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INTRODUCTION

This paper iﬁ ‘in%enﬁaé 6 ﬁmariz‘é the results .ef
work done to determine the effect of different groups and
thelr position in the bengzene nueleus on tha extent of reduci-
ion of the nitro group in benzene compounds,

lost of the previous mrskmiatmg $o this subject
has beon done in an effort to ﬁisaawr ‘the orientating influ~
~ence of groups already substituted in the benzere nucleus on
entering groups. . " |

‘The relation hatsxeer: groups and aa*sivi?sy has baan
studied by Eolbe (1), Cohen and MeCandliseh (2), Gough and
Thorpe and others.

The first mentionmed author (1} ﬁs‘taa that if the
second substituent in an m&ﬁﬁ nitro compound wers also
a nitre group, then reduption of the nim group as & whole
would either stop, or procsed very slowly gﬁér the i‘iréi; nitro

group was complefely reduced. He formulated this faet as fol-

Yows:

(%4 0y }m

In addition to the above fast, Cohen end MeCandlisch
{2) found that complete re
ed only after prolonged trestment with Amm

netion of dinitro benzene was obtain-
ontum sulphlde at a




-

very high temperature. They believed that this behaviour of
dinitrobenzene might be due to increased basicity of the nuc-
leus due to formation of smino groups.

- These authors elso dealt with the reduction of many
other polysubstituted arcmetic nitreo compounds by treatment
with smwonium sulphide. From their results they finally con-
¢luded that if the groups secondary to the nitro group in the
benzene compounds were aeidic in character, reduction would

be most complete. If the nitro group were In the orthe position

~ to a methyl or ester &
extent and might in faot be hindered.

roup, reduction would be of a much lesser

A review of the above m%wnﬁa indicates that imier-
est centered rather on the finel products of reduction them on
the effects of groups on the aetivity of the nitro group.

Gough and Thorpe (3) found that ertho end pava zy:.yaaa
,ﬁibmmﬁaes would resct with potassium eyanide fto form &mmmas,
- whereas meta xylybme dibromide would resct with potassium cyan-
ide to yield a monocyanide under precisely similar conditions,
They explained this behaviour of the three isomers by use of
the Lepworth {4) "Key atom" theory in the Following fashion:

o T
CHpBr
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In the ebove siructural formulae the heavi}.y maricea
bromine atom is amxsi&ere& the key atom and ’%he altama%e pol-~
arities in the three dibromides are as shown above.

When the cyanogen group replaces the key bromine atoms
‘the new key atom will bs the nitrogen (in heavy letters), and as
can readily be seen, this change in the key atom will enhance
the naga%ivity of the bromine in the ortho and para derivatives
at the am time %hat it ammﬁms the normal
- the br

negativity of

- in the meta position,

CHpB#

This sxplanat i@n saemingly aeﬂaun‘ss for the sluggisfz—
ness of tiae ‘remaining bromine atom af ’&he meta xylylene dﬁa- '
mm&e as gamp,araé to the activities of it in the ortho and
pars I siﬁi«m& o

4nother case invast iga‘f:e& is that of the ﬁmsals,
(Bawﬁan anﬁ Mountford (5) ). In this case the hydrogens of the
alkyl ra&iel_e ars assumed to ,be the kay atoms and as & study
of the following structures would indicate,

- A N
'




?&e hydroxyl B in the meta derivetive has its positivity |
ephenced, In the ortho and pars pesitions, however, the ;maitivit
of the hydroxyl hydrogen is at least partially neutralized. The
authors {5) found that in prectice the meta derivative actually
possesses & higher donization constant,
| Lapworth and Sh@amith (8}, who %a&ie& #BB alkali }rydm
f}g of the %three  isomeric methoxy benzyl hmm%, found tm
: ‘aﬂm and pare derivatives to be more readily sgted on than the
meta and explained the facts in the mim ‘
ens in the mmwmg atmﬁﬁn

Assming the m‘&;}mzy oXYE
ures to be ?i}m key atoms,

3

' ﬁﬁaﬁr .,

| sﬂgmﬂ - o
1ty R

the normel negativ/ of the bromine atom ¥ill, 1n the case of the e
mete .ﬁgrimﬁwv be at least partially neutrelized., While in |
‘the ortho and pare derivstives the negativity of the brominme

will be enhanced. |

BeH, OCH~ oCH
I ;o f o
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A brief survey of the theories of substitution in
the benzene nucleus must be made, in order to pereeive the
basie theory involved in %his ;mhiasm; even though assuming
the theory and structure of benzene {2). |

The 1eaaers in the attem;ata tza mlm the problem of
r {(8), Eael- '
ting (7), Crum Brown (1), Thiele (11), Hollemen (12), Flur~
schien (is}', vorlénéar { 3.4;}} Lapworth (4), Kemk@é Robinson

substitution in the benzgm nueleus hgva bsen Hubr

{15) s in ahmmlagmal order,
B Eabnw (9) formulated the following emmazmn of
substitution: | L
 nIf the seeond snbatitntmg gmup in the ease of
disubstitution in the benzene nucleus be an acid
or negative substituent it will enter the nuclsus
by replacing a hydrogen stom at the paras and ortho
pﬁs.ﬁ:ioas to the least secid substituent alrsady
present,.”

