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'23SBOSDCXIOB*

This in v estig a tio n  la  Intended to  present a study o f  a  

w e ll known reaction  on a q u an tita tive  b a s is , with a  d e f in ite  . 

statement o f  quant i t  le e  o f  reactin g  substance®, experimental 

conditions imposed, and o f  q u a n titie s  o f  re su ltin g  substances, 

This work m s  considered o f  in te r e s t  s in ce so  crash o f  the 

l ite r a tu r e  o f  organic chem istry lacks standardisation^ many 

in v estig a tio n s being reported simply as a subs tam e prepared, '■ 

along with a b r ie f  account o f  the mode o f  preparation* The
jn.1tp  A s f r j O  y - T *1 ' dflw -

d it io n s , the nature and amounts o f  various by-products obtain­

ed, and p articu lar ly  the q u an tita tive  y ie ld s  are toe o ften  

om itted,

2&e reaction  chosen fo r  th is  In vestiga tion  mm the re­

duction o f  aromatic n itr e —compounds by n lh d l  ^iCvholdrcn « .

The redaction o f  nitrobensea®, for in stance, by sodium m es­

y la te  in  methyl a lcohol so lu tio n  has been known and used sine©
§1882 -hen  K linger f i r s t  s tu d ie d  th e  re a c tio n , bu t so xr.r mm 

can be learned from the l i t e r a tu r e , no attempt has been made

WW W%*-ix *.-£a V Ki*aj*j !J&* -<J V i  fcySJIl̂ akJiiqJ .̂ K/JLitX&XX. YiX vJi SXiiJX) %*!.***

o f  sodiusi raethylate oxid ized  to sodium fonsate* • s iln g e r  gave 

the equation for the reaction,

4 OsHsUOa * 3 laOGHg = 2 (G*H8i?»)0 +3 EgO * 8 SaGGHG

But HO experlmtmtal data to  show, that sdsigsi f&iSst# was titus 

only product of the oxidation
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o f  the methyl&te, and no In vestigation  o f tbi® point has
11

been recorded % any la te r  Investigator* laebaaa, working 

with sodina hydroxide and m th y l a lco h o l, s ta ted  that the 

amount o f water present in  the a lcohol had l i t t l e  e f fa e t  

on the y ie ld  o f asosy banseme# He need a very oonoentza- 

ted so lu tio n  o f  sodium hydroxide to obtain a quantitative

yield* Mo d e f in ite  study o f  the e f f e c t  o f  water on the r e -
50

dostion  o f nitrobensene had been made* sillgero& t sta ted  

that the y ie ld  o f  p-diehloraso^beiiseae .i s  depressed, a® the 

a lcohol i s  d iluted  with water* He used an a lcoh o lic  so lu ­

tio n  o f potassium hydroxide as reducing agent in  h is  exper­

iments#

In the present investigation* the -amounts o f  asoxy 

hausens and o f  sodium ss th y la te  formed i?sre determined when 

varying amounts o f  vsater or o f pyridine wore present in  the 

reaction  mixture* I t  was found that small ansouats o f  these  

subsfusses had a gres.s efx-sct on th© sxtsst* o f  tho rod os »i on* 

A ccap&rSscn o f  the y ie ld s  o f  asoxy compounds and o f  

the sodium formate produced when the mi trotoluenes and the 

eh l o m it  rob &n sense are reduced by sodium sse-thylat® i s  in ­

cluded in  th i s  study*

Finally* i t  was considered o f  in te r e st  to''compare 

the e f f e c t s  o f  sodium methyls to and o f potassium sothylate
A  3 «— *** -<A *1*  « . —» '£•*■«. > & « * « *  4v- .#*W #—**!•-•*».»*<»#■*. - i l l *  3  1̂ *  *■>. *>W +M& ' J*H -P <£_______

t3 W !J  1 .  -* A  V W O l i C W J i W *  ^ * , 3 . ! * 3  p » A V  V  A  V U P  ' - C .* * — *

vesst-Igation undertaken to secure data bearing: upon the work 

o f  a sp ec ia l committee o f  th e  nation a l Research Council-to  

ascerta in  the f e a s ib i l i ty  and d e s ir a b ility  o f replacing
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potass!taa cosapftaids by aodis®* compounds in  th e  o p era tio n s  

o f  bo-Si box© and a p p lied  eh eia ia txy .

H1SIMHICAL*
1

S in  in  ♦ In  1845 h ea ted  a lc o h o l ic  ^ t a s s i m  hydx03d.de

w ith  n itrob en sen e*  and o b ta in ed  aso3ty bentene* a lo n g  w ith  a

brown p otassium  s a l t  in so lu b le  in  a lco h o l*  tfexigtf u sed  s o -  
n itro b e n s e n e

ditaa a rani gam and /  In a c e t i c  a c id  and ob ta in ed  s s o  benaams*
3

Alsace J e f f  tr e a te d  n itrob en zen e in  a lc o h o l ic  sc lo t io n  w ith

sodi-gra ggaaljBBto-. made th e  s o lu t io n  a c id ic  w ith  a c e t ic  a e id .  ,

and a f t e r  h e a tin g  ob ta in ed  asosybensene and a  s n a i l  amount

o f  asob cn sen e. Zeknle.. d isc u sse d  the re la tio n sh ip ®  between
3

th e  red a ctio n  products o f  arena t i e  n i t  r'olbod i  sssf * -Kwile3£e j e  f"f 

l a t e r  em ended  h is  m r k  w ith  sodium amalgam aad found fur­

th er  th a t s in s  dust w ith  p o ta ss  r m  hydroxide had p r a c t ic a l ly

th e  sasse e f f e c t  on an a lc o h o lic  s o lu t io n  o f  n itro b en zen e  as
5

sodioEi aianXgtsa* Bacenack reduced ssi a lc o h o l ic  s o lu t io n  o f

a itro b en ssn e  w ith  sodium hyftrssid© and ob ta in ed  szoxyb on sese♦
6

Schmidt sa d  S e h u lts  ob ta in ed  asosybensen©  by reducing n it r o ­

benzene w ith  sn  a loch o l io  s o lu t io n  o f  potassium  hydroxide*
?

Sall&eh and « a lla e h  and XXepenheur in v e s t ig a te d  t h e ■forma­

t io n  o f  the ©xy aso-compound when a so sy  benzene i s  tr e a te d
6

w ith  warm d i lu t e  su lp h u ric  a c id , Schmidt aad S e h u lts  in  

s tu d ie s  on ezobenseae* recovasemled a  p r e p a r a t io n .o f  a z o sy -
J-.fflmmavuii «{ ♦■inftliayiBaMa tanJS alndh t\"i 4 ̂  -yurvf̂ ftifflts 3 ttm A _
f c r u i 4 c < ^ U V  J . ®  v « 3  * .«  * * * - * * » —  « . « •  v  * .  v m y  — •«—1 — ' — ■■— — * r

She y ie ld  o f  t h e ir  method* however* i s  low*
B

K lin g er  d isco v ered  a new and b e t t e r  method fox the  

red u ctio n  o f  n itrobenzen e t o  - the. asoxy  compound*- He u sed
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sodium n o th y la te  in  a m ethyl a lc o h o l s o lu t io n  and ob ta in ed  a  

q u a n t ita t iv e  y ie ld  o f  p r a c t ic a l ly  pure asoxybensene* He h e a t ­

ed  h i s  r e a c t io n  m ixture to  b o ilin g *  connected  w ith  a reflux  
condenser* on a w ater hath* and a f t e r  f iv e  or s i x  hours* d is ­

t i l l e d  o f f  th e  ex cess  a lc o h o l and poured the m ixture in to  

w ater , where "the a so sy  compound s o l id i f ie d *  Ha rep resen ted  

t h i s  r e a c t io n  as fo llow s*  o u t gave no experim ental ev id en ce  

fo r  h i s  c o n c lu s io n s:

-  t  »5 S tU S H f —? 2  (C^HgHJaQ  ♦  3  H u O s ^d  + 3  HgO

K lin g er  remarked th a t a la r g e  e x c ess  o f  sodium methyls, t e  

h a sten ed  the r e a c t io n , hat a  la r g e r  ex c ess  teas n ecessa ry  ■

When potassium  hydroxide was the reducing agent* A lco h o ls  

. o f  h ig h er  m olecu lar w e ig h t in cr e a se d  th e  v ig o r  o f  the r e a a -  ■

; %* s n  s
' 9

M oltsehanousky com pared th e  d i f f e r e n t  m ethods f o r  p re ­

p a r in g  s s s x y b c s s s a e , c o n t r a s t e d  y ie ld s* . ana s t a t e d " t h a t  h e  

c o u ld  n o t obtain , as h ig h  a  y i e l d  w ith  Zlinge.T*s m ethod as  

w ith  ^.lexe J e f f 's *  E o ltsc h a n o u sk y  p ro b a b ly  . s t a r t e d  w ith  im­

p u re  m e th y l a lc o h o l*
10

B ru h l p re p a re d  a lc o h o l  f r e e  sodium  m e th y la te*  and  u se d

i t  a s  a  re d u c in g  a g e n t f o r  n itro b en ssn ©  suspended  in  x y lo l*

o b ta in in g  a q u a n tita t iv e  y ie ld *  He a ls o  prepared’ methyl© tea

o f  th e  b o m e c ls*  m en tho ls  and eaaD hors*
11

Laehcaaa was l e d  by th e  s ta te m e n t o f  K lin g er*  th a t  .or­

d in a ry  m ethyl, a lc o h o l o f t e n  c o n ta in s  much w ater*  t o  r e t u r n  to  

M ala*©  method fo r  p r e p a r in g  a sex y b sn sen e  by th e  u se  o f  a l k a l i e s
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in  a lco h o l*  Laehsan u sed  m ethyl a lc o h o l and acdium hjdro3d.de,

s t a t in g  th a t the a lc o h o l s o s t  he ketone f r e e ,  h u t that th e

amount o f  w ater p resen t i n  th e  a lc o h o l I s  r e la t iv e ly  w ithout

in flu en ce*  Lachmn ob ta in ed  a  l e a n t i t a i i r e  y i e ld  o f  a so sy -

bsasena by the use o f  a  v e r y  co n cen tra ted  s o lu t io n  o f  eoditua

hydroxide* Laehaan. concludes h is  a r t i c l e s  w ith s  d iscuss  I on

o f the vericus formulae proposed for &k o benaene*
I S

Evans and Patsch reduced n itrob en san e in  e th y l  a lc o h o l,  

w ith  eagn esiisa  a sa lg a a , and obtained asobem ssne In  < in an tita -  

t i r e  y ie ld *
13

Evans and ?ry h ea ted  .n itrobenzene in  e t h y l  a lc o h o l

w ith  magnesites aaa lgsa*  She product & rxxji&vjr prOir c e n t

y ie ld  o f  asosybensene* 3hen m ethyl a lc o h o l was u sed  a s  a 
s o lv e n t ,  azobensene was ob ta in ed  in  a y i e ld  ox 83*5 p er  cen t*

Jdk 4 »¥»- •& 4«»t* ** •**-"! W5* a"J 4 4
m ^ « * W  -%». >w  m > « * - » * > * ■ > * .  A *  w ^ i W  * »  1L> w.'fc'W: 3& *L. <r A •  J *  % r i - i  w « * * ^  w i y , W M > 0 « S « ] i v

was a t tr ib u te d  to  th e  f a c t  th a t  m g a ee  S «  a e th y la te  was- fo r a -  

ed- 5,n $«.© la t v o r  o s« e 9 an s. t>ne n ascen t hyarogea recu sed  tlie  

produet, to  th e  a s o -s ta -ge* .gfeile in  th e  former case*  no etbjr- 

l a t e  -m s formed, and th e  r e a c t io n  stopped  a t th e  a so x y -a ta g e . 

f o  t e s t  th is  assur-iptloa* a lc o h o l free  magnesium s e th y la t e  

and aagwjwsius* a th y ia t s  were prepared* Sffcile th e  zsethylst©  

i s  so lu b le  in  m ethyl a lc o h o l,  th e  at hy la t e  i s  r e la t iv e ly  In-, 

so lu b le- in  the correspond ing a lc o h o l, hence the former i s  

more r e a d ily  ox id ised *  3hen n itrob en zen e was d is so lv e d  In  

m ethyl a lc o h o l ,  magnesium ‘ssaa lgas' added, and the ‘.#sole pro­

cedure ca r r ie d  on w ith ou t b e l l in g ,  asoxy and asbhonsens were 

o b ta in ed , th e  & naer In la r g e r  iu a n t ity , rhue the amalgam
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reduces the nitroocaapotmd to  the asoxy-stage, and the nascent

hydrogen formed with the methylate reduces the asosy compound 
1 3

further* Fry a lso  found that magnesium and methyl a lcoh ol con­

s t itu te d  a very e f fe c t iv e  reducing mixture*
‘iEeisenheimer studied  th© -effect o f  potassium aethylat®  

on nitrobenzene* At ordinary temperatures* there was no re­

action* when heat was applied* the methyl a lcohol b o iled  away 

{14Go-150°C* }* a reaction  f in a l ly  took p lace with great -vigor, 

and a dark s o l id  mass was lo ft*  When sodium m ethylste m s  used,
1 5

th e  r e s u lt  was azoxybensene* A lle n  used  ferrou s hydroxide as  

reducing  a g en t, and made a very thorough a n a ly s is  o f  h i s  reduc­

t io n  uroduotsa  
16

P etr lew  reduced n itr o to lu e n e  w ith  sodium amalgam in  a l ­

k a lin e  s o lu t io n  and b e lie v e d  th e  product to  co n ta in  a s o s y t c l -  

ueno* S in ce  th e  o-m-and p -n itr o to lu e n e s  had not a s  y e t  been  

f o l l y  d if f e r e n t ia te d  and re co g n ise d , and th e  p ro p er tie s  o f  the  

a so -sn d  asoxy-pro& ucts were very  im p e r fe c tly  known, th ere  i s

3omo doubt about th e se  products* (Sec Easpijiekhw, J* Ch©a* See*
17

(1868) 825) • Helms a ls o  u sed  sodium amalgam*
18

Perkin prepared o-axotoluene by the action  o f  potassium
19

hydroxide on o-nitrotoluene* K linger sta ted  that when. sodium

m ethylate rea cted  w ith  o-and p -n itr o to lu e n e s  the szo x y  compounds

were n o t formed* L ater , w ith  a  d e f in i t e  co n cen tra tio n  o f  sodium

m cth y la te , he  obtained  o -a so x y to lu en e , o - to lu id in ,  and a so x y -  or

o so —a c id s ,  from the r e a c t io n  m ixture*
20

Oui^ermann reduced o -n it r o t  oluen© w ith  s in e  dust in  a lc o ­

h o l ic  sodium h ydroxide, and ob ta in ed  th e  aaoaytoluen® ,
; . ' 2 1

Evans and Pry t r e a te d  o -n itro to lu e n e  in  ©i-Iiyl a lco h o l
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/O *

i
w ith  ouagnesitm amalgam o b ta in in g  a 50 p e r  cen t y i e ld  o f  o -  

asoxytoluano* About 38 per c o a t  o f  th e  o -n lt.ro  t o la  one m® 

rtsocvered unused* ^ e a  ssetbyl a lo o h o l •sms used* o - o s c t o l -  

none was obtainod  as th e  c h ie f  product* The y ie ld  was 66*5  

p er cen t*  lam bent hydrogen, l ib e r a te d  when th e  m eth y la te  was 

fonasd , probably accounts fo r  th e  d if fe r e n c e  in  products fozra- 

©d#
22

Goltiaahssi&t in  a study of Iccmeric te ln id lnes*  heated
K-aitTCteiuene with alcoholic potassiass hydroxide* as  then
d is t i l le d  o ff  the alcohol on a e n te r  bath* sand then d i s t i l l e d
the residue oyer an open flame* .-aschensene ©ae. the d i s t i l l -

ate*  rTc*rs ensPeue ?vss prolm'bly th e  f i r s t  "orod-uct* hut

th is  was converted  to  th e  aso-coapcuad on d i s t i l l a t io n *  Bar- 
23
•tr.est.ed an alsoholic so lu tio n  of m-iiitroteluDrse w ith

