONY O ounds. Thig bohovior is in secordance with vhsh
we micht expeet fronm o oonslderation of the eleciromie form-

Blac. For instance, In the o-and pechlorniirobsnzene, the
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6%

chlorine is nsgative and replscesble by the nepative methyle
-ate radical »D‘CH,, while in the mechloranisrodenzene, the ghlorw-

" ine is positiva and not rerlaceable, i:hus*

No, No, NO,

@ _ ,

Gt

X% i well kno

c?

W
ic ¢ompounds in which &

ing #ith soldium methylate »11} ne® dignlmee ¢h

-

8
the nuclaug, wille in these componnds conlainlng negative

. 2

=3 fapiaced from the nucieus by

-
L

["
[+

[

. .
chiorine, the 1atis ig vrer

13

5
sodiunm hydiroxideo.
@) The effnet of potassium methylate, 25 compersd with that

of aeéﬁ;mlmemmw@, upon nifro @nzgpg in methrl slechsl mol-
also
5.‘33.’ ,'\35 btﬂﬁ J-'IV"B i Lse&" . ) : /
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