*Nonversely, if an acid a&bsﬁitﬁazﬁ were almady
present. such: an acid or negative entering group
would be orisntated to the meta position.”

Noelting (9) formulated pram;ma}.ly the seame rale
in the following manner:

g aeatral, hasie, or weakly aeid group of the type:

oeeupying the 'prmy msitign would orientate such
groups as;
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theve 1s free residual affinity at those positions, but meta.
-addition could only %ake plaee by *mé breaking up éf the ring.
Further discussion of this theory and its aevampment
lay Verner must be emiﬁad owing %o lack of sg}aea. '
Varmua athar thmriss haws hwn suggaate& particularly
by Crum S:mm* %smil}.ar, H@llamaa, ?azlan&ar, E‘lwaemam and
others, bwb s:h;ws those of both ﬁrm Brown and eham.illﬁr
virtually ‘hha same as zianmm's theory of rsuhsﬁi.wtian the;y
will be omitted. _
- Aeccording to Hallaman {12} the rules of substitubion msy
be formulated as fellaws* |

i. The m‘ke of ortho para subaiitution is ma%er than the rate
- of meta s’tzhstiﬁuti@n.

2 E’tr erthe and para arientatmg gmui;s the order of sabstitutuf
’.‘(’" thﬁs«

OB NE, C1 I Br CH,

3a For meta ar&wtatmg groups the arﬁar of su%gthﬁima misa
as follows:

oo S0.H  NO,

According to Henrich "Theories of Organic" pages 205-206,
the sbove hypothesis are merely rules which it is trus hold in
the mejority of cases observed, .but not explain the fundemsnt-

al principles underliying #ﬁh&mﬁaﬁm and as a conseguence are being

ai.sregaréeé more and more. . _

Shortly after Holleman, Vorlander {14}, made and effort
to axplm substitution by the following set of rules: |
1. Unseturated groups such as: | |



N0, CN, CHO, COOH, SO.H
will cause meta substitution, '
2. Satursted graups af ‘khe tﬁm'
€1, Br, I, CHg, (}H, Gﬁaﬁl, CH_GOOH.

2
will cause ortho para orieataﬁen.

. Yoxrlander h:&mw:u finally stated that the sbove rules
would not aa%ismwrn@' explain all the results obtained in
aubstii:a’kmn in ;:metiea.

For example, if meta sahs%i%u‘kiaa otours @rthe«ym

- substitution mey also oeeur.  If orthe substitution oseurs the

para and meta substitution also oseur; whereas if para sa%;s%?&‘ﬁ*
ution predominates. me ortho, and 3%.5‘.%&3 or no meta s&bsﬂkmuz;
fon will-ocour, In addition to $his it may be said that either
the substituents will hinder disubstitution,in which case meta

orientation will result, or they will promoie disubstitution in

which case ortho-para orientation will be the rule.
Flurschiem (13) explained substitution on the basis of
a redistribution of chemieel affinity. Assuming thab:

1, There is no such thing as directive affinity and that sll
affinity is attrective forece meting evening in all direet-
dons from the atomle e¢snter to the atomic surface. :

2, The $otal velency is a constant for each element and if
certain bonds employ large portions of ths total atﬁmty
store there is less left over to furnish the remaining
bonds by which the atom is attached to akmrs.

3+ There is then, a ﬁiﬁ‘m@e bamgn fim an& loose bonds
between atoms.,

In the case of benzene he symbolizes such a system by -
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In the @asa of nﬁ%m benzens the nitrogen has a @asﬁiﬂm
polarity, induced by oxygen, while in aniline ‘%33& nigrogen
%ﬁ by its two adjoined positive hydrogen

a negative polarity indv
atoms., |
: . ¢eding formulee shows that the meta
ms in nitro benzene are held by negative carbon atoms, ,
6 ortho-para hydrogen atoms ave held by positive earbon
indicating that in the mete position substitution womld
be more difficult than in the ortho or para positions, the oppos-
1te being the case with aniline. |
On the basis a@f the sbove assumpiions Vorlsnder formulat-
ed the following rules; |
I In ﬁm case of dlsubstitution by nitmﬁim @r halogenation
: b:g mzeh ﬁgg g}iﬁ?}m yiiz be orientated to the meta position

S0gH, WO, €HO, COCH
w}aiséh congist of positive aloms er groups acting as

II The entering group in nitration or halogsnatl

orientated to ihs ortho and pars positions i
chain consists of negative atoms or groups o
Tapworth M«i m iy mg his grmxms of induced alber~

nate polaritics in cheins of stoms held thab:




"The laws of change ia the carbon compounds are the
mathematically neeessary results of the operations
of the laws of valenoy applied to the migration of
the point or condition of fres valency srising from
a dissociastion akin to fonization. These consider-
ations indicate that the albternatse atoms in such &
chain of earbon atoms might be expected to exhibit
similar powers of seting as seals of fonic astivity®.