24
sodiuia sstaXgasa*. and. ob ta in ed  a-swso to lu en e*  Z lin g a r  s t a te d

th a t ss-nitrotolssnc on reduction #i eefiiua Etethylate foms-
25

ed a yellow ais&rpfcoua eoiupeupd* Bueiita sad SchactehedE
heated, n-ni tret o? ̂ ene */?. fh & acin i ion  o f  ecditEa1 hydroxide

•and se thy l alcohol, obtaining a-a-sosytolnane as the oroduct*
26

• S erigo  trea ted  p -n itrc  toluene with sodium amlgast*
27

and asotoli>3n£- resulted* -Tsmovsby found 'th a t ?iien p-nit.ro-
bolnene was h sis.ted wffch sodium nmeXgaia* p-agotoiasn© and a

28
cats!! smsennt _ o f  p-asojytolue.c©  we re- foraed* Pefcriew i® r l -  

fied  yanovshy*® rosr-Xie, snd aoied tfcot In, alcoholic eola­
tio n  the r e d a c tio n  produced 1;he • hydrasc-coamtcund also*

29
V&lns four.5 th a t the sscre* sen cen tra ted  th e  a lc o h o lic  s o l -  

nM.cn trc s ted  Mth selinm zueolgs.s, th e  more aeosry-eoiHpc-uiiX
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2 8
was formed* P etri ear announced from some .ftirther experiments 

that “liquid® n itrcto lu en e i s  read ily  reduced to  ©sosytolaene, 

and thence in  acid  so lu tio n  to  to ln id in , "but that s o lid  n itra ­

te  lusts© does not read ily  undergo these changes*
30

Perkin prepared p-asosytoluene hy the use o f  sodium

' amalgam* and then tr ie d  the e f f e c t  o f  a lco h o lic  p o ta ss im

hydroxide on p-n itrotolticae* She la t t e r  reaction  did a c t

y ie ld  the asoxy-aorapotmd, hut a red amorphous in so lu b le  eoa-
31

pound ufeiafe decomposed at high temperatures* K linger obtain­

ed a red amorphous in d iffer e n t substance along with acids o f  

undetermined com position, ?iien he heated p -n itroto lu en e with 

sodium mothylate* 2.1 ingor at to u te d  t  o a ss ig n  a formula to  

the red substance* He considered i t  a condensation product

formed frost asosytoluene with the lo s s  o f  water* 133 1st or 
31

a r t ic le s  HXIngsr s e t  forth, further s tu d ies  en the structure

o f  th is  and sim ila r  amorphous, colored, substances*
32

Bender and S cau lts  reduced p -n ltroto luene sulphouis

acid  with s lo e  end potassium hydroxide, and obtained net the
33

aso-compound Ileal© described , b t the to lu id in  compound* 

Bender and Schultz a lso  stud ied  the red amorphous cimpound 

obtained, h j K linger and o th ers, and considered i t  a s t ilh en e  

derivative*
" ' 3 4

Jaaovishy and tiiem&zm prepared p-sszotoluone, with a 

sm all asamflt o f  the 'azosgr-eotspomS present, by the action  o f  

sin e dust in  concentrated sodium hydroxide so lu tio n  a t - 100*0, 

-Isnov'usisy continued the study in  la te r  vsork* He obtained two 

isom eric p~&s oxytoluen.es, on© m elting at 70*0, and the other
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a t  ?5°C*, frora th e r e a c t io n  o f  s in e  dust and soda on par® p -  

nitrofcoluene* Those compounds were reduced to p -to lu i& In e  

when tr e a te d  w ith  t i n  and h y d ro ch lo r ic  acid* S ta d ia s  o f  prop­

e r t i e s  and c r y s t a l  measurements were a ls o  made*
35

F isc h e r  and Hepp h ea ted  p -n itr o to lu e n e  w ith  sodium  hy­

d rosid e in  m ethyl a lco h o l*  and ob ta in ed  p~dInltrodifceiixyX; a  - 

sm a ll amount o f  p - d in i t r o s t i lb e n e ,  d ln i t r o s o s t i lb e n e  and a 

la r g e  amount o f  the red  asjorphoas compound f i r s t  d e sc r ib e d  hy 

Perkin* Jhia compound use obta ined a ls o  when p -d in itr o d ih e n -  

sy l was reduced w ith  sodium  m ethyls t s ,  a d is c u s s io n  o f 'th is  

amorphous compound was giwon# along: w ith some reaction®  o f  

r e la te d  compounds sad  referen ces, t o  T sr icn s a r t i c l e s  on dye®,

e tc *  The c o n s t i t u t i o n  was s t i l l  u n s e t t le d *
3 5

S eh a id t tr e a te d  p -n it r o io iu s n e  in  e th e r  w ith  m e t a l l i c '■ 

sodium* When eq u iv a len t amounts o f  sodium and th e a itreco m -  

pound were used* a  sm a ll amount o f  p -a so sy to lu cn o  was ob ta in ­

ed* The c h ie f  product tms a bfcown substance w hich , -shea t r e a t ­

ed  w ith  h y d ro ch lo r ic  acid *  formed th e  rod compound o f  P erkin  

and K linger* Schmidt co n sid ered  th is  to  be p -asoxyd lh yd ro-  

s t i lb e n e *  When ex cess  sodium was u sed , the y ie ld  was c h ie f ly

aso to lueoe  with a sm all smcunf o f  the  asosy-coiapoimd*
3?

EvzmB and F ry  t r e a t e d  a  s o l u t i o n  o f  p - n i t r o to lu e n e  in  

e th y l a lc o h o l  w ith  ©agneeluia amalgam* A f t e r  p ro lo n g e d  b o i l ­

in g ,  th e  y i e l d  was found to  b o  n in e ty  p e r  c e n t  o f  th e  t h e o r e t ­

i c a l  y i e l d  o f  p -a so sy to lu e n e *  $hen m ethy l a lc o h o l  was u se d  in ­

s te a d  o f  e th y l  a lc o h o l ,  p - a s o to ln e n s  was o b ta in ed *  in  a  y i e l d  

o f  23*9 p e r  c e n t*  S h ir ty -© :i$ it  p e r  ce n t o f  th e  p -a s o s y to lu e n e
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■ mati re c o v e re d  t*a<Siaag®d» and- s~aseasy to lu e n e  w  o b ta in e d  i n  

s  y ie ld  o f  32*S per eent* the seaotioa  was mtss affe&tod hy

the formation o f masses 5t» s&tfeyl&ie* «*iil» in the .first case '

no eth y la te  ®as form d  
3 8  

Green w ith 'M s ao-^ sfeers have mi® an in ten sive  study  

o f  t.he. red eeapouad fi r s t  obtained hy Pes&in and. by E lisgor*  

• SSmgr c o n c lu d e , a f t e r  snfth r e s e a r c h ,  th a t  th e  m o rp h e a s  c o n -  

. doused  eensponBd :&» d in i t r o d lb e n z y l  o r  d i n i t r o s  t  llbeis® o r  b o th ,  

t o r  t h i s  m *k± _G m  - th e  M b iio g ra p h y  ( a m b e r  SB f o r  r e fe r s a o e e } ,
S3

Emomm roaarfced that the eblerin© in ohlorz&tTObeaseae> 
i s  so tightly bound to the ring fm t x&ilo potasslaa hydroxide 
radioes til© si. tro sroup,. i t  doe© sot a ffec t tli© C&1ot£xM># S# 

obtained as' aso^-eea^ouad os ra&notion but oaaaiood that 
t h is  m  tomod froa p-©klon%i irofeenoeas coat at nod in  the ©-

C'hXOS'iii vi-S iufSiiSSSS vrj. u«* 7«Jt *C'V» viO OrO<3 •il'W'fSSi'SS tii3i<3.
-J8

Cl«wwa**»:** t.-Ssn* sk fiASiw* ?*»#* h a  a V’e^et: nn *%*» aM -ia in m l—  *£"* ■— *** *** ~~ *»— ** *— • *"■"* •— -  -* '  •’r* ^ » r  '  - • - ‘••i» ■■■»«»  ■■• -» l»i'W --rw~ *^‘tw+ »  «-—«* .> --r-»» -f *+r»m v . - ^ *  gĝ. %Jf "*sySBi S3.**"^

Jg#5 *yf£ O !x hi t l i v x Of-? ’̂rfl iv€s 'tcf zp t f7*r?T? £i T. ^ T; I'-0

ehlomitrobensenes are ligoid}*'
U  '

T*olry do Brtiyn treated  e*ohlcc»£ trobeaseno in  taothyi-

ale<tiG>l tfith so dims rjethylets* *m& chtarssd, a fter  heating to
XOG*G, in a s-iifiled tube, a y ie ld  of ©—oitroanis©1* -.Ss.® e s t l—

•nation o f  eb iorin s in  the rm ld tfi eorroapoadod v lth  the a s l~

solo  formed# ehotsins- a goant ttativ© y ie ld , *tj© bromine e©a- 
aoaM sets  e imSl&rlr*

4S
Brand tiea ted  o-CiilomS:tx^ense.-n© with a  a is tn re  o f  

itsa' ss5 thy  l a t e  In  m- vhyl s lc o h o l*  He found i n  th i s  s tu d y  

t h a t  In  s t ro n g  a s th y la - te  s ^ l- .i t io n , © •dich lsrasohonseB ©
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formed# In m oderately d i lu t e s e lu t io n  o-dichlorssorxyberisene

was obtained# and in  a  v ery  d i lu t e  s o lu t io n  o f  sodium m eth y l-

ate# o -a so x y a n iso l and d ia n is id in  were obtained*
43

Ti c h i found th a t sodiiua io d id e  had no c a t a ly t i c  e f f e c t  

on the replacem ent o f  the c h lo r in e  i n  o-nitroO hlorfeensene  

and in  p -n itroek lorbensen©  by the -OCH * group o f  so d im  © et-  

h y l s t e .  In  moat o f  the organ ic  c h lo r id e s  stu d ied #  sodium io ­

d id e  was a p o s i t iv e  os t h i s  rop X acsssn t•
4 3

,-Bfr' Mooy' - o -n itro e h lo rb esz en e  and

sodium m efh y la ie  a t  85®C« and ob ta in ed  a q u a n t ita t iv e  y ie ld  

o f  o -n ltr o a n iso l*  *h is i s  in t e r e s t in g  in  th a t com plete r e -  

placem ent o? i t s  ■ Ohio r i s e  by., a sp a eth y l eooxxrred w ith no re ­

d uction  o f  the n itr o  group#
45

X snbenheieer and w i l l  h eated  «-© hlen it.robensens  

w ith an a lc o h o lic  s o lu t io n  o f potassium  hydroxide and oh- 

ta in e d  sa-dldslorasosgrbensene as product# l ik e w is e  De Mooy*** 

reduced *s-ch lom itrohensezss id th  s c - i im  © sth y la te  and ob­

ta in e d  th e  same nroduet*
4 7

Hotsaarm h ea ted  p -n itro ch lo rb en sen e  d is s o lv e d  in

a lc o h o l w ith  potassium  hydroxide# o b ta in in g  p -e h lo r a so sy -
4 8

b en zen e. Hoffn&no ond Geygor d is s o lv e d  p-eh lo rn  i  trobensene

in  -e th e r  and added sodium . She m eta l b lachened  and- cram-

b le d  to  a b lack  powder* In  w a te r  t h i s  su b sta n ce  formed d i -
4 9

eh lorssoxyb en sen e.f-.'lan b en h eiser  and W ill ob ta in ed  p -d ick lo r -

aSroxybensene fro© the n itr o —compound in  an a lc o h o l ic  s o lu t io n

o f  o o ta ss iu a  hydrm lde*
50

W illgerod t tSfoated p -n itro o h lo rb en sea e  w ith  potassium

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



hydroalde in  m ethyl a lc o h o l s o lu t io n .  He o b ta in ed  p -n it r o a n i-  

s o l  and p -c lio h lo ra so sy h en sen e . '.shen an e th y l  a lc o h o l s o lu t io n  

was used* the p -n itr o p h e n e to l was obta ined* In d i lu te  s o lu ­

t io n ,  potassium  nltrophenjrl&t© was a ls o  form ed. ffhen th e  re ­

action . f ix t u r e s  were h ea ted  t o  150®-200® ,  th e  red u ctio n  

y ie ld e d  p -c ic lilo ra so h en sen e  in s te a d  o f  th e  a se sy  compound. 

D ilu tio n  o f  th e  a lc o h o l w ith  ivater d im in ishes/ th e  y ie ld  o f

dich lorasoxyhen  sen© *
51

H ctarsky and o th ers prepared p -a a o a y a a tse l hy th e  r e ­

d u ctio n  o f  o - n it r o a n is o l  w ith sodium m eth y lo te .
52

Be Mooy tr e a te d  p -n ltroeh lorb en sen ©  w ith ©odium m eth-

y la t e  and ob ta in ed  a q u a n tita t iv e  y ie ld  o f  p -n l t r o a n is o l .  .