In other words, the alternate atoms might be expected
to show similar polarities.
rbh further assumes that:

~ "aach atom in i%s organie cheni al %mbinatiam can be
mmiakeﬁ with & given (maximal) sumber of bonds or
‘valanay 113:@ and whilast w wm may nat have more
an maxinal number assoclated with it, it may
hmm 1&%; and, lastly, the total number of these bm&s
oy valeney lima {m&m&a and fractional) in eny part of
‘he molesuls remal nstant wnless thers is definite
mwa S0 pes-: ""-e that some have passed to or from
ane%har ;m,rt of the molecule, or to or from the sur~

stom conception, for which Lapworth lays down the rule

torm "key-atom® aha,‘ﬁ. be applied only ‘Eﬂ that atom which is con=

sidered responsible for a certein effect, end not to one produs~

ing tm most striking effeets or even to one which has an effect

on mry property. All these postulates lead $o the ssme results
in practice as do Vorlander's {14).

| Kernack and Robinson (15) developed am hypothests of

*Induced nlternate polarities'along slightly different lines.

Where Lapworth (14) developed his theories on a general basis

and then chowéd the msaibility of their agreement with the

elestronic conceptions of valeney; Robinson {15) built up his
system on lewis' ideas of atemie strueture.
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Aecording “!;;a Iswis® theory, the cuter shells of the
atoms of carbon, hydrogen and chlorine possess four, one and
seven electrons respectively., In chemical combination anong
the carbon derivatives of these atoms Iewls nssumes ’Ehat an
octel of electrons in the ouber sphere of an atom is a stable
grouping; and that this total of eight electrons cam be obtained
by. the gﬁaa?bén atom sharing electrons with the other atoms im the
aamgem&. On this b&sis the ordinary single bond of orgenie
chemistry is represented by a pair of electrons held in common
by two atoms; and the sthylene bond is reprosented by two swh

pairs of shared electrons. Thus the formula of benzene becomes:

If now the hydrogen atom (1) be replaced by a chlorine atom, a
‘rearrangement of elecirons ercund the ring will take plasce. As
a résalﬂlé the carbon atoms (1) (3) and {5) wi 11 become systems
of unstable octets (positive groupings on the Kermack Robinson
view), while the earbom atoms (2) {4) and (6) will turn into the
stable octet systems, Thus the difference inm chemicsl nature
betwesn ortho and para positions on the one hend and the meta
position on the other is agcounted for on the izasis of these
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_ assumptions,

In the case of nitré banzené, if the iwo oxygen atoms
form complete octets the nitrogen becomes an umstable systazg,
thus carbon atems (1), %o '@hi@h the nitro group is sttached, will
be a stable system insteoad of unstsble as is chlorobenzene, b=
viously in this case, the atomic systems {1) {(3) end(S) are stable
on this basis, whilst the systems (2) (4) and (6) ere unstable.

Thus as has been shown this set of sssumptions offers an explana-

tion of the different orientating influence of such atoms or grou

as chlorine and nitro.
METHOD

The method used is a variation of that deseribed by
Thorpe and ¥hiteley (18) for the estimation of nitro groups by
reduction with stennous chloride.

amples of

In the present instance duplicate half gran
the nitro compound to be re&iuaseé were weighed into glass stoppered
‘hanéa:éé centimeter graduated flasks, Twenty cublic centimeters of
ninety-five percent alcohol were thezi added to each half gram
sample»‘ in order te dissolve 1t. Then ten cublec centimeters ef
approximately 2.5 normal stendard stannous chloride ‘salut-ién wers
pippetted into each flask ané the flssks stoppered. |

The two duplicates and a blank were then immersed in a



e

thermostatically controlled slectric water bath, which was set
at a temperature of thirty three degrees; for a period of thirty
minutes. The duplicates and blank were then removed and cooled
for ten minutes in order %o check the resaction.

| Both reaction mixtures and blamk were diluted to one
hundred cubie centimeters with distilled water after the ten
minute intervel had elapsed end the excess unoxidized stennous
chloride remaining was titrated with helf n

ormal standard iodine
solution, asiﬁg starch pas%a'a@1ﬁ$iaa on & spot plate to obtain
the end point. | |

The difference between the emount of stannous chloride
first used and the ampunt present after reaction is a direct
measure of the rate of reéuatiea of the nitro group for the time
and at the temperature at ﬁhi&h the reaction procesded.

' The remetions were carried out in the manner statea for

the following reasons} |

I TEMPERATURE

It was found thai a_hiéher temperature carried the
reactions, in the éase of some isomers; too aiﬂse to completion
without in any wise ehanging the ﬁ@mparative.velaeity with whieh
‘the nitro group of each set of isamérsﬂwas reduced. Conversely a
lower temperatnra would not aarry tha~reae%10n far~aﬁ@ugh, so that
iﬁ the case of suﬁh isomers as para nitro toluens or para nitr@
phenol there waulﬁ be no redustion when their isemsrﬁ haﬁ already

been reduced to a considerable degree.
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Here again the same factors had to be taken into
eonsideration es heve already been mentioned in dealing with
the question of tempereture; but in addition to these fastors
there arose another, that of @ffie;isaa#. It was found that a
period of thirty minubes would not only carry the reactions to
& point where mmganiaon of vélaai%ieg was msa;ib};aﬁ,' but alse
allowed & su:i%ﬁwia#ﬁ interval in which to prepare duplicate
solutions for reaection, and allowed time for the titration of
& @raaaﬁiag reaction mimre,,_
III WRICGHT OF MATERIAT