He c a lc u la te d  the r e a c t io n  v e lo c i t y  c o n sta n ts  /o r  the form s-
53

t io n  o f  th e  a n is o le s  from. c h lo r a ltr d b e a s e n e s . B io s  s tu d ie d
•& * % ,* *  4 r 4f% ■*-<*•* < S  4/%*% «* .* # • «

V U W  V - c V W A J i  W » - ^ V f c  j p W  « * .’*•> Ca» w» *  v -  * *  f r

M to d  the fo r e s t  ion  o f. rfiehloresoxy'bensene*
54

z>xc?n*srn.son xvUxid asoount ox  asetralaonyde o r s—

se n t  l?i the a lc o h o l in c r e a s e s  the y ie ld  o f  d.ich lo r e s  oayben- 

se n e . An in c r e a se  in  the co n cen tra tio n  o f  th e  a lk a l i ,  or a  

r i s e  in  tem perature a ls o  fa v o rs  th e  form ation  o f .th e  a so sy  

compound. B -o h lo r s n ilin e  i s  always formed in  a p p r ec ia b le  

q u a n tity  when p -d ieh lersso x y b en sen e  i s  fc sa e d  to la r g e  ex ­

t e n t .  liitr o p h sn o l i s  always a b y-product whon e h lo m i t r e -  

bonsene i s  h ea ted  w ith  a lc o h o l ic  a lk a l i  s o lu t io n ,  and th e  

y ie ld  i s  in crea sed  as. tem perature and s tr e n g th  o f  s o lu t io n  

i s  raiss& .though s l ig h t ly  a f f e c t e d  by th e  presence o f  w ater  

in  the a lc o h o l .  R ichards on used  an  s lo o h o l ie  s o lu t io n  o f
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/ 4

potassium  hydroxide to  reduce n ltro ch lo rb en sea e#  and h is  ob­

j e c t  m s  to  stud y  th e  fa c to r s  tiia t in h ib i t  th e  form ation o f  

th e ch lo ra s  oxybfense/ies«

Other methods for  the red u ctio n  o f  n itrob en zen e and

analogous c caponnds w i l l  be found l i s t e d  in  an  a r t i c l e  by 
55

Snowdon on E lec tro  l y t i c  H eduetion o f  Hi fcrofcsnzeno”*

£J* Physu Chenu 15 , p 882)* Many I 'e la ted  compounds have been  

reduced by v a r io u s methods s im ila r  to  th a t  u sed  in  th is  in ves­

t ig a t io n ,  but th ese  can n ot b eg ivea  h e r e , s in c e  th ey  are beyond  

th e  scop e o f  th e  p resen t work*

k  l i s t  o f  r e fe r e n c e s  to co lo red  compounds fome-4- when

nitro-csssoounds r e s e t  in  a lk a l in e  s o lu t io n s  w i l l  be found in
6 0

th e  b ib liography* a ie  y e llo w  c o lo r in g  m a tter  ob ta ined  in  

most o f  the fo llo w in g  experim ents may b s  r e la te d  to  some o f  

th o se  d escr ib ed  in  th o  corresponding l i s t ,  though th e re  soesss 

to  be bo d e f in i t e  knc^rledge on t h i s  p o in t*

• m S O B S flC A b . .

8
K lin g er  in v e s t ig a te d  th e  a c t io n  o f  d3.ffere.nt a lc o h o ls  

and a lk a l ie s  on arom atic n itro-com pounds, and fo r  th e  prepar­

a t io n  o f  azoxybensene* recommended a method which i s  s t i l l  

th e  most g e n e r a lly  used* namely th e  red u ctio n  by sodium n e th -  

y l a t e .

4: i y \  3 BaOCK, Z f T K ^ ~ 0  + 3 laOSHO •»• 3 H«0

S h is r e a c t io n  sas chose/7 fo r  s tu d y , becau se ascsyb-ensene i s  

alw ays the f i r s t  and u s u a lly  th e  c h i e f  product o f  the a lk a l­

in e  red u ction  o f  n itro b en zen e  '.fail© asobenzene and. hydroazo-
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benzene are some tim e s  formed. la  a c id  s o lu t io n , th e  red u ctio n

u su a lly  r e s u lt s  ia  a n i l in e ,  and in  n e u tr a l s o lu t io n  phenyl-
56

hydroxylam dhesis form ed. A llen  a ta te d  th a t  in  n ea r ly  every  

case the r e s u lt  o f  red u ction  was not s  s in g le  product, W t a 

m ixture o f  p ro d u cts , o f te n  co n ta in in g  complex decom position  

p rod u cts. Hence a r e a c t io n  was d e s ir a b le  which gave but one 

red u ction  p rod uct, r ; K lin g e r 's  r e a c t io n  was ch osen , and 

proved to  y ie ld  o n ly  azoxybenxsne by a comparison o f  th e  axoxy- 

benaene and the sodium format© produced, and th e  con firm ation  

o f  the fa c t  th a t no sodium carbonate was produced during th e  

r e a c t io n . In o th er w ords, the form ate does not a c t  as a r e ­

ducing a g en t.

S in ce  th e  e f f e c t  o f  water on th e  re a c t io n  was t o  be

s tu d ie d , sodium and pure m ethyl a lc o h o l were used  in s te a d  o f
1 1

sodium hydroxide and aqueous m ethyl a lc o h o l as L&chman rec ­

ommended. fo r  th e s e  would rea c t to  form w ater, b e s id e s  th e  

w ater con ta ined  in  th e  a lc o h o l, and formed In th e  red u ctio n .

The amounts o f  th e  s t a r t in g  m a ter ia ls  were chosen fo r  con­

ven ience In m an ip u la tion , i . e .  to  g iv e  a r e la t iv e ly  la r g e  

y ie ld  o f  asQxybeazen© w ith in  th ree  hours o f  b o i l in g ,  and 

y e t th e  a lc o h o lic  s o lu t io n  was so  ad ju sted  that f a i r l y  la rg e  

amounts o f  w ater or p yrid in e could  be added w ithout d estro y ­

in g  th e  hom ogeneity o f  th e  s o lu t io n .

3FHB OBJ EOT OF THE INVESTIGATION.

The purpose o f  t h is  in v e s t ig a t io n  Is to  p resen t on a 

q u a n tita t iv e  b a s i s ,  th e  e f f e c t  o f  a lk a l i  a looh ^ Ia tes on aro­

m atic n itr o b o d ie s  in  various media. The r e a c t io n s  and th e  

compounds are w e l l  known, but in  th e  p ast t h ir ty  y e a r s , corn-

4
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I f

p aratively  l i t t l e  a ttention  has been given to  th is  reduction  

reaction , e s p e c i a l l y  to the conditions governing the extent 

o f  the reduction. For that reason i t  was considered o f in ­

tere st  to  study the e f fe c t s  o f varying amounts, water

and la ter  o f pyridiney on the extent o f the reaction  o f sod­

ium and o f potassium methylates in  methyl alcohol so lu tio n , 

in  the presence o f aromatic nitro^oompounds. The e f fe c t  o f  

potassium msthylate as compared with that of sodium methyl- 

ate is  in terestin g  from the standpoint o f the su b stitu tio n  

o f  sodium for potassium wherever p o ss ib le , as noted previously.

KXFEKIUEMTAL PAST.
A ^ M n k « t n 4 > T i a

The apparatus used was very sim ple. -S-ho reduction

•ra-iact-uros an a^ i i  reactions here studied were carried out in

dup licate , in  500 c .c .  round-bottomed f la sk s  o f the same 
of

shape and/ about the same surface area, The diameters o f  

the bulbs of theBe f la sk s  were equal in every case. These 

f la sk s  were connected with re flu x  condensers having wide 

stra igh t tubes throughout, so that thermometers could be 

suspended through them and dip in to  the reaction  mixture.

The water baths used had constant le v e lin g  d evices, brass 

rings o f equal diaraeter, and the flow  of water through 

these was kept as s lig h t  and as uniform as p o ssib le . The 

burners used were o f the low type and were chosen to  g ive  

equal flames.

The steam d is t i l la t io n  apparatus was of tho usual 

type, u tily z in g  kerosene cans for steam generators.'T-tnbea
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were inserted  between generators and the f la sk s  containing  

the mixtures to  make i t  p ossib le  to  cheek back-suction when­

ever necessary.

J?or the t itr a t io n  work, burettes corrected at the 

German Bureau o f Standards were used.

PBOCE35UBE.,

She methyl alcohol used in these experiments was
ft ®Eerek s 0 .? . ©ethyl a lcoh o l, The s p e c if ic  gravity  at 2IeC. 

was found to  be 0.7965. She b o ilin g  point was between 65° 

and 66°C. I t  did not redden blue litm us. T ests for non­

v o la t i le  m atter, acetone, e th y l a lcoh o l, empyromantic sub­

stan ces, aldehydes, ox id isab le  substances (oxi& lzable by one- 

tenth  normal potassium permanganate), chloroform, e tc . were 

made, and i t  was concluded that in  a l l  cases the amounts o f  

these substances present were n eg lig ib le . The sodium used 

was w e ll trinned and scraped immediately before weighing.

The nitrobenzene was iCahlbans's product, and was r e d i s t i l l ­

ed o cca sio n a lly , B.P. » 203° C.

The other nitro-compounds -n itroto lu en es and ehloroitz©ben­

zenes, were a l l  manufactured by Kahlb&um.the m elting-points 

are given under Section (3 ) .

The pyridine was Baker's product, r e d is t i l le d ,  B .P . 114-115°C.

When nitrobenzene i s  reduced by sodium methylate in a 

so lu tion  o f  methyl a lcoh o l, aaoxybenzene and sodium formate 

are formed

^ 0 -w o ^   ̂ 3a0CHa 2 ( T % y - Q  •* 3 KaOCHO + 3 H,0
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About ISO e*o* o f  methyl alooJsol ware placed in  eac3i o f  

two volumetric .flasks o f  200 @*c* capacity* cooled in  an ioa  

mixture* The sodium  {17*3 ©a* for each portion} m s  added slow­

ly* in  lone elender str ip s*  about 2 ,5  cm* long by 0 .5  cm* in  

diameter* 35ie methyl alccSiol so lu tio n  vms kept near or a t the 

b o ilin g  point by the v igor o f  the reaction  u n t i l  most o f  the . 
sodium had been added*

*5a ❖ aOS^S ------  ̂ *Hs DSS3 + H#

When, the action  had slackened* the f la sk s  wore removed from 

the io e  solution* and the reaction  proceeded nearly to  com­

p letion* She f in a l two or three p leees o f  sodium were d is s o l­

ved by the addition  o f  small amounts o f  .methyl alcohol* The 

so lu tio n s were now cooled to room temperature} about 22-£3®G*) 

in  so ld  water* and occupied- as s  rule* a l i t t l e  ever 150 c*e* 

volume* To each o f  these was added nitrobensone (24*6 pa* or  

20*44 c*c*} from a.buyette* The volumes were ssd e up te  200 

cue* a t room temperature* and the mixtures poured la te  the 

500 e*e* round bottomed flasks*  Two volumetric fla sk s o f  

f i f t y  o*c* capacity were now f i l l e d  to  the mark with methyl 

alcohol* and one o f  those used to r in se  into the round hot team­

ed f la sh  each o f  the remaining amounts o f  reaction  mixture 

in  the volumetric flafeks* so that, in  the end each round bot­

tomed fla sk  contained exactly  250 c .c *  o f  so lu tion* These 

fla sk s were then placed on the b o ilin g  water baths (constant 

le v e l)  ao that ©gual surfaces' were heated* In f iv e  to  seven  

minutes the mixtures would
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be b o ilin g , and they were b o iled , in  every c a se , three hours, 

with re flu x  condensors f i t t e d  with thermometers, so that the 

temperatures could be watched* At the end o f  three hours 

the water baths were removed, the thermometers were raised  

part way up the condenser tubes and 100 o .c .  cold  d is t i l le d  

water poured in to  the mixtures to  stop the reaction .

When co o l, the contents o f the f la sk s  were subjected  

to  steam d is t i l la t io n  keeping the about h a lf  f u l l  o f

th e  'mixture. The unused nitrobenzene and the methyl alcohol 

were completely separated from the azoxybenzene in  the f la sk ,  

when from 500 to  500 e .c .  o f  d i s t i l la t e  had passed over. 

However, asoxybedzene to  a very sm all extent is  v o la t ile  with  

steam. From 0 .3  to  0 .5  gm. would be found in  the d i s t i l la t e  

on steam d is t i l la t io n  o f  the la t te r  and ex traction  with ben­

zene.

She yellow , a lk a lin e  residue in the f la s k s , a fter  

steam d is t i l la t io n ,  contained asoxybertsene, sodium formate 

and much sodium hydroxide because excess sodium was used. 

Sodium carbonate Vvbspreaent only when carbon dioxide h&ff 

been absorbed from the a ir ,  i f ' the strongly a lk a lin e  solu­

be been l e f t  unstoppered. The azoxybenzsne oollecteclat 

the bottom.

The azoxybenzene was removed by shaking the residue 

i s  s. ose l i t e r  separatory funnel, with sm all portions of 

benzene, u n t il the b e n z e n e n o  longer colored  by the y e l­

low azoxyboaseno. The a lk a lin e so lu tion  remained deep or­

ange-red. Benzene would.not remove th is  c o lo r , norvtfte b o il­
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ing with charcoal sa t is fa c to r y , as the forKate to be determin­

ed ftifffthe adsorbed. The benzene eo la tion  o f azoxybenzene was 

dried with calcium chloride and concentrated by d i s t i l l i n g  o f f  

part o f  the benzene. The remainder was placed in  a weighed 

ca ssero le , and the benzene allowed to  evaporate in  the a ir .

The azoxybenzene soon reached constant w eight, and was prac­

t ic a l ly  pure. The y ie ld  of ascxybenzeae was ca lcu la ted  from 

the equation ( f i r s t  given by K linger)s

4  4 3 SaGCE*   Z * 3 aaOOEO -f 3 Ha0.

A leading motive o f th is  research was to  ascerta in  

whether or not the y ie ld  could bs determined from the amount 

o f sodium formate formed. For th is  purpose the a lk a lin e  

so lu tion  remaining a fte r  the extraction  o f  the nitrobenzene 

was boiled  to  expel the remaining benzene. I t  i s  scarcely  

necessary to  add that every drop o f the so lu tio n  was kept 

for th is  purpose, the round-bottomed reaction  f la s k , and 

the separatory funnel, ca refu lly  washed, and the tran sfer­

ence o f the so lu tio n  during extraction  with benzene most 

ca refu lly  carried out, e tc . The a lk a lin e  so lu tion s were 

allowed to cool and then transferred to  one l i t e r  volumet­

r ic  f la sk s . These were then f i l l e d  to  the mark with d is ­

t i l l e d  water, and a liquot portions usod in the formate de­

term inations.

Two d ifferen t methods have been used for these fo r­

mate determ inations. Three others were tried  and abandoned 

as inpracticabl© in th is  case. The f i r s t  rsethod used was
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5 7
th a t o f  Joseph for the determination o f  formic acid* In th is

■f/aak
case 30-40 e*c* o f  the so lu tio n  in  a  500 c«c« ^leis^yer^wer©  

d ilu ted  to 100 c..c«, sad© acid  with sulphuric acid  and heated  

to  'boiling with re flu x  condensor for  f iv e  M antes to  reracnra 

carbon dioxide* T he  re flu x  m ss rinsed and the so lu tio n  allow ­

ed to  cool* fhe so lu tio n  was then rnde neutral with sodium 

hydroxide, (ths i  UulCwtrO? being a two per cent aqueous suspen—. 

s io n  o f  phonolphthalein), heated to  b o ilin g*  and bromine wafer 

added u n t il- th e  co lo r  no longer disappeared ‘m ed ia te ly*  She 

b o ilin g  was continued fo r  h a lf  an hour a f te r  the c o lo r  had 

faded* She hydrobroiaio acid  tossed  according to t h e ’equation^;

G 0 + 3ra — HBr * 00a + HaBr
■

was t itr a te d  with standard tenth-noraal potassium hydroxide* 

SiOfaijie vfator b o iled  alone lo sres  a s n a il  quant i t ?  o f  free  

a c id , so  corrections were made according to  blank runs, but 

th ese  were re a lly  n eg lig ib le*  This method gare re su lts  

cheeking from one to  throe per cent* She yellow  co lorin g  

m atter described ©bore in terfered  s l ig h t ly  in  the Sstcrss&n- 

a t ion o f  the neutral point before the bromine was added* 

f h is  In turn made the amount o f  standard potassium hydrox­

ide e ith e r  high or low* The yellow  oonpoxmd was decolorised  

by the hr-oRiso. water and th is  a lso  lessoned  the-©a©urscy o f  

the resu lt*  A b etter  :Saatfao4. was sought*.

An attempt was made, to separate the formic acid  by 

d is t i l la t io n  o f  the so lu tio n  ores’ phosphoric acid , but the
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yellow  compound reacted with the acid* and formed a v o la t i le  

mixture* ' Part- passed over with the formic acid* but a f te r  

two days* b o ilin g , the phosphoric acid  so lu t io n  was as yellow* 

apparently, as ever, -I© d e f in ite  resxilts could be obtained 

in  t h is  way,
m

the mercuric ch loride method o f  Frans an aM  Grove as  

indicated  in  the follow ing r u c t io n

m m  + 2  Hgde 0 0 * * 2  3 S3. .+  3 ^G1 « '

■ 'gaVfcaaOmlous resu lts*  idhe yellow  compound was probably ox­

id ised  by the mercuric chloride*

fas ordinary, permanganate method in  m ica  a so lu tio n  

o f  formic acid  i s  made neutral w ith sodium carbonate and t i -
■fl- ■—» .A  Jt» a  < »  ■» m * itf* « m * 4  4>« « * » ,3  w * » ^ 4 »  #»•#>»#%  ^  * «»■*»* * >^ »  »— **>»> **m <Wt4 *  **b-

. 4«iv a  -ica*xiav yMlcu vu cuwi&uajLu

did not work out any b etter , than tha bromine methods on ac­

count o f  the obscuring o f  the end point by the yellow  com- 

pound* . 2ho re su lts  v a r ie d ' as much as two per ce n t, sometimes 

two-and a -h a lf  per cent*
«  5 • > ?  < s  4*, •A*’̂ eto »>< * 5  ** * -f * * v >  * 3 - n » / »  4 ^ y H& iuv t^A xJL w ^vav ii y l  vjIv* voXt^raXji^SSwiv-v wv

59
th a t o f Scott was a t  l a s t  found to  be successful* Here 1 0  

c*c* o f the a lka line  so lu tion  d ilu ted  c«c« in  a 5 0 0

e*e* jSrleaaeyer flash, were mad© ac id  with sulphuric acid* 
then alkaline  with sodium carbonate {as above)* Litnoa was 
uiiwd as as  indicator* .Clie so lu tion  was bested nearly  to 
boiling* and a measured amount o f  one-tenth norma! potassium, 
permanganate run in drop by drop u n t i l  some em ess ( W  c»o,} 
was present* She so lu tion , was then made ac id  by the addition 
o f  1 0  e*e* of d ilu te  sulphuric ac id , w ell shaken and heated
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s e v e r a l m inutes near the b o i l in g  p o in t . Shea a measured at.- 

mount o f  o n e -ten th  normal o x a lic  a c id  was added s lo w ly , u n t i l  

th e  s o lu t io n  became c o lo r le s s .  S h is  was somewhat in  e x c e s s .  

Hext th e  m ixture was heated  fo r  four m inutes at about 9 0 °C ., 

w ith  freq u en t sh ak ing . F in a lly  th e  s o lu t io n  was tr e a te d  w ith  

th e  standard  potassium  permanganate drop by drop, u n t i l  a 

f a in t  p ink  appeared. She amount o f  permanganate s o lu t io n  

e q u iv a le n t  to  th e  amount o f  o x a l ic  a c id  added i s  now su b trac­

te d  from th e  t o t a l  amount o f  permanganate added, fh e  d i f f e r ­

en ce i s  th e  amount o f  permanganate eq u iv a len t to  th e  form ic 

a c id  in  th e  sam ple, and thu s th e p ercen t o f  form ic a c id  can 

be a c c u r a te ly  determ ined.

HKSULfS. S e c t io n  !;( . a ) , 

fitrobenssene was reduced by sodium /frethylats w ith  an­

hydrous m ethyl a lc o h o l as so lv e n t  medium. $ h is  fu rn ish ed  a 

b a s is  fo r  th e  comparison o f  th e  e f f e c t s  o f  vary in g  amounts 

o f  w a ter , and la t e r  o f  p y r id in e / on th e re d u ctio n . She reac­

t io n  i s  u s u a lly  con sid ered  to  be as fo llo w sJ

a H&QCHa — -  2 C X ^ X )  ■* 3 HaOCHO * 3 H,G.

fh e  sodium m sth ylate so lu t io n  was prepared, as p rev io u s ly  

d e sc r ib e d , by d is s o lv in g  1 7 .2  gra. o f  sodium in  about 150 c .o .  

m ethyl e ic o h o l ,  and to  t h i s  adding 2 0 .4 4  c . c .  o f  n itrobenzene  

(2 4 .6  gm .) and enough m ethyl a lc o h o l to  make th e  t o t a l  v o l­

ume 250 c . c .  According to  the eq u a tio n , 2 4 .6  gm. o f  n itr o ­

benzene i s  eq u iv a len t to  3 .4 5  gm. o f  sodium . F ive  tim es t h i s  

t h e o r e t ic a l  amount or 1 7 .3  gm. was used in  order to  h asten
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th e  r e a c tio n  s u f f i c i e n t l y  to  secu re  good y ie ld s  by b o i l in g  

fo r  th ree  hours. O n e -f if th  o f  a  mol o f  n itrobenzene was cho­

sen  fo r  con ven ien ce , and so  i f  th e  r e a c t io n  a c tu a lly  proceeds  

as K linger w rote i t ,  we should  have a t h e o r e t ic a l  y ie ld  o f  

sodium form ate o f  1 0 .2  gras. T his compound w i l l  be con ta in ed  

in  th e  a lk a lin e  s o lu t io n ,  a f t e r  the e x tr a c t io n  o f  azoxybenzene 

w ith  benzene.

“he experim ents were alw ays run in  d u p lic a te  and w i l l  

be d esig n a ted  h e r e a fte r  a s A and B, meaning Bun A sad Bun B.

She r e a c t io n  m ixtures fo r  th e  red u ction  o f  n itroben ­

zene in  anhydrous m ethyl a lc o h o l ware made up as fo llo w s :

1 7 .5  g o . sodium were added in  a  l i t t l e  a t a tim e to  150 o .o .  

o f  m ethyl a lc o h o l co o led  in  an ic e  m ixture. (Por d e t a i l s  se e  

P rocedure). When th e  sodium was a l l  d is s o lv e d , and th e  mix­

tu r e  was at room tem perature, 2 0 .4 4  c . c .  n itrobenzene were 

run in  from a b u r e tte . The volume was then made up to  200 

c . c .  a t  room tem perature, tr a n sfe r r e d  t o  round bottomed  

f la s k s ,  th e  vo lu m etr ic  f la s k s  r in se d  out w ith  ju s t  5<?c.c. 

more o f  m ethyl a lc o h o l ,  th e  r in s in g s  added to  th e  r e a c tio n
. r '

m ixture (which now to ta le d  250 c . c .  volum e). She f la s k s  

were connected w ith  r e f lu x  condensors and heated  to  b o i l in g  

on con stan t l e v e l  w ater b a th s . The s l i g h t l y  y e llo w  m ixtures  

deepened in  c o lo r  to  orange and then to  cherry red as b o i l ­

in g  con tin u ed . The tem peratures o f  the b o il in g  m ixtures were 

between 81° and 85° C. a t  f i r s t , dropping about th roe degrees  

when sodium form ate began to  separate* ■'■■■■*

At th e  end o f  th ree  hours' v igorous b o i l in g ,  the re a c -
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t io o  was stopped by removal o f  th e  w ater bath and th e  immediate 

a d d it io n  o f  100 c . c ,  c o ld  d i s t i l l e d  water* On stan d in g  /the  

o i l y  azosybenzcno and unused n itrob en zen e sep arated  t o  some 

e x te n t ,  thev.azoxyb ena8ne c o l l e c t in g  a s  a cake a t th e  bottom  

o f  th e  f la sk *  The co n te n ts  o f  th e  f la s k s  were steam  d i s t i l l ­

ed  ̂keep ing th e ir  volume about 250 c * c * # u n t i l  a l l  th e  m ethyl 

a lc o h o l and unused n itrob en zen e ha4 passed  over . (About 250 

c .c *  o f  impure m ethyl a lc o h o l passed  over f i r s t ,  w ith  w ater, 

n itro b en zen e , e t c . ,  and thearabout 350 c . c .  w ater d i s t i l l a t e  

brought over th e  r e s t  o f  th e  n itro b en zen e). The asoxy-ben­

zene i s  on ly  s l i g h t l y  v o l a t i l e .  A fter  th e  re s id u e s  in  the  

f la s k s  had c o o le d , th e  a lk a lin e  m ix tu res , now orange y e llo w ,  

were e x tr a c te d  w ith  benzene u n t i l  the benzene p o rtio n s  re ­

mained c o lo r le s s  and l e f t  no re s id u e  on ev a p o ra tio n . The 

oenseae e x tr a c ts  were u n ite d , d r ied  w ith  shaking over c a l ­

cium c h lo r id e , and then  p art o f  th e  benzene was recovered  

by d i s t i l l a t i o n ,  th e  r e s t  a llow ed  to  evaporate in  th e  a ir  

from weighed c a s s e r o le s .  The azoxy benzene ob ta ined  was 

p r a c t ic a l ly  pure, m e ltin g  a t 35.5° C.

The a lk a lin e  s o lu t io n  was b o ile d  to  ex p e l the  

reg a in in g  benzene, c o o le d , and made up to  1 l i t e r  in  a  v o l­

um etric f la s k .  From t h i s ,  a l iq u o t  p o r tio n s  were ex tra c te d  

to  t e s t  fo r  form ic a c id  con ten t*  The bromine method, {doe-
'Vk'*  n * .*5  ■»w # 5  r f f v r to  V i  /-* - m ««.  « • .  .«•* XS •"? <w<fc -—i — —i ■ - 1— iKZIXXAKJ z. VOT3UCU ̂  /  V7CWJ J.&Z W*-', ;.C .1-0-0 U.4.

from four runs i . e .  two t y p ic a l  s e t s  o f  s u p l ic a t e s ,  are giben  

below .
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Ban : Asosgr- s&sosy- : n e r  iSo&lnn :Soditaa : per cent 
t Bensen* ibenseneteent .: format© : fo rm te: theory  
: obtained! theory : theory? oh tam ed; theory :
: g* : g. : •« ■ g. * . 0* ♦*

A ' 17 .0 0 19 .8 0 85 .85 8 .7 4 1 0 .2 0 85 .9 0

B 1 7 .2 0 19*80 86 .8 6 8*85 1 0 .2 0 . m s #

A 1 7 .3 0 19 .8 0 87 .36 8*80 10 .2 0 86*30

3 . 1 7 .3 0 19*60 86.86 8*84 10 .20 8 6 .6 8

pyoga a consiofirat1on o f these ree tilts. JQinger’s

©laatlon la  correct* SJIiat no carbon  clios3.de W t s f o r m d  In th© 

reaction  was prorod as fo l lo w :  10 o*e* portions wore extract­

ed from the res 13ns o f  the s i  to lin e  mixture l o f t  a fte r  s te sa  

d is t i l la t io n  o f  a reaction  n ix  •.•are* *?v© to ta l  TOlncie remain-

5 ;nc7 otso neasnred  - la te r  and th a t  o f  th e  s s sp lo s  ostrA cted  

added to t h i s ,  T h e ' to ta l  vdlima was 257*3 c .c*  rhe three • 

samples were placed in  SChroevfor jil'm liacterg  aad the a su s l
S

earh ea  d iox ide t e s t s  made* adding 1 0  c .c *  d i l a te  hydroch lo ric  

a c id , h e a tin g  In 'b o ilin g  w ater fo r f i r e  miniates. c o o l log , pass­

ing  dry  a i r  throiagh,and w eighing. She result©  obtained  were:

A h e ig h t o f  a lh a l in o to r ,  a d d s  and ean.pl©
b efo re  a n a ly s is  2 8 . 5 7 9 6  gas*
a©ignt a f te r  an a lysis  *»»**•••«■•*•«.**« 28.5731 gsts?*

Loss {CO# ? ) . . . * •  *o6o| gas*

B Weight o f  a lk s l i a e t e r  b e fo re  an a ly sis* *  2 9 * 3 5 3 4  geos,
h e ig h t o f  a lk a l in e te r  a f t e r  a n a ly s is* .*  2 9 * 3 5 1 5  f^ns.