The consistant wuse of balf gram semples of material

was desireble for the following ressons:
It was a useful standard of comparison.
| It wes simplified ealenl%iaas and was easily waighe&.
It was sufficiently large to lower the percentage of error in
welghing, yet sufficiently slizht to allow of resdy solubion.,
Finally i% yieldsd a large enough percentage of m&u&tim mder
the conditions of the reactions, . . .
1V _SOLUTIONS

Half normal fodine s:}lﬁkians were used because a !

gth of solution eould be prepared

iﬁi&ﬁ‘é guantity of this stre
to allow for a much larger number of titrations than would have
been possible with move dilute solutions, in view of the facilit-
iss mil&blﬁ;

The use of alkaline tertarate was discontinued beeause

1t resulted in precipitation of the sminoc compounds formed by the
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reduction of the nitro groups and the tendancy of these preeipit-
ates to mask the end point.

The purpose of the blanks with each set of experiments
was to obtain a constant,chesk of the exset values of the stamn-

ous chloride and iodine &ﬁlﬂ&i@ﬁa'wi$h.zsreﬁamﬁa to one another,.
The solubion mentioned were prepared in the following

fashion: | ]

(&) 2.5N STANNOUS CHLORIDE SOLUTION

One hundred end fifty grams tin were dissolved in
barely suffieient econcentrated hydrochloric acid. The liguor

was then decanted esnd fifty cubie aen%imataxé.af'e@ﬂ&ﬁﬁk@&%;f
hydrochloric acid added, The solution was then diluted to one
1itre. | |
{v) N/2 IODINE SOLUTION | |
_ .Sﬁxgy.ﬁﬁraa point five grams lodine ﬁ@@@eé&ﬁSﬁi&%@ in
potassiun iodide solution end the solution diluted to one litre.

tweniy grams of rochelle sslts were dissolved in distilled water
and the solution diluted to one litre. |

The following compounds were purified by repeated
orystallization and ﬁisgiilatiﬁﬁ £111 their boiling poinis and
melting points beceme constant: |



Neme of Compound

Nitro Benzens 210 e 3 :
Chleor. Nitro B&mm 38.5 44,5 ' 8340
Iodo " 49,0 B56.9 17%2.0
Br. " " - 41,0 ‘ 56.0 - 128.0
Nitro Toluens 220 = 150,0 237.0 {52)
" Misal , : Q.Q o {%2) 54,0
" henol , 4&3&, %.é} 14,0
E#;ky& m.%m '-'2%‘% : B30.0 @ 47,0 - 57,0
147,.9 140.0 238,0
5 - 71,0 134.0 146.0
Eﬁ.ﬁitmbanz 117.6 80,0 171.0

Ae DATA

The original experimental &ata consists of:
I  The number of cubie gentimeters of half normal lodine solut-

ion réquirsﬁ to neutralize ‘khaﬁ exeess stannous chloride in

aach.
II The number of cuble gentimeters of half normal iodine solut-
ion required to neutralize the stamnous ghloride in the
blank, which represents the amount of stannous chloride used

for sach individual experiment.
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B. BESULTS

The results sre calculated from the above data in the

anner:

I The persentage of available “NO," in each compound, which is
required izx order to derive %ha might in grams ﬁfﬂﬁsgﬂ asfail«-
able in each of the compound.

'ase&, caleulated thuss: -

where T = the thear&tical aquivaleais weight
of "HO ¥
&
W = tre thecrebical equiv
of each compomnd.

lent weight

and X = pﬁm&ﬁt *’ﬁﬂg“ availeble.
II The grams .ﬁ?ﬁ'zﬂ available in each compound, required for the |
. purpose of caleulating the percent of availsble "HO," aetually
reduced; obtained by the use of the following formmla:
Formule II W=y
i where = percent "NO 2" theoretically availeble.

= the welsht of each compound used in
aw}& experiment,

&mi ¥ = the grams “ﬁ%‘* available in each case
HI The gmzas of availadle “f%’ﬁz astually reduced in each experi-
| ment, which are required in order to caleulate the percent
. available "HO," actually reduced in each ease are obitained as
follows: o |
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{{a~b)) x {+00382Y5) = 2

Where & = pmber of ees N/2 iodine solution re-
quired to titraie the stannous ehloride
in sach blank (e.g.) nunbsr of cos fod-
ine required to peutralize the amount -
of stannous chloride used, before sach
experiment.,

b = the number of ses N/2 iodine solution
raguired $o meutralize tm starmous
chloride which remains moxidize
each experiment.

+0038275 = the walue of 1 ec N/2 lodine solutjon
1& gi*ﬁ?ﬁ@ "MQ € 3

end z = grams "RO," actually reduced.

The percent of available "NO," setually reduced is

obtained by use of the Tollowing formulk

%4

F@maia Iv yxzz = percent ”%g" aetuall

Where y = grams"NO," availeble in each compo

after



EXPERIVENTAL RESULTS WETA NITRO GOMPOUNDS:

.‘-ﬁﬁn’

TaBLE

react-
;im

Sa.‘mtwﬁ

're'aﬁfk-

¥o.

HWame 0f Ho. OFf c¢'8 N/2 % "HOg"
Compound wx‘

L

arailafle

Gma Brams
eveileble asble ”K@z

E2j ",, k ;4

avatl~
able

"HOg®

— % el

astually

aetually mﬁw&&

mﬁ

CICgH N0 23.8
3044

Br *
CHg *
OCHy ™
cHO *
oH
é@eﬁgaﬁa
Co0H *
NHy

NOg

27.8

40.4

25.5

:g‘»ﬁ,

51.5
29.4
16.5
16.3

44.8
44.8
40.8
39.9
44.7
39.9

4X.0

44.8
39.9
44,2
44.6

43,01

3743

30,08
18.4
22,7
33.5
50.06
30.46

33.09

23,5
27.5

BB+ 5
B4.7.

0.1865
0.1505
0.0920
0.1135
0.1675

0.1525

10,1375

$.1665
0.2735

0.0344
0.0803
©.0398
0.0463
0.0164
0.0202
0.0893
0.0241

00820

18.4
53.4
43.2
40.7

9.7
13.4
45,5
14.5
27.2
41.1
64.4
373




EXPERIMENTAL RESULTS OF ORTHO NITRQ COMPOUNDS
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TABIE No II

Eama af E‘a. af w*a ﬁ/ff: nyn
ompound  so 4

a;eti@a

4 "NO," Grams
ol T rel avail-
a:: rem arﬁre Yo~ sble

aetion

available™

"ﬁ@a’* G?S‘ Avail- % Avail-
ab?«e “XQQ o
at ,,\\Tially

able

CglglOp
ﬁlegﬁéﬁﬁz
I o

Br ¢

CB, ®

38545

17.7
25.4
25.5
36.8
50,5
£2.5

36,4

28,5
30,2

B0.5

25.5

44,8
44,8
40,8
B9.9
44,7
39,9
41.0
44.8
59.9
.2
44.6
43.01

373
30,06

18.4
22.7

38,5

30,46
53,09

- 83.3

54.7

0.1135

0.1523
0,1654
0,1175
0.1375
0.1665




TABLE No III

_ EXPERIMENTAL RESULTS OF PARA NITRO COMPOUNDS

Hame of RNo of ege¥s ¥/2 "I

Compound golution Pegu
After Te~- Bof

aotion

action

ired - avail-
ors re~ able

available

% "NOg" Grems "NOo" Grs. avail- favaile
able "HOg"
~ reduesd -

"HO"

'ﬁgﬁﬁ -

CO0CgHg "

CgHgliDg 5548
Cl CgHgNOg 51.0
I " 52&
Bp 35.2
CHg " 43_@1
0.5
29.9
44.5
25.5
24.6
40,0

cEe ®
o "

coom  *

BB.3

44.8 37.3
44.8
40.8
39.9
44,7
39.9
41.0
44.8
39.9
43.01

18.4
22.7
83.5
30,08
30,486
23.5

| 54.7

30.086

0.1503

0.1675
0.1505
0415283
0.1175

0.2785

| 0.0544
0.0528

0.0176

09,0562

le

1

A SRS P i b4 o weor £ T e e S e e i

- - T



FOR THE PURPOSE OF COMPARISON THE PERCENTAGE
OF AVAILABIE "NOg" ACTUALLY REDUCED WERE SET

IN THIS TABLE IN DESCENDING ORDER

Availe-
able

- *HOL"
radéaaﬁ

Neta

KN
Avalil-
able
”ﬁﬁg‘“
reduced

%
Avall-
able
"NOg"

CgH,CINOp - 68.9

| CeHATNOZ
|| GgHyBrNOg

64,0
46.6
38.9

 GgH,CHONO,
 GgHyCOOHNOy

. gHyCO0CsHsNOg 37.1

B2.3
27.0
23.8
19.3
18.5

. CgliNHgNO,
' CeHaNOZNOg
| GgHLOCHZNOZ
| CgH40HNO,
. ceHgomHzNOp

Cgli BHoROp
CgHACINOz
CgH4CHONOS

Cglly INOg

CgHCO0HNOg
CgHyBrNOy
gt N0 NOg
C6HACO0CZHENO2
CpH40INO

CgHy OCHzNOp

84,6

53.4

45.5

43,2
41.1

40.7
37,3
27.2
14.5
15.4

9.7

CgH4C0003
CgHgC1NO2
Cglly INCy
%g‘gﬂﬁﬁﬁi@g
CgHy BriNOg
CpH,HOaNO,
CagHaNHgNOR
CgH40CHgNOg