Ion© {GO3 ? } * • * . .  *0009 gas*

0 Weight, o f  a lhaliiaeter Hie'fore a n a ly sis* . 31*7661 g®e*
. he igh t o f a lk a l l s e t e r  a f t e r  ana lysis***  3 1 * 7 6 5 0  snsas*

I»oss (00s 7) *»»» » *0011. gme*

These ©spcrl&e&ts proye th a t  th e  m eant o f sodium 

formate ob ta ined  in  th e  rodvotdon is  in  .d ire c t p ro p o rtio n
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e t o ic h io n e t r lo a l ly  to  th e  ssoxybonssn© formed, and i s  thus a 
measure o f  th e  extent o f  th e  r e a c tio n *  Aceor&ln&ly, in  most 

o f  th e  succeeding* work, th e  amount o f  oodima format© was de­

term ined as a measure o f  th e  red u ction *

In some o f  th e  r e a c t io n s  to  he d escrib ed  l a t e r  th e  

y ie ld s  o f  asosyhonssne were ao a n u l l  th a t  t h e ir  com plete r e ­

covery  frois th e  r e a c tio n  n ix  taro  .Was not f e a s ib le *  Sine©  

th e  (in a n tity  of form ate, la r g e  o r  s n a i l ,  cou ld  y$raffy i>® de­

term ined a ccu ra te ly #  and s in c e  i t s  fxtm ntity tnas proven to  be 

s  t  oi ch i one t  r  i  c a l l y  eq u iv a len t to th e  amount o f  aaosybensene  

formed, th e  ex ten t o f  the redu cing  a c t io n  of the. a lk a l i  saeth- 

y la t e s  .was measured in  tcztss O f  tsiC format© y ie ld s  ra th er  than  

by recovery  o f  the ascxybensene*

«. oi'UAfi w  i:a.r» iirrwi Ui1 -.vf&i’&x i;B Ttu&-
o f  t m  M tsm 'sxm *

£ - a . * . . .  T *■ LI 
« . ;© % »  r»  X\JZ1  X m \ JQ}

ih e effect*  o f  sm a ll amounts o f  u&ter. on the y ie ld  

o f  asosyfosnsene p resen ts an in t e r e s t in g  problem* Isehmsn  

s ta te d  th a t w ater in  sm all /quant-ities In th e  a lc o h o l had no 

e f f e c t  on th e y ie ld  o f  asosyb en sen o , but he was working w ith  

very  con cen trated  s o lu t io n s  o f  a l k a l i .  I f  sodium m cthylata  

i s  u sed  as reducing agent wo should  ex p ec t water, to  have a 

d ecid ed  on th e  y ie ld  under the c o n d itio n s  o f  th e  pre­

s e n t  study* To determ ine th e  ex ten t o f  th e ln£lmr:vam  o f  

w ater on the red u ctio n , vary in g  amounts o f  isater were added 

to  th e sodium methyXate .before th e  a d d it io n  o f  the n itro h en sen e , 

fh e  amounts used  v a r ied  from 1 /8  mole to  3 a o l s ,  and. thus from
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th e  amount o f w ater formed in  the  reaction*. 44 -n ■ 4-sfe---th e ■..t&Q-o-

4 0 **  + 3 SaOCS* — 2 0 ~/V̂  0  + 3 HoQ + 3 llaOCEO.
'  - - -  ~ ,*K wA\<4* t U  ~

r& tic a l amount o f w ater would he 2 * 7  gm* from 2 4 * 6  gnu n i t r o ­

benzene} to  3  m ols.

I t  was found by experim ent th a t th e  m xtrapa amount o f
'v*ix4'.ztv‘ <s a !  m M  <ra 1 n  »  ‘fc r t t is ' l  w a I  _ S R O  /> _ /'* , *»1 e n  a

V  4 m» v  MM W t w 4 k V  fe»4U » W  W  V V < ^  V * > /•* . v  «*» 4 n K /  W  ^  V  «M*

13s  thy  X olGeh.oX.lG so lu tio n  o f  1 ? * 3  ^aa« SOuItlii* Sxid 2 0  • 4 4  G *G • 

n itro b en sen e , was approxim ately equ iv a len t to  5 4  e . e .  o r  th re e  

so le*  Shat Is* th e  sodium m s  d isso lved  in  about 1 5 0  c . c .  meth­

y l  alcohol* 2 0 . 4 4  c . c .  n itrobenzene added* and then  5 4  e . c .  o f  

ea te r*  w ith enough isssihyi a lco h o l to  make a  t o t a l  o f  2 5 0  c .c .»  

war© added* fhe  so lu tio n  m s  not e n t i r e ly  c le a r  a t  room temp-
o»litft4:«'j|*A > v n f  A rt woiWrt'5 w iv  a -o nttao MAmr>1 "‘'? « + a v
V - w U i S *  v V «  V  V * * *  W A r f t j u M  1̂ 11^  9  « ;  V « * > A V 4 X ^ i  • 1 ; v i u  w u u y ^ v  V V #  I .T W *  w *

tends fco in te r f e r e  w ith  th e  s o lu tio n  o.f th e  asoxybenscne.

In  the fo llow ing experiments* amounts o f  w ater vary­

ing  from one—eig h th  to  th re e  m olecules were used* as fo llow s:

Exp. {1 } 0 . 1 2 5  mols; Sxp. { 2 ) 0 . 2 5  a o ls ;  Exp. (3 ) 0 . 5  S0 lB |

Ssp* (4 ) 1 . 0  molS'i Exp. {5 } 1 . 5  raols; Sxp* {6 ) 2 . 0  a o la ;  Exp.

{7 } 2 . 5  s o ls ;  and Sxp. (8 ) 3 * 0  a o ls .

In  each case* the sodium was f i r s t  d isso lv ed  In  th e  

m ethyl a lco h o l, then  the re q u ired  amount o f  w ater added, i z h *  m i x t u r e  

w ell shaken and cooled to  room tem perature* then th e  n itro b e n ­

zene was added, th e  whole ancle , up to  a to t a l  o f  2 5 0  c .c*  w ith 

methyl a lcoho l and the rem ainder o f the trea tm en t was accord­

ing  to  the  general scheme.

■Ifa© v ig o r  o f  the re a c tio n  decreased g r e a t ly  as th e
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amount o f  w ater added Increased* When th e  experim ent w ith  

th r ee  mole o f  w ater was performed*, th e  amount o f  sodium  form­

at© formed m s  l e s s  than  SO p er c e n t  o f  th e  theory*

A l l  th e  form ate d eterm in ations fo r  th e  experim ents  

w ith  vaster and w ith  p y r id in e  ( t o  he d escr ib ed  . la t e r )  w ere 

made by th e  m od ified  Potassium  Permanganate Method d escr ib ed  

in  th e  "Procedure” * 2he r e s u l t s  a re  g iv e n  i n  th e  fo llo w in g  

ta b le*
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oohcxttsiqb*

J?rem th e se  r e s u l t s  I t  I s  ev id en t ih&t neater has a  

g rea t e f f e c t  on th e  red u et I on o f  the n ltrob en son e  and th a t  

th e  p resen ce o f  s n a i l  amounts o f  wafcor In  th e  m ethyl a lc o ­

h o l  has a s e r io u s  in h ib it in g  a ffe o -f  *

!3ie e a r l ie r  Im ro stlg a to rs  m o  used  potassium  and 

sodium hydroxides in  m ethyl or  e th y l  a lc o h o ls  wore in t r o -  

dueing w ater by th e  r e a c tio n s

m m  * — ^Bsooa® * 3*0 .

Ph«y a ls o  h e ld  the b e l i e f  th a t  sm a ll amounts o f  w ater had  

no e f f e c t  on th e  r ea c tio n *  On th e  co n tra ry . I f  th e  w ater  

formed In  th e  r ea c t io n ,

H C T *  -'• z  SaOGSrs^ Q r*^ ’0  + 3 S&OOHC + 2  H»G

srere removed, th e  r e a c tio n  would probably be mors com plete*

She amount o f  water formed a t  th e  com p letion  o f  th e  r e a c tio n  

i s  approxim ately  eou a l to  th e  X /8 m olecu le  added in  th e  exper­

im ent* {1 /8  mol « 2*26 .$3*, t h e o r e t ic a l  amount o f  vaster «

2*7 gm*)

Graph I  in  xh.loh  th e  per c en t red u ction  was p lo t t e d  

as a b s c is s a e  and the number o f  m olecu les o f  w ater a s ord inate*  

shows tlia t a t  f i r s t  In cr ea s in g  amounts o f  w ater hare a  ^ery
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great deterrent action  on the reduction* trot that from one 

molecule on* the decrease In reduction is  roughly proportion­
a l to tho amount o f miter present* After three raols o f water 
have been added the water present ceases to  have so  great cm 
e ffec t on the reduction* She mixture i s  no longer homogen­
eous* At one molecule o f water, most o f the sodium m thylate , 
has 'been broken dowa to sodium hydroxide and water* Shis j&ct 
is  shown by the decrease in  the mount o f reduction for a giv­
en amount o f water added* Prom th is point to that for three 
molecules o f  water, we have simply the e ffe c t o f sodium hydrox­
ide and aqueous methyl alcohol* no excess methyXate le  present*

m  C T 33f  o f  z z m m m  os t e e  e z z m t  o f  t e e
BEmCtlOE* .

Section X* (el*
Pyridine i s  frequently, used as a c a ta ly s t  In  organic 

chem istry to  bring about reaction s which Involve the s e p s is -  

tlo n  o f  hydrochloric or hydrobromic aei&j aa a ca rr ier  In the 

ch lorin ation  and brominatloa o f  aram 'tic hydrocarbonsj and in  

both th e C laisen  reaction  and in  the formation o f  the G-rlgnard 

reagent* I t  Is  supposed th a t interm ediate compounds are fo m -  

ed with the pyridine in  some or a l l  o f  these rea c tio n s , and 

that they then breeds: down, forming the U na! product and $>y- 

rid ine* The nature o f  th e o f f s e t  o f  pyrid ine, qu in oline, etc** 

in  th ese a sses  Is  not w e ll understood aa yet*

Pyridine forms so lu tio n s  analogous to  aqueous so lu ­

tion s*  This i s  s ig n if ic a n t , s in c e  pyridine itS chem ically  

s im ila r  to water in  severa l respects* For in stan ce , 

there are two unsaturated va len cies on the oxygen atom in  via t e r .
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which lead to the formation. o f  oxonium compotincs# and two fire© 

v a len c ies  on the n itrogen stem in  pyridine# quinoline#. e tc .#  

due to  tho saturation  o f  which substances analogous to the 

amacmiuia compounds are fom ed; .___

O - - - -
k ' '  '  *

t a n . , .  4 - U n n n*s\*x yi .*«•<*** § i v  €5ttA’Vr\AO*V» ulr u v  o

the e f fe c t  o f  pyridine in  sm all ©mount© on the y ie ld  o f  asoay-

beusene in  these standard experiments* Amounts o f  pyridine .©qtiiv-
‘jjprnot

a len t to 1 /8  s o l , ^1/2 mol# and 1 raole were used* so  that these  

■•reS’sltS Could be coraparCtl di rco tly  With, the CxxesstS ox etuiiV»— 

le n t  amounts o f water on the resetion*
TV*** rtl*0Ao/'SmV'a>, w»« ft'ija nmT»1 nr\A Tnv
- *  w  W  W W  w f » * -» « < « *  •* » .• .* < *  V A V K * *  'rf’ -k * * * - ^  W » N *  V v - ' n ^ / V *  , l » ' . 4 i V / A J  V M  |

th e sodium was d isso lved  in the minimum amount o f  methyl a lco ­

h ol , th©'desired amount o f  pyridine was added from a pipette#

the mixture v?as sliuksn and c-oc-Xsd and then 20*4:4: ©«o« c f  «?tro— 

bensene added# the  ciixtnsre made up to  8 5 0  ©*e* ???.ih m ethyl a lco ­

hol# and b o iled  v ig o ro u sly  fo r  th re e  hours* On steam  d i s t i l l a ­

t io n  o f  the re a c tio n  n iu tu re#  th e  p y rid ine  d i s t i l l e d  over w ith 

th e  a lco h o l ami usused n itrobenzene* The r e s t  o f  the  a n a ly s is  

was the  same as th a t  in  p rev ious experiment©.

In these experiments, thus format© began to  separate  

from the so lu tio n  e a r lie r  than in  the experiments with 'water, 

and.in  the cases where 1 /2  mol© o f  pyrid ine, and 1 n c l o f  py­

rid in e  wore used# the separation  began w ith in  the f i r s t  f if t e e n  

v? rmt./sn̂  The se lu tio n s  darkened as soon as the pyridine was
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added* and in  the end were darker red than in  the previous ex­

periments*

Mere than on© mol o f x^yridine could not be used because, 

at the standard volume se lec ted  in  a l l  these ©vperi onto* 250 

c*o* it, was not p o ssib le  to d isso lv e , the sodium, the nitrobenzene, 

and the pyridine to form a homogeneous mixture, s in ce  one mol 

o f  pyridine occupies ?9.8? c«c«,  the nitrobenzene occupies 20,44 

c*e*, and the sodium i s  not so lu b le  in  much le s s  than 150 c*o*, 

even with sev era l hours heating on a water bath, with a reflu x  

condenser.

The reaction  was found to  be more pronounced as. the  

amount o f  pyriuine was Ixiore&seu, but th is  © fleet slackened  

a fte r  h a lf  a molecule and,there was l i t t l e  further increase in  

reduction {as explained la t e r ) ,  for increase o f  amount o f  pyri­

dine* A fter one m olecule the mixture i s  no longer homogeneous *

I t  Is in ferred  that the reduction goes farther than  

the aso^f stage when pyridine is  p resent, s in ce  more than the 

equivalent o f  100 per cent o f sodium formate ca lcu la ted  on the  

b a sis  o f  as.osybencsrse was found in  the case o f  l / Z  and X ?aole- 

eulea o f  pyridine* f i l ls  would n atu ra lly  be assumed to be due 

to  the formation o f asobensene but no  asobeng©se, has as yet 

been separated from the mass o f  asosybensen© formed* 1’h ls  work 

i s  being continued, and the presence and amount o f . asobensens 

in  the mixture w il l  be deteiainSu by comparison o f the m elting

p o in ts  ob tained  w ith those o f  known m ix tures o f  a z o  a n d  aso sy -
r / f *

bens one* She f i r s t  to  advocate th is  method vms Snowdon, but 

he fa ile d  to publish the m elting points o f  h is  standard mixtures,
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COITCIESIGB,

Sm all amounts o f  p y r id in e  in  th e  r e a c t io n  m ixture In­

crea sed  th e  e x te n t o f  the r  d n ction  ?©ry g r e a tly *  Amounts o f  

p y rid in e  ©rseoe&ing 1 /2  mol* however, canse a  r e la t iv e ly  sm a ll­

er  in cr ea se  in  th e  e x te n t  o f  th e  r e a c t io n , sad  Graph I I  in d i­

c a te s  th a t a f t e r  1 s o l  o f  p y r id in e , fu r th er  a d d it io n  o f  p y r i­

d ine has l i t t l e  o r  no e f f e c t  on the r e d u c tio n , A e  

o f  th e  e f f e c t s  o f  w ater and o f  p y r id in e  on th e  red u ctio n  o f  

nitrobensen®  i s  g iven  in  Graph I I I ,  Under c e r t a in  co n d itio n s  

p yrid in e  la  reduced (as by n ascen t hydrogen from sodium and 

a lc o h o l, e t c * ) ,  t o pip&tfM'iftZj but there I s  no f r e e  sodium in  

the r e a c t io n  m ix tu re , so th ere  con be no n ascen t hydrogen,

Uhe cause o f  the in crea sed  red u ction  i s  s t i l l  an open q u e s tio n .
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m S  KBDOOIHG AC?101! OP SOSITM MIS2HTL&2B OH

;iZQSZBMzms m m s  sebsehce of p m sras*

In  order to  determ ine whether or  n o t a so sy -  

benzene i s  reduced by sodium  me thy la t e  in  th e  presence o f  

p y r id in e , an experim ent was c a r r ie d  on in  which pare a so x y -  

bensone, in s te a d  o f  n itro b en zen e , was h ea ted  w ith  sodium  

■ m othylate and pyrid ine* 20 gm» o f  asorybensens (Sshlbaum) 

was d is s o lv e d  in  a  a ln lB n a amount o f  m ethyl a lc o h o l,  and 

added t o  th e  m ixture o f  1 7 .3  gsu so&lnm d is so lv e d  in  

m ethyl a lc o h o l,  w ith  1 /2  a o l  (40 c . c . )  o f  p yrid in e*  fhe  

t o t a l  volume woo mads 250 o»g« a f t e r  b o i l in g  fo r  th ree  

h ours, during t& leh th e  y e llo w  c o lo r  o f  th e  m ixture deep­

ened to  oran ge. but no sodium fo r m te  se p a r a te d , th e  pro­

duct was. steam  d i s t i l l e d  u n t i l  a l l  o f  the p y rid in e  and 

m ethyl a lc o h o l were removed* The re s id u e  was ex tr a c te d  

w ith  benzene to  remove th e  aseagrfeensene* b o ile d  t o  rosiov© 

th e  rem aining beusene. and d i lu te d  to  on© l i t e r *  This 

s o lu t io n  bad a  p a le  straw  c o lo r ,  showing th a t a  s n a i l  

amount o f  th e  y e llo w  compound had been produced* Format© 

determ inations gave the fo llo w in g  r e s u l t s :
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C O H C E C S IO S *

From these results it is evident that ssosy*- 

benssne la reduced by ao&Itia nathyXate in the presence 

of pyridine* to a sm ll bat constant extent* It ie 

very probable that this estent is greater when the asoxy- 

bsssese la fteahly prepared, (in the nascent state}, than 

when pure asesybensene is used as a starting s-vkstah^ 

as it was in tails experiment• Senoe In the usual stand­

ardised experiments previously described# the greater 

reduction eaa be readily explained*

She yellow coBmoimd zsay also be considered a 

product of the nascent asexybsnsene, rather than ex 

asosybensene in  Its usual Inactive state, for Tory l it t ls  

of the yellow eosapo In this bl

neat*
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S ince i t  had been pr o vod th a t a z oxyb enaene i s  

reduced b y so d iu m  ffiethyl&te in  th e  p resence o f  p y r id io c ,  

i t  may be assumed^ th a t th e p r o d u c t  o f  t h is  rediictipn.: i s  

:  ̂ azobenzene. I t  remaids to  d e te r m in e th e  amount o f aao-

■ benzene formed,when I /S ,  1 /4 ,  1 /2  and 1 mol o f  p yrid ip e  

i s  present In the! re a o tio n  m ixture. She benzene e x tr a c ts  

from th e  a lk a lin e :  re s id u e s  o f  steam d i s t i l l a t i o n  were : 

used fo r  th e s e  deteria iP atidns ( s e e  page 3 7 ) .

/ Azobenzone and azoxybenzene are m iso ib le  in  

a l l  p ro p o r tio n s , and no e f f i c i e n t  method was found fo r  

t h e ir  separationV  s in c e  th ey  are so lu b le  to  about the  

same ex ten t in most organ ic s o lv e n t s , • and th e ir  b o i l in g

p o in ts , though very d i s t in c t v  are too h igh  to  be u a e fu i
■ . ' v ^ i '  :i V 5 5 ;r  :

in  a a e pa rat ion* from th e se  c o n s id e r a t io n s , Snowden

: was led  to  sa g g e st  the u se  o f  th e  m eltin g  p o in ts  ,o f  

known m ixtures o f th e  two compouonts as & moans fo r -d e ­

term ining the msounts o f  each substanob in  a m ixture o f  

th e se  two su b stan ces . Snowden did not - include, the  

m eltin g  p o in ts  o f  variou s m ixtures o f  ■ azo - and o f  

azoxybenzene in  h ia  paper, so th e se  data had to  bo 

determined in connection  w ith  t h is  study o f the e f ­

f e c t  o f p y r id in e  on red u ctio n . The m eltin g  pointa / 

o f fcnown m ixtures o f  pure (J&ahlbaura) azobenzene and 

azoxybenzene are g iven  in  the fo llo w in g  ta b le ,  fhe  

d e s ir ed  amount o f  each su bstan ce was c a r e fu l ly  w eighed,
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tho two aubstaaoee m elted to g eth er  in  a c a s s e r o le ,  

cooled  on i c e , ground in t  im a te ly , end the m elt ta g  po irita 

determined w ith the u su a l a p p a r a tu E ,u s in g  a water bath  

and s p e c ia l ly  prepared thermometer^, c a lib r a te d  to  

tw o -ten th s o f a d e g r e e . .

MSLTIlfO POINTS OP MIXIPUBBS' OP A30- AHO A3QXYBM2ME.

a z o o e n z e n e . /basoxyoe ozone F

1 0 0  -v 3 5 , 4

10 90 2 9 . 2

2 0  \ 8 0  / ' - v . 2 5 . 5

3 0 . ' 7 0 2 7 . 5

4 0  V' _ : : 60" ■■ V, ’: ■; 3 5 . 5

• 50 • 0,\j ; ■ 4 2 . 0

so ■■ 4 0 . 4 8 . 0

7 0 so V : 5 5 . 0

8 0  ■ ' ■ ■ 20 5 9 . 0

90 : 10 6 2 . 5

1 0 0 o \  - 6 6 . 2
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Tii.d m o ltin e  p o in ts  o f t  ha m ixture s o f a a o -  and 

aaoxybenzene obtained whan 1 /8 ,  1 /4 ,  1 /2  and 1 mols o f  

p y r id in e , r e s p e c t iv e ly ,  were u se d , were. determ ined, and; 

from th a se ,; th e  per cen t o f  azobenzene in  th e  m ixture i 

could bo found by re feren ce  to  the p reced in g  ta b le  and 

graph. In the area in  which double Tallies o ccu r , the  

'imeltl.ng;;'pOIat^/after th e  a d d it io n  o f  a em ail amount o f  

e i th e r  componont W ill lo c a te  th e  deaired  p b in t on the  

puryei When th e  com position  o f  the m ixture is  known, f

th e  ex ten t o f  th e  reduction  may be determined by add­

in g  th e  amount o f  sodium form eq u iy n len i t o . t h o .azoxyr 

benzeno to  th a t eq u iv a le  nt to  the azoben zo n e , thue ob­

ta in  in g  the 'to ta l  amount o f  form ate formed - during the  

react io n . These '-values • are.::shown in  th e  fo llc K ia g  ta b ic  ,/i 

a lon g  w ith  the t o t a l  amounts;; o f  form ate found, by t  he _ 

u s u a lfo r K a te  a n a ly s is  o f  the' a lk a lin e  resid u os o f ' : 

steBBi d i e t l i l b t i o n .
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Mols
pyrid ine

T o ta l w t. $ aaobenaeneaHobGnaeneaaoxybenaene 
gras. Irbim gtaph gras.: gma.

1 /8 15 .70 3 0 .47 1 5 .2 3

i / 4 17 .0 5 5, . 0 .8 5 1 6 .2 0  ;

1 /S 2 0 .0 0 6 .5  1 .3 0 1 8 .7 0

1 20. 90 7 .0  1 .4 6

Mole ■ 
pyrid ine

gras.
HaQCHO

azo-
benzene

gras.
NaOCHO:

asoxy-
benzeno

t o t a l  f o r -  
.. raate 

a s o - .& azoxy- 
benzene

teta lvfor-" '.: 
mate obtained 
in an a ly s i s  
■V ; {p . 37 j

i / a 0 .3 5 7 .8 4 8 .194 8 .2 6

0 . 64 : 8 .2 5 ■ ■ 3 .9 9 3 .13

1 /2 0.97 9. 63 10 .60 11.27

• x * • ■ 1 .0 3 10.01 l i . i o 11.74
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r'' ̂  i  ■ -  ĉo« c£to •'{/ y- - . y  ;//'':-■>• .:’y y £ ;y.y;

From the preoedittg tabla, i t  w ill  be observed 
tiiat^a^olbs^^TQXaiidQ exists between the to ta l formate 
valnee obtained froomelting: po int data and thovalues , 
from formate doterminations, Uhia subatantiates th© 
'ldeB;;that: ■ e a b iie h te ^

r s d h e e s ^ h i t ' r e ^ s f h e - ^ r e s e a o s ' " o f  . p j-rifiins , ’ though  

oo se p a r a tio n  an <3 weighing1 o f  the aaobeasene formed ie  

p o s s ib le .  F u rth er , the h igh  formate .y ie ld s, recorded  

oo page 3? are thus accounted: fo r . •' I t  has bean shown•>■;■ 

t b s t - p - r id  iuS ha» :a"very. deeldeu  .o f f s e t  in  proffiotlrig, •■'■ 

redrtction beyond th e  asoxy^sNtege. to.■•■the. a a p fs ta g e , and 

a ls o  arj e f f e c t  ten d in g  to  in c r e a s e .th e  y ie ld  o f  a so x y -  

benzene, '. •.-.... ;•: y  ' .'"yy /-.y yy.'.: .yyy. y>y-
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S ection  (2)*

Th© reduction  o f  th e  th roe  nitroteluenos and th e  th re e  

' n itro ch lo rb en so n ss  by sodinn methylst© in  methyl a lco h o l sol-* 

u tio n  was s tu d ied  under the s tan d ard  cond itio n s e s ta b lish e d  

in  th i s  s e r ie s  o f  experiraonts«

O-HJtHOTOWHSIS*

Scdiusa (1?»3 gsu) was d isso lv ed  in  about 150 s* c s sot-h- 

.yl alcohol* and th e  m ixture raade up to  ?5O0 0 *0 * 5  S3«46 c«c« 

o r 2? *4 gm# o f  o -n itro to lu e n e  were made up to  50 c .c*  l a  a 

■trolm etric flask*  w ith  methyl a lco h o l, and the two so lu tio n s

- U 1 A 1  t - X f  1 1 G U  A l l  t # £ 5 * 7  A t 7 ^ U A » O A v a  S.«£27 V  l i t ? * !  X V i

hours* The s o lu tio n  was p a le  yellow  a t  S .re t bu t changed 

to orange* to. rod and then rap id ly  blackened as the t®apera*» 

tu rn  o f  th e  eaixture rose  to  the  b o ilin g  point* 35® -  35® C*

The m ixture regained  th in  and m o b i l e  ,  no formate sep a ra ted  

during: th© fcoilin©* and th e  tem perature o f  b o il in g  dropped 

to  -33* C* toward the  sad . D is t i l le d  w afer was added (100 

€»•©•) to  s to p  the  re a c tio n , and th e  m ixtures were steam  d is ­

t i l l e d *  Much unused a -n itro to lu e n e  passed ovar w ith  the 

methyl a lcoho l and w ith the  w atery d i s t i l l a t e *  She a lco h o l 

p o rtio n s  were r e s t e a a j i i s i i l l e d  to  remove the alcohol* then  

d ilu te d  and eg0 acws&6 & w ith le s s e n s ,  She w ater d i s t i l l a t e s  

were a lso  e x tra c te d  w ith ' b e n z e n e 9 the  borssene e x tra c t  d r ie d j  

tk e  bensone p a r t ly  removed by d i s t i l l a t i o n ,  and f in a l ly  evap­

o ra ted  in  the a i r .  The amounts o f  o -n itro to lu en e  recovered 

were a :4 8 .4 3  p er cent (13.27 gm.) B :50.32 per cent (13.79 gm .)
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The residues fro© the steasss d i s t i l la t io n  were black and 

tarry, eh owing' that s id e  reactions, had taken, place* 2k@y were 

placed i n  2  l i t e r  beakers, and the o i l  did not s e t t l e  out*

Frca A about 10 e*c* wore roaorod to  to s t  for various proper­

t ie s*  On a c id if ic a t io n  o f  a portion a copious brom  p roeip i-
•5

ta te  separated* I'hls was not the toluidSne K linger and Pitsehke  
+uvf A

(B 18 2551) for 4-$- would hare been so lub le in  the aoId* repreelp -
; afte*- ,

it& ting "hen a lk a li  should bo added* Instead , -ear filtering© "'
i t  tkfth

th e  brown p r e c ip ita te *  th e  s o lu t io n  was mads a lk a l in e -  and b e-
A

came a lig h te r  yellow  thftn when a c id , and remained- c le a r *

The two residues were then a c id if ie d  and f i l t e r e d  on 

Buchner fu m e ls , the p rec ip ita te s  thoroughly washed with d is ­

t i l l e d  water* She f i l t r a t e  was yellow , and the co lorin g  Bat­

te r  was not so lub le in  the organic solvents^ l ig r o ln , bensene, 

earbontetraealo2*Ide, and ether* the extracts were co lo r le ss  

Qnd Icffc. n& rss3.d.us on evspGratlOii*

la s  acid  f i l t r a t e s  grew cloudy os standing* More acid  

did not d isso lve  the substance, but on rendering thorn a lk a lin e , 

the cloudiness disappeared* Coconut charcoal, f in e ly  powdered, 

was added and the alarture b o iled  and filtered *  But l i t t l e  o f  

the coloring n atter  was rsnoved* She f i l t r a t e s  were made up 

to  2  l i t e r s  and 2  ICO cue* portions removed to te s t  for form­

a t e* A fter d ilu t io n , a c id if ic a t io n  and b o ilin g  to renove car-
1o h i m os

bp 15 rlioTjIda  ̂ ti'ie silstures were made neutral Jsy sodl* 7
id e ,  and then  bromine w ater added* Im m ediately a l i g h t  brown 

p r e c ip ita te  formed, which darkened on stand in g*  Thus th e
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- 5 3

form ate co u ld  a c t  be determ ined in- t h i s  way. Bartxaction w ith  

bonson© o f  th e  etistur© b efo re  th e  form ate deteasaination  was 

o f  no h e lp , fo r  n o th in g  m s  ex tra c ted *  th e  aam© l ig h t  p rec ip ­

i t a t e  m s  formed* Sorae bromide in s o lu b le  in  ord inary organ ic  

s o lv e n ts  m s  probably formed*

Hie brown. p r e c ip ita t e s  ob ta in ed  a f t e r  steam  d i e t i l l a t i o n  

and -a c id if ic a t io n  o f  th e  a l f e l i n e  res id u e  wera in  very  .assail 

amounts « 3 to  5 g a a . and no pure compound m s  is o la t e d  on 

r e s r y s t s l i s a t io n  f r e e  a lc o h o l ,  ' la r g e r  p o rtio n s were needed  

fo r  t h is  in v e s t ig a t io n *

The Bo&i'm was d is s o lv e d  a s  b e fo r e  in  about 160 ©*©• 

m ethyl a lc o h o l and mad© tip to  200  cue* volume* 23*46 e . e .  