igROg

54,5 '
34.5

- 27.8

22.5

20.5

10,5
3.5
3.1
0.66




THE ISOMERS OF THE COMPOUNDS

TABLE Ho ¥

USED AND THE PERCENT

REDUCTION OF THEIR KITRC GROUPS ARE SET SIDE BY

SIDE HORIZONTALLY IN THIS TABLE

 ORTHO

META
Avail-
able
"ﬁ@a
reduced

eﬁaéaﬂsﬁ@g

CgH4COOCZHsNOp 37.1  CgH4CO002HSNOg
52.3 ﬁgﬂéﬁﬂzﬁ%

CgHyNHaNO2
CgH40CHgNOz
CgH4 OHROg
CgHyCHgNOg

6.9 CgHyC1NOg
84,0 Qﬁgﬁmﬁa
48,5 CgHgBr

458 %ﬁéﬁﬁﬁﬁ%
8.3 %Eéﬁ&&ﬁ.mg

27.0 ﬁgﬁé&ﬂgﬁ@g
19,3
18.5
18.4

CgHiCINOy 35,1
APy

5  CgH,CHONO,  27.8
. CgH,COCH.NOp  54.5
+2  CgH4CO0CZHGNOz 48,5
6 CgHyNHzNOp  10.5
| OgROgioy 20,5

NOp  22.5




CONCLUSIOQONS

A. EFFECTS OF TYPES AND POSITION OF GROUPS

I {a) Positive groups ortho to the nitro group do nof

favor reduction of the nitro group to ths same

&em& as do such negative groups or atoms as:
Ci; Br; I -

but favor reduction to & greater degree than do

such groups as: ' | ’
OHy CH,

Positive groups favor reduction in the following

ordert | . '

CHO , COCH , COOR , WO,

{b) Fegative groups ortho to the nitro group favor re-
duction in the following order: |

€1 I Br NH, OCH, OE CH

3 3
II {a) Positive groups meta to the nitrc group favor re-
duction of it in the following order:
CH, COCH NO, COOR

{b) Negative groups meta tc the nitro group favor its
reduetion in the following order:
EH

5 €1 I Br ©h 0053 033



-

III (a) Positive groups paras %o the nitro group influence
its reduction in the following order:
COOH  , COOR  , CHO , NO,

(b) Hegative groups para to the nitro group influence

its reduetion in the following order:
€1 I Br ©NH, OCHy CHy OH

B. EFFECTS OF POSITION WITHIN TYPES

It is seen that regardless of position the halogens
alwaya show ﬁhe{samﬁ relationship amongst themselves with re-
gards to their sffect or influenee on the rats of reduction
of the nitro group. The order of iﬁflnanaevis always as follows:

€1 I Br

The negative "NH," group whieh, in the ortho position
has far less influence on the rate of reduetion of the nitro
group than has the “Br*; in the mete position is the most in~
fluential of all the groups studlied., In the para position it
again is far less influential than the "Br»,

The "0H" group which in the meta position follows
*Br® amongat the negative grﬁup a3 regards influence on the
rate of reduction of the nitravgxaag; in the para position is
the least influential of all the groups studied, while in the
ortho position it has very little more influence on the rate
of reduetion of the nitro group than has the ﬁﬁﬁﬁﬁ.grma@_Whieh
in this (the ortho position) is least influential of all %hé"
groups studied. | -




'4';27,4-; -

The "ecﬁgﬂ group which in the ortho position has
more influence on the rate of reduetion than has the 70H®

group, in the meta position has less influence than it.

¢, EFFECTS OF WEIGHT OF GROUPS

In the case of the negatim nalegana {ci, I, Br}

an increase in weight seenms to be awempmaiaﬁ by a éeare&aaé;
influsnce on ﬁhe m‘w of reduction of the nitre group. Iodine
is anam}.aus in its be}mviawr, but bath this azmmaly and the
statement already mada hold true whetiwr for the ortho, meta
or para positions, : ,
In the osse of such groups as "OH" amd “OCH", -x?emaw—-
ment of the "H™ by “CHs*‘ is sccompanied by an increased influ~
ence on the rate of reduetion af‘ the nitro growp in the orthe
and yam si%ien, and a deoressed influense in the meta.
Replacement of the THy® of "NH," by *‘& * in the ease of
"HOg" causes a descreased influence in the ortho and meta 1 pos~-
itions, end an increased influenee in the para position.
Oxidation of the "CHO" group to COOH causes decreased
influence in the ortho position and a progressive inercase in
influence in the meta and para positions,
Replacement of the "H" of COCH by an alkyl group:
S4Ze COCH » COOR

is secompanied by a decreased influenee on the rate of redustion

of the nitro group in ortho, meta and para positions,
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INTRODUCTORY

Very little work has been done with referance to the
condensations of the aromstic nitro compounds with such |
compounds as benzyl eyanide, dimethyleniline and other allied

. gompounds.

condensation of nitro benzen

Reissert (1) studied the
with sodium methylate and acetone. He formulated the reaction
in the following menner: :

+ NeOCHy  .s O *gﬁg —
C=0

- Rab &I?wt} |
CHyp.C=0.CHy

‘Reissert slso studied the behaviour of dinitro benzene
with acetone and sodium methylate. He formulasted the reastiion as

follows:



~31-

+ 0H .+ HOHFa
] ©
3] E'.-Z@-gﬁgesﬁﬁ"gﬁ@
OBz

Reissert also studied the behaviour of nitro benzene
with acetone and sodium methylaste, He formulated the reaction
as follows: ’

CgH,(N0,), + CH,COCH,

Gﬁﬁﬁ'ﬁ * Ezﬁ

arnburger (2) @u&&e& the beheviour of chlor phenyl
.amhrm;i} and itz convertion mw ehlor seridone. He formula-
ted the resction in the following
‘ N

o1 | 0 dissolved in H gseg_( ao.ne:z) cic ﬁg&c . +NaR0,,

\c\/c | | '