(2?*4 g s * } a -n itr o to lu e n e  were added and th e t o t a l  v o ln ae

iOi’ UiiUSpiS*

aade up to  260 s*e*  She orasgf© red f ix t u r e s  were ih en  b o i l ­

ed fo r  th ree  hours* tu rn in g  deep red* fh e  tempera to res  rose  

to  35* 0 # as b o i l in g  p o in t fo r  th e  m ixture* When sodium fo r ­

mat-© began to  s e p a r a te , th e  f e l l  to  81° 0 * ?/&ter

was added so  u su a l a t  th e  end o f  th r ee  hours* .b o ilin g *  to  

s to p  the r e a c t io n  and th e  m ixtures were s t e a m -d ie t i l le d  u n t i l

over 500 c*e« had passed over*

le a l  • scent jform t©  : le a l  
$ ie ld  g .t  theory: found g*: y ie ld

.€ OIJ
Asoxy eo m -sfh eo ret-s  p er  iSodium :T heoret-s
pound ;iea.X scent jform t©  : le a l  :

.Per cen t

A 17.30 22*60 76*54 7.89 10.20 77.32
3 17.60 22*60 77.87 7 .06 10.20 77*02
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The ssaaytoluen©  was recovered  £xom bensen© e x tr a c ts  

o f  th e  s i  leal in® alxtaaro rem aining a f t e r  steam  d is t i l la t io n *  

T hey formed y e llo w  n ood les m e lt in g  a t  -3?* 0 * .

B*

To th e  sodium a s th y la t©  m ethyl a lc o h o l e o la t io n  in  about 

150 <s*c« volum e, was added 27*41 gm* o f  p » n itro to lu sn e  d i s s o l ­

ved in' "methyl , a lco h o l#  fh c  volume was -m&4& ip  to  250 c * c ,  

and th e  m ixture waa b o i le d  fox th ree'h ou rs*  The m ixture ba~ 

gan to  darken*, even, b e fo r e  h eatin g*  f i r s t  'becoming b r i l l i a n t  

red* then very  dark red* th en  w ine co lor*  th ic k e n in g  r a p id ly  

and g iv in g  o f f  heat*  On h ea tin g*  the c o lo r  became brownish* 

th en  more y e llo w ish *  w ith  a v ery  dark 'brown su sp easion *  and 

th®. tflsjperatuxe' r o se  t o  76° 5* as b o i l in g  tem perature* A fte r  

th e  th ree  h ours’ b o ilin g *  w ater was added and th e  whole mix­

tu r e s  staaa-.w is-ti'ilcd.* The a lc o h o l  was e a s i ly  se p a r a te d *  

b u t i t  wes d i f f i c u l t  to  g o t  more d i s t i l l a t e  to pass over nhea 

th e  e lc e h c l  w as'geac*

A b r ic k  red  p r e c ip ita t e  s e t t l e d  over n igh t*  A fter  a c id ­

i f y in g  w ith d i lu t e  su lp h u r ic  a c id  the m ixture was f i l t e r e d *  

and the product d r ied  on a Buchner f i l t e r ,  then to  co n sta n t  

w eigh t a t  100* O* xhe rad su b sta n ce  decomposed w ithout m elt­

in g  when heated  on a p latinum  sue tu la*  This su bstan ce was
31'

d escr ib ed  by K linger-and  o th e r  in v e s t ig a to r s  (See th e  H is to r ­

i c a l  S ec tio n )*  and i s  considered , to  be in  worn© vmv r e la te d  *o 
3S

■stilbene , The w a i s t s  o b ta in ed  W&Cl A £0*3 gm*, B 21*00 gm* 

The th e o r e t ic a l  y ie ld  fo r  p-asosyfeoluene would be 2 2 ,5  gm*
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Uhe f i l t r a t e  from th e  red amorphous compound was esc- 

tr&eteol w ith b en sen e, but i t s  'ye llow  c o lo r in g  m atter cou ld  

n o t he sep arated  la  -Shat way. th e s o lu t io n ®  war© then made 

up to  2 l i t e r s *  and portion®  te s te d  by th e  bromine method 

fo r  sodium formate content;:

: Sodium : Sodium 5
Bun ' i format© ; format© : i*er cen t theory*

. ;o b ta la ed  t theory  ' t
• & • • 0* I

4 2 .9 3  2.0*80. 2 3 .2 6

B 3*00, ■ 1 0 .2 0  29 .41

fh e se  res -il t s  are not l a  accord w ith  th o se  ob ta in ed  with  

n itrobon sene snd w ith  is-»s2i t m t e l n s n s ,  and th is - b eh av ior w i l l  

b e d iscu ssed  1s t  or* in  the co n c lu s io n .
c a r  * r  . - n r - . r i J X  t t s m  rr*  r « « si  z*2iw0.euî i -.usx*#

fh© experisaents on o~ra» and p -n itr o to lu e n e s  showed th a t  

on ly  la  th e ca se  o f  th e  m-oompound were th e  a so sy  'Compounds 

formed to  any ex ten t*  I t  wae con sid ered  o f  I n te r e s t  to  d eter­

mine th e b ehavior'-of o -c h lo m itr o b e n se n e , m -oh lora ltrobensene  

and p-chlorrdtrobeason©  on red a c tio n  w ith sodium- m ethylste*  

under th e  co n d itio n s  used  In the previous © sperim ents*

The sodium ims d is s o lv e d  in  m ethyl a lco h o l*  as u su a l,  

and to  t h is  31*5 g* -o-n itrechlorbensezie was added* • d is so lv e d  

in  a l i t t l e  m ethyl -a lcohol, th e  t o t a l  volume b e in g  made up 

to  250 c . c .  Sfheii th e  nitro-com pousd was f i r s t  added to the  

sodium m eth y ls te , th ere  was a gradual dtsrlrening to  'brownish
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co lor*  but a s  the su bstan ce was h ea ted , th e  c o lo r  changed  

t o  orange red , and on b o il in g  to  dark p u rp le , w ith  a r e d  -  

<{ish orange foam and s o l id  sep a ra tin g  a lon g  w ith  c o lo r le s s  

sodium formate* . The tem perature rose  to  79° C«, then  drop- . 

pad s lo w ly  to  ?4C -  ?S** C* vfhen th e  m ixture had b o ile d  

th ree  h oars, w ater m s  s  fied and th e  m ixture a llow ed  to  

co o l*  A jaasa_ o f  y e llo w  .e r jts t a le  W3S found a t the bottom  

o f  th e  f la sk ,' a f t e r  sta n d in g  over n igh t*

S te a m 'd is t i l la t io n  m s c a r r ie d  on u n t i l  about 800 c ,c*  

w ater d i s t i l l a t e  had passed ever in  a d d itio n  to  the a lc o ­

h o lic  d i s t i l l a t e ,  because a sm all amount o f  yellow  e l l  , 

supposed to bo o~nI ?< roan is  o l  m s  pass lug  over, iJhls sub­

s tan ce  froze a t  0° G* in  a s  Ice m ix tu re , and m elted a t  3 ,5° 

C* The m elting  p o in t fo r  c -n i t ro a n ls o l  i s  given as 9*0® G*, 

th e re fo r , th e  I d e n t i ty  e s tab lish ed *  Hot escago o f  th e  

o i l  m© obtained fo r  weighing*

Daring th e  steam  d i s t i l l a t i o n  t-ha yellow  o r y s te l i s s  

substance m s  p a r t i a l l y  decomposed, fo r  a p u rp le  o r  b lack ­

ish  ta r ry  re s  Mu© se p a ra te d , and was p a r t i a l l y  removed by 

f i l t r a t io n *  fhe re s id u e  m s  e x tra c te d , but a  brown ta r r y  

o i l  was recovered which. would not s o l id i f y ,  and which dark­

ened on boating* I t  i s  very so lu b le  in  bensone*

2ho a lk a l in e  s o lu t io n , a f t e r  e x tra c t io n , m o o f  a red ­

d ish  brown c o lo r ,  bu t c lear*  Formate determ inatInns ' were 

made by th e  poroaaganat© method, and w ere  found to  be over • 

10Q per cen t I f  c a lc u la te d  on th e  b a s is  o f  asoxy cotspot m d  

form ation*
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The form ation o f  th e  ta r r y  su b sta n ces probably a cco u n ts  

fo r  the high formate v a lu es  * The v a lu es  a re  rrivea a s fo llo w s;

: Formie a c id  : th e o r e t ic a l  :
Sun : found g« : y i e ld  g* s Per cen t th eo ry ,

A 8 .1 8  6 .9  1 1 8 .5

B 8 .1 9  6 .9  1 18 .?

A 8*17 6 ,9  1 1 8 .4

B 8 .2 1  6 .9  119 .0

These resu lt©  show th a t  I t  i s  im p o ssib le  to  c o r r e la te  

th e  y ie ld s  o f  red u ctio n  pro f e e  vo o f  o -o h lo m itr o b sn se n s  w ith  

th e  q u a n tity  o f  formate- o b ta in ed . This i s  analogous to  p re­

v io u s ly  d escr ib ed  r e s u l t s  ob ta in ed  igfeen e-and. p -n it.ro to lu en e  

were s tu d ie d .

^TAOHIiOB»HXTEOB.l«iS M B .

The sodium .m cthylst-s s o lu t io n  was a sa e  ; . as u su a l,

3 1 .5  gm. & ~ohlom i trobensen© wore added, and the volume 

made up to  250 c . o .  The m ixture m s  h ea ted  to  b o i l in g  fo r  

th ree  h ou rs. The r e a c t io n  m ixture turned y e llo w  and then  

darkened, and th e  b o i l in g  p o in t m s  . 82° 0 .. The b o i l in g  

p o in t  dropped g r a d u a lly -to  79° C* and a  l i g h t  y e llo w  or  

w h ite  c r y s t a l l in e  p r e c ip i ta t e  sep ara ted  and a tta ch ed  I t s e l f  

to  th e  w a lls  o f  th e  f la s -k s . This was not- tb s  u su a l j e l l y -  

l i k e  sodium form ate p r e c ip ita te *  *%t th e  end o f  th e  r e a c t io n ,  

w ater was added, and th e  m ixture su b jec te d  to  steam  d i s t i l l ­

a t io n .
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$he reai&uoe in  th e  f la s k s  on c o o l in g  contained  hard 

y e llo w  s a s s e s  o f  c r y s t a ls  a t  th e  bottom* She I I  paid  p o r tio n s  

were poured o f f  and r e ta in e d , and sm a ll amounts o f  w ater were 

added to  th e  s o l i d  c s s s e s  o f  c r y s t a ls ,  t o  wash them, The 

w ashings were added' t o  th e  a lk a lin e  s o lu t io n  fo r  form ate de­

term ination* 2he m asses o f  c r y s t a ls  were m elted  by b o i l in g  

in  w ater, and on c o o lin g  under th e  tap  and shaking v ig o ro u s­

l y ,  th e y  s o l i d ! i i e d  in  sm a ll p ie c e s  which cou ld  be removed 

from the f la s k  w ith ea se*  Ihe hard y e llo w  m asses were f i l ­

tered  on Buchner fu n n e ls , -sashed^dried, p u lv e r ise d  and 

weighed th orou gh ly  dry* The su b stan ce was r e c r y s t a l l -

i"wd tw its  from, a lc o h o l ,  y ie ld in g  our© ss—uiohloraso^ybessefi© , 

m eltin g  a t. 96* G,

■ * J  r tirn * *  T-V> <*»<"* >»»*»4- *. ». » *
• •  —*• •—■ •*+q0 w  *»  * .*  W  **  ■’**' v  , o , i h r  *  * 7  V # At «  9  •

■Ron : pound : Y ie ld  5c e n t  : : :
: found g* : g* ; theory: ; :

A 25 ,59  26*70 ,9 5 .8 3

B 25.70 26 .70  96*25

The a lk a l in e  so lu tio n  was made up to  1 l i t e r  and SO c* c„ 

p o rtio n s  used in  form ats d e tsm iim * ions by th e  bromine method* 

The r e s u l ts  were over 100 per cen t th eo ry  showing th a t  some 

o th e r  su b stan ce , b e s id e s  th e  fo rm ate , had been ox id ised  -  poss­

ib ly  the  e v e r-p re se n t yellow  compound* This compound could 

no t be removed by e x tra c t io n  w ith organic so lven ts*  The perman­

ganate method had no t y e t  been ap p lied  to  form ate determ ina­

t io n s  in  these  exoerirseats*
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The sodlygs m  toy la  is  so lu tion  mas treated  with 31*5 gja. 

p-ahlcrnitrobenaeno, th® to ta l volume m ds up to  250 o«c.  