0 ~ ' <
P N X
c10 E/ o Cgfisl, cac
& s\gae — s
3 @

— Glcﬁﬁs< >"6ﬁ

(aerg&ane )




Intermolecular
~{NaCH) Chang

+HCL > ,
' I & loss of water . : /051355
¢

It (4) was found that the best resulis were obiained

r weightsof pere chlor nitre benzene end ber 2y

when sguimoleenl
eyanide were reacted with two molecular equivslents of sodiwm ety

late in alooholic solution and refluxed for two minutes.
The remetion mixmra was then cooled and acidified
with I

:&iﬁ&ﬁi‘?& in it as it d4id in organic acids.

droshlorie acid beeause the condensation product 4id not

Coke prepared no dirivatives of this compound he- }
eause it was relstively inactive with aecids, tram#,‘ oxidizing and
reducing agents. He 4id, however, prove iis constifution by meens
to be that ohlor phenyl enthrenil and by combustions, determined
the empirieal Pformula to be GmHgONCL.

A gomplete survey of the methods and &1

rger umlagerung reaction. He proved the &n&ti‘:@uﬁ@

eory involved in
these condensations san be obtained im the reference (4) mentioned.

Coke (4) made & sareful investigation of the properties,
nature and constitution of the condensation products of the ortho
and para isomers of chlor nitro benzene.

¥is (4) attempts to prepare deivatives of the meta chlor
nitro benzene, were on the whole unsuccessful. The product obtained
was generally a semi liquid with a slight yield of the ortho ehlor
nitro benzene éﬁr_i#atimn He {4) d4id, however, prepare enough of

the meta condensation produets to ensble him to esteblish the fact



that the main produst of the reaction between mete chlor nitro
benzene end sodium benzyl eyenide, was identical with the product
of the eondensation of ortho chlor nitro h@aﬁe with sodium ben-
zyl cyanide.

| The purpose of this paper is to set a&% the results of
work done in verifying his results with reference to the condensa~
ti&a of meta chlor nitro benzene and to astablish the conditions |
most favorable to kh.s reaction, It is also intended to ‘show that
the other product of the meta condensation has been isolated in

sufficient quantities to identify it.

THEORETICAL

‘i‘hati&rimipal involved in this work is that on whiech
all condensations are based; that is, if two or rmmﬁ organic mole~
sules unite with or without elimination of component elements, in
such fashion thet the new union is effected between carbom atoms.
This union may or may not be effected by use of intermediary mat-
allic derivatives of the compounds %o be unibtéed.

In the case of the condensation of the three chlor nitro
benzoene derivatives with benzyl cyanide the union was effected in
the following manner;

1. Condensation of ortho chlor nitro benzene with benzyl eyanide

in the presence of sodium ethoxide:




Coke {4) that the produst of the ortho eondensation was produced

by econdensation of the meta chleor nitro benzens with benzyl ¢yanide

in the presence of sodium ethoxide. .

In the oase of meta chlor nitro benzene yielding conden-
sation products it is evident that it can yield only one compound
mﬂaﬁm&émg to that obiained from the eondensatjon of the orthe

chlor nitro benzene. . o . .
It is, however, possible that it might yield two come

pounds related to that obtained from the pers chlor nitro benzens
condensation e.g.:

ses page 37
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*CgHg=0~H

O=H=0

'ﬁ’-»@ﬁ

II Condensation of pars ¢hloriniiro benze
in presence of sodium sthoxide.

+{NeCN) moleeculs .
marr?»emaﬁ
and loss of 339

The question neturally arcse as to whether the meta
condensation yielded @mﬁﬂwks gorresponding to these obtained
from both the ortho and pars derivatives, and as alreedy stated



I , i1

farmtzia. I corresponding te the para smr nitro benzene conden-
sation derivative and, ramala I not - responding to it,

813&&& Coke {4} had amady shown ?’m&% a product cor-

to that obtained by the ortho chler nitre condensat fon,

it m&iﬁaﬁ only to verify that rasalt, and in addition to attempt
the isolat 2@& of any eﬁh&r gompounds tamtm from the meta ton~
ﬁﬁﬁsaﬁem, in the hope of preving that ai%imr one or M‘ah »r the
chlor ghmiaatmus abm‘@ hat»i been ?Mﬁ%@%ﬁs

- In 8ll the m{zmmg preparations the ﬁM%&lﬁ used
were carefully purified both by reerystallization and redistille~

tion till their boiling end melting points were constent within

one degree gentigrade.

In all eaaas the quantities used were molsculsr equivaw
lents or some fraction or multiple of molecular equivalents of the
@mm&& reactsd in eaéh condensstion process.

Condensations were abktempied suseessfully not only with
mota chlor nitro benzene and benzyl eyanide in the presence of sod-

 ium ethoxide but also with alpha nitro maphthaline and benzyl oyan~



- ide in the presence of sodium aﬁmﬁé&.

The condensation of meta ohlor nitro benzene snd
gyanide in the presence of sodium sthoxide was shm $o result in
the formation of at least two compoumds:

I A predominant yellow erystalline compound ecorresponding to

that deseribed by Coke (4), which after repested erystallizat:
4 at 146°C.