{a fter  heating to  d isso lve  th® nitro^ccapound^and co o il 113} 

and th® rhole bo Had three hours. She mixture darkened, the 

temperature rose to 81® 0 * as the b o ilin g  p o in t, than f e l l  

to -  ?8® C* as the form te began to separata. At the and 

o f  th® reaction  the mixture isse a dssp orange'c o lo r :c lea r  

vAt»n h o t5 but- a fte r  adding nstar sad coo ling  the selvM&st s s s  

f a l l  o f  l ig h t  yellow  c r y s ta ls .

fhe mixtures were steam d is tille d *  Tbr&e l i t e r s  o f d is ­
t i l l a t e  had to be co llec ted  before a l l  the v o la tile  m atter 
had passed over. B-chlomitrobenssnc was found to  a small 
extent in  the f i r s t  fractions* O dorless  very fine ncsedl® 
c ry s ta ls  war® also  present, ?S\ieh were filte red *  dried, and 

found to  malt a t  54® 0* fheae were p -a itro an iso l. She see- 
ond and th ird  port Ion contained large amounts o f th is  com­
pound which would c ry s ta l l is e  In th® condensers and had to be 
steamed down occasionally. T he  l i q u i d  th e n  ran into the wat­
ery d i s t i l l a t e  co lled to rs and hardened in p e lle ts  and ribbons. 
This substance vms pure p-n iiroariieo l. melting a t  54® 0 . I t  

mas f i l te re d  cu t, the containers mashed out with bensoae. 
the alcoholic r>ortiQns re-steam d is t i l le d ,  and the residues 
extracted with tseasene. She • extract® ware united  and evap­
orated* Tne y ields mere as follows, the c ry sta ls  melting 
a t  54® G.
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; Giss*of : i'h o o r s t ic a l y i e ld  :
Bun spen'J tr o a n is o l:  fo r  p -n it r o a n is o l  : Fer cent theory*

* 8* • S* :  V

A 20*20 3 0 .6 66 . 0^  "

B 20.00 3 0 .6 65 .36

A 20*20 30*6 6 6 .0 3

B 20*65 3 0 .6 6 7 .4 6  { V
:■ r Y ' - ‘ v

l i m — l M M i M W H W I i  # » ■ « » « *  J -  »  * . * »

. \ She re s id u es  from steam  d i s t i l l a t i o n  mere f i l t e r e d *  ■• a*<s. 

th e  f i l t r a t e s  e x tr a c te d  w ith  bensene* S ea 'll amounts'• o f y e l ­

low  c r y s t a ls  m eltin g  a t  127® C*, o b v io u s ly  s o t  homogeneous, 

were obtained*. Between d and 5 gm# o f  th e se  c r y s t a ls  vrere 

ob ta in ed  in  each ca se*  By fr a c t io n a l r e e iy s t  a l i i  s a t  io n  from 

a lc o h o l o f  th e  u n ite d  y ie ld s  i t  was found th a t o n e ; p&r-t was 

r e la t iv e ly  in s o lu b le  i n  a lc o h o l and p o sse sse d  a  h ig h e r  su iter  

lag- jaulav'.’̂ s n  th e  other* A fte r  .five r o c z y s ta llisa t^ o n h  I n
.’ ;.a "

fr a c t io n s  a  component {th e l e s s  so lu b le )  was i s o la t e d  which  

m elted  a t  .153*5® C* and m s  thus proved to  be •

asozyben& ene, (S*F* 155°0*}# She other* more so lu b lw : hoapbn— 

en t m elted  a t  115® 0* a f t e r  s e v e r a l r e o ry sta llia a tio n h W ev id en tly  

p ta s o s y s n is o l ,  (115® 0}*

. Ih e  f i l t r a t e s  from the a so ry  compounds were in te n s e ly  

yellow *  and an attem pt was made to  rotaove th e  y e llo w  ebss-.''' 

pound* Organic s o lv e n t s  do n o t e x tr a c t  th is  to  ajsy esftcnt*. 

from to t e r  so lu t io n *  She a  p o r tio n  had stood  lo n g er  a fte r '  

steam  d i s t i l l a t i o n ,  than  th e  B p o r t io n , and lo n g  yellow V  ; ,
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n eed le  c r y s t a ls  separated* In  f i l t e r i n g  th e se  r/rlth th e  

a sc sy  compound, p art o f  t h is  f i l t r a t e  was l o s t ,  s o  th a t  

l a t e r  formate and o h lo r id e  t e s t s  were im p o ss ib le »fo r  the  

A p o r t io n , fh o  y e llo w  n eed le s  were Tory s o lu b le  in  w ater  

and s e v e r a l  were saved  in  washing th e  a soxy  resid u a  fo r  t e s t ­

ing* Shey decompose b e fo re  m a ltin g , and when h ea ted  on a

n ic k e l  sp a tu la  tarn  red , and then exp lode w ith a l i t t l e  p u f f ,
probably co n ta in in g  n itr o g e n ,  

b ein g  probably the sodium s a l t  o f  some organ ic &«id#/  Wheat
I ?  f l / i  f r A  dft  D A l t t l ' 4  A M  A - F  H h i  A A A  A  a I a  4 < M

«« . v »  ^  i t*  V j*  •«*. *>^1** V /  . k  -»/«** W  W  W -  -V - V  U  ica> X . *TJ> t ’T C T ’ t f C T ' A  ♦  ’V j t j L S S

in te n s e  c o lo r  fades to  p a le  straw * T h is proves th a t the com­

pound i s  r e la te d  to  th o se  c o lo r e d ■compounds n o tic e d  in  a l l  

preced ing experim ents tm ich were formed during th e  r e d u c tio n ,  

in te n s e ly  c o lo r e d  u s u a lly  y e llo w  in  a lk a l in e  s o lu t io n ,  s l i g h t - ,  

l y  co lo red  in  no id ,  much more s o lu b le  in  w ater th u s i s  organ­

i c  s o lv e n t s ,  a n d .o r id is a b le  by bromine in  n e u tr a l o r  a c id  

s o lu t io n ,

About h a l f  o f  th e  a lk a l in e  s o lu t io n  A was muds J u st s o ld  

w ith  h y d ro ch lo r ic  a c id , and evap orated  dry on 'a  steam  bath*

2he res id u e  w eighed 2 1 ,9  gms* a f t e r  d ryin g  to  co n sta n t 'w eight, 

fh e  c r y s t a ls  (m ostly  sodium c h lo r id e  w ith  some p a le  •pia&, one5) j 

were p laced  in  a  Scab l e t  e x tr a c to r  and ex tra c ted  w ltii beibixeae 

f e r  5 - 6  h o u r s , On c o o lin g  the l iq u id  co n ta in ed  a .'feather

shaped mass o f  u a le  y e llo w  cryat& ls*  Toese were d r ied  a f t e r
\

j * . * .  « .  *»• a  > «  n  c - -----------  _ -  ...  - .  x *  . . . .  _ i  .«.. . a  — .ki7cioriia{5 n x  v«  es u v  -ixcr o m t s e n a ,  J*nu. is  a x  t e a  a s  i x a *  — x x o  v#.

•She w eight was 2*9 gm* so  th a t th e  w hole s o lu t io n  p r0hal&y\ 

con ta in ed  about 6 gm* o f  the su b sta n ce , or more I f  a i l  had n o t  

been ex tracted *  :'v
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Thin acid  compound i s  so lu b le  in  water, e sp e c ia lly  in  

a lk a lin e so lu t io n . It. i s  not very so lu b le  In a lco h o l, ben­

zene and le s s  so  l a  11 groin  and chloroform. I t  contains so  

halogen.
She ch lorine in  the a lk a lin e  so lu tio n  B was determinedi'

by the Volhard method. I f  a l l  the p-nitroehlorbena©me had 

been converted to p -n itro a n iso l. p -asosyan lso l. or both, there  

Would have been 7*09 gm* c£ ch lorine lib era ted . 'She y ie ld  ob- 

t f̂cisied i© g iv e s  bolow?

: Chlorine : theory for :
: liberated* ch lo r in e . , : Per eent theory
» S* * S.- *

n  r .  " ' t i i  *  i) ' ri •" - i ” r  1 1~  "  - -  - ■ — f t  i ’ i • ■ i r r  ■ -,i ~i ,■ " •  - •  — ~ ~  —

n    '___

B 6,34 7.09

■A 6 .34 7.09

3  6 .41 7*09

: T h e  f i l t r a t e s  from the aaoxy compounds were a lso  te s ted
fo r sodium forcsate, but the y ields were over 100 per cent

^theory, showing tha t sorao other substance besides n ltroben- 
•• ysne had been reduced* As In the cases o f the o-and p -n itro -  

tol&epes and the o-chlomit-rpbensene. n o  co rre la tio n  could be 
mad© between the ascocy compound and the format®.

nntTnr.TT'ssrntitz ..

j :  f \ . '■ 'The reduction o f  the n ifrotolueaes' and the. c h lo m it r o - '

" / /  beiasenea were studied  under the same conditions imposed fo r 
. niitrobeszen© in  the f i r s t  p a rt of th is  th e s is . She a®ta.
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compounds reacted  la  the sane manner as the nitrobenzene 

i t s e l f ,  toward the reducing agent sodium m ethylate, hat 

the o-and p-derivat i  ves, where th e  methyl group or chlor­

ine functions n ega tive ly , underwent complex reactions*  

g iv in g  severa l products .in each ca se , and therefore wore 

not so w ell sa lted  to  an a lysis by the fo sm te  taeoiod.

When the ssosy  compound was the so lo  product,, the format© . 

method was adequate to measure the exten t o f  the reduc­

tion*

S ince, as previously noted, on the one head, 

only 4 gras• o f  asosy compounds were obtained while on 

tĥ e ot*i v r , or© *»ss approximately *K3 per cent o f  the 

ch lorine lib era ted  as sod iua.ch loride, i t  i s  very prob­

able that in  p-ehlorn!trobenzene, the ch lorine atom i s  

the reactive' part o f  the scleeu!© , being replaced by «SSSa, 

w hile the n itr e  group 13 s l ig h t ly  a ffec ted  by the reduc­

ing a ctio n  o f  BaCCHa*
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SBCfXOB in .

The reducing action  o f  potassium ra©thylate on n itro ­

benzene i s  o f  in terest*  s in ce  i t  Is o f  great p ra ctica l Im­

portance to  su b stitu te  sodium for potassium wherever i£m$~ 

ib le*  Melsenheimer (see page 9 ) ,  s ta ted  that potassium  

n eth y lste  had n o  o ffse t  on nitrofcensos® u n t i l  th© alcohol 

had b o iled  away.

In th is  experiment potaesltaa m s cleansed  by dip­

ping saoh b a ll  o f  the s e ta l  in to  a mixture o f  o n e  part o f  

methyl a lcoh o l to nine parts o f  benzene, then r in sin g  w ell 

In pure benzene* The h a lls  were weighed by d.i fference un­

der benzene* xw© samples o f  29*4 gs* each ware cut Into 

sm all p ieces  under benson®, aad dropped through re H us  

condensers Into 150 e*c* portions o f  raethyl alcohol in  500 

OsO* fla sk s , cooled In an ic e  mixture* i’he solutionis wr©  

then transferred  to  250 s*e* voltaaetsie flasks* 20*44 c*c« 

{24*6 653-*) ®f aitrofeensese added* and the whole ..made up 

to  250 c*c* volume with methyl a lco h o l, She so lu tion  bo­

gus to  redden immediately* I t  boiled a t 85® C, a t f ir s t*  

dropping slow ly  to 79®* darkened to deep red-brown* but 

n o  formate separated during the reaction*

On the addition of d is t i l le d  water a t the end o f 
throe hours* boiling , the so lu tion  beams a deep orange in  

color*
formate determinations (given In the follow ing  

tab le  I* proved that reduction had taken p lace in  the 

presence o f the methyl alcohol*
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C0HC1U3I0H.

She p reced in g  r e s u l t s  show th a t  p otasa itsa  a e t h y l-  

a t e  e x e r ts  a  © lig h t ly  g r e a te r  redu cing  a c t io n  on n l t r o -  

bensene than doe© sodium  m t h y la t e .  She s o l u b i l i t y  o f  

th e  potassium  form ate in  m ethyl a lc o h o l s o lu t io n  probably  

e x e r ts  son s o p p o s it io n  to  th e  redos l io n  o f  n itr o b e s se n e ,  

but t h is  e f f e c t  i s  oyer'bBlazM sd by the g r e a te r  a c t i v i t y  o 

o f  potassium *

She e f f e c t  , o f  p o ta e s iim  m ethylate i s  so  l i k e  th a t  

o f  sodium metl*y1s t e® . th a t  th e r e  i s  l i t t l e  need fo x  t h e  u s s  

o f  potassium  in  t h i s  r e a c t io n .

G l i m  OOSBLUSICBS*

( a ) .  The eq u ation  g iv e n  "by K lin g er  fo r  th e  red u ctio n  o f  

z iltro lieaseas by sodium aethyX ate in  m eth y l. a lc o h o l sclsa** 

t io n  has been v e r i f i e d  q u a n tita t  i v e l y .  Ho carbon d i02d.de 

i s  formed during the rea ctio n *  ■ ' th e  sodium form ate oh» 

ta in e d  i s  eq u iv a len t t o . t h e  amount o f  n itrob en zen e  reduced  

t o  asosyb en sen e, and can th e r e fo r e  be u sed  as a measure o f  

the ex ten t o f  th e  reduction*

f b ) .  The e f f e c t s  o f  vary in g  amounts o f  m .-ter on th e  red u e-
J>v *  -!U ____ _ J t  *% a * — .  j . - * .  a  4 m * a  * 4 . jA * n *

i i e a y t ?  i ? o c ? i i  U 9 ^ r s t j t r j v u . i  k iE O T x jL  e i w u t i ' b o  w i  t t o  v^c?-l u o u ,l

th e  speed o f  the r e a c t io n  to  a -d ec id ed  degree* f h i s  e f f e c t  

becomes l e s s  marked as th e  amount o f  w a te r  i s  in c r e a se d . $hea  

an amount o f  tm ter  eq u iv a len t t c  a l l  th e  sodium m eth y la te
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present has been added* farther additions o f water cause a 

proportional deer ease in  the reduction or the extent o f  r e -  

duo 15 on is  in versely  proportional to  the amount o f water 

added, u n t il we reach an amount o f  water which renders the 

saSs^ur© heterogeneous. Further additions, o f  wafer have l i t t l e  

e ffec t*

ts  o f  varying amounts o f  pyriulne on' the, reduc­

tio n  have been studied* In th is  ease small. amounts o f  pyri­

dine cause a r e la t iv e ly  large increase in the reluct ion* As 

the so lu ti on becomes more concentrated with respect, be pyri­

d ine, the e f fe c t  dim inishes, and probably farther e f f e c t ,  

would be noted when the so lu tio n  becomes heterogeneous* The 

amounts o f  sodium forraaie obtained in  the la s t  tw© expari- 

exants with pyridine in d ica te  reduction to a lower stage than
atia  ̂ Q2* ii r\f? O ~ > *ijg>  ̂  ̂̂

nascent hydrogen is  usually  considered necessary fo r the  ra -  
■duetlea o f pyridine, the c a ta ly tic  e f f e c t  o f pyridine on the 
reduction presents an in te re s tin g  problem for fetura research* 
(d)« The reduction of the n ttrotoluenes and the ch.lorn.Itro- 
bsnsenee have bean studied under the standardised conditions 
fo r conducting those, experiments* I t  was found \" ; in  these ■
axper iiaonta , tk a t the  behavior of the ra-cosipounds was no rm l, 
and comparable to  th a t of nitrobenzene, while the o-3ad f« 

compounds underwent side reactions, end formed l i t t l e  or no 
asewsy eoapotmds* This behavior is. in accordance with what 
we might expect from a consideration of the eleetromio form­

ulae* For instance, in the o-and p-chlorai trobenzone, the

Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.



ch lorine la  n sgatire and replaceable by the negative o s th y l-  

ate rad ical ~OCHs* while in  the ja-ehlornitrobonsesa* the oh lor-  

in© i s  p o s it iv e  and not replaceable* thust

0 "  t u  0
^  f  '

■ It- i s  w ell kn<i\m that- in  a l l  chlorine su b stitu ted  organ­

ic  compounds in  whlah ths ch lorine U nctions p o s itiv e ly *  b o il­

ing with soM oa methylate w i l l  not d isplace She ch lorine from 

the nucleus* while in those compounds centaln ine negative  

chlorine* the l& ttor is  rea d ily  d isp laced  froa the nucleus by 

sodium hydroxide*

&)• -he e ffec t .©£ pofassl.ass ssethylatts* as ©Qs^rsd'.^ttli th a t
of coditEa methylate* upon nitrobenzene i s  rssfbyi a lcoh o l s o l -  

a iso
u t i o a *  nas s b ee n  i n v e s t  i g a t e d *  / •
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