This compound forn :
soetic anhydride which, efter repeated arys’kallitz&tien; gave a
melting point of 156°C and frothed at 157°C.

!
g-CtN

- {b) a ercamy white erystalline oxime

aleoholic solution which gave a melting point of 979%.
| - S

with alkaline peroxide in

c1

H
H.C0H

{c) & creanmy white arystalline oxime wi*m a&maatrate& nifric acid
in aaetia {glacial) aoid solution whieh gm & melting point of
97%. |

II & minor guantity of brownish flaky erystalline material, which




~21=

after repeated orystallization gave a melting point v&higﬁ rose
from 82°¢C after the first reerystallization to 115°C after the
£ifth, when the melting point remained constanmt.

Cells
cl- ~C
o

-

By aetual weight it was found that forty parts eff' the major yﬁ.llgw
 compound were formed, o eiaeh one part of the minor brownish mat-
erial. Repeated changes in proeedure finelly raised the ymxmr%aé
ions of the ssaamary produet o one in tweniy. |

| In case of the condensation of alphe nitro n&phthm&e
with benzyl eyanide in the presence of uﬁima ethoxide, it was
found that the resetion resulted in the formation of at 1@&&: two
wzapeanﬁ&. |

{a) & pm:iegg dry-grass green eampaam with a mel‘king point of

{b) A brownish yellow compound with a melting mﬁni: of ... 135°C,
The sesond produet is produced in larger quantities and

bshaves in g manner énaiegwa $o that of the primary condensation

product of meta chlor nitro benzene and benzyl cysnide. e.g:

{1) It forms an scetate (yellow) which is semi
liquid st normal tsmpsratares’

{2) It forms an oxime (brown) which is'a viseid liquid
at normal tempemtms.
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EXCERIMENT A

Condensation of meta Cl nitro benzene with benzyl
eyenide in presence of sodium ethoxide |

1l molaraiui., Benzyl eyanide 1.48 gra.
1" ® HMgCl mitro benzene 2,000 *»
i " Sodium mebal «298 "
i " 85% aleohol , 20.0 co's

0,293 grems clesn sodium metal was éisae:iw& in 20.0 eet's

954 ethyl aleohol and 1.48 grams benzyl syanide added. The solub~
jon turned dark brown red. 2.00 grams

added snd the mixture boiled on & water bath under a reflux conm~

neta ehlor niiro benzene wers

denser for twenty minutes,

it first the reastion mixture was a e¢lear deep red sal*
ubion, but af%r twenty minutes it turned a deep brown and a heavy
gmgigita’b@ begen to settle.

The raaatian mixture was them cooled in lee and neutraln

wi%h m:ﬁ%hzarm aeid $411 it turned from slkaline to neut~

- ral %o iitmus. A ;tzﬁen yellow precipitete formed end a little

aﬁizaé from

and smell poriions reerys

was filtered off, washed
$he following solvents:
Benzol, Alcohol, Ether, Chlorefomm, Acetic acid and nixtures of
all of them in various proportions. Orystallization from benzol
was most satisfactory snd yielded fine microscopien yellow erystals
with a melting point of 135% and charring at 146°C.

~ The gxperiment was rvaga&i:eé with the periocd of bolling
under the reflux chenged to two mimutes. A thick gum resulted.



The experiment was repeated and the period of boiling
der the reflux changed to five minubes. Agein & thick gum was

produced.
The experiment wes again repeated and the p&ﬂeﬁ of
| The process was Tepeated at all the above temperatures

ad to ten minutes and again a guws Tormed

e -

and acetisc acid used as an acidifying agent, 'mzi: almys wi'sh a gum
resulting g‘mm the pmeess, "

It was, therefore, aﬂnclaﬁed that beiling fer twenty
minutes, acidifying with zzydmehlarm aaiﬁs end re&ry&kallmiﬁg outb
of benzol would yleld the msximum yield of the yellow a.ﬁn&,‘

DOMINANT YELLOW META CONDENSATION PRODUCT

PROPERTIES OF THE FRE

%hen & small gzzan%my of the yellow product was dissolved
in 4ilute smiim hydroxide a deep red solubtion formed. Addition

of acid ‘aw ed the color to golden yellow and at the neutral pain’ﬁ

the original prmﬁact precipitated.

FORMATION OF THE ACETYL DERIVATIVE OF THE ?ﬁm ’YEZ&Q% META
CONDENSATION PRODUCT v

1.0 grs. of substance were @issolved in 5.0 sc's of acetic
anhydride and boiled for 2 minutes; s brown llquid formed which was
sd into eold water, when a yellow erystalline me terial preeipit-

aﬁaﬁ, which melted at 156°C and frothed at 157°C.

FOBMATION OF THE OXIME OF THE Pmsmm YELILOW META GGKﬁEﬁS&TI@%?
PRODUCT

0.5 grams of substance were disseclved in glacial acelic




acid and eonventrated nitriec acid added. The solubion changed fron
yvellow to green and on boiling the color changed to brown and then
to yal&ém, while brown nitrous oxide
ution was then cooled and dilute alkali added t1ll the solution
was neutral to litmus when a slight amount of creamy white erystals
precipitated melting at 68°C., When recrystallized the melting
point changed permanently to 98°C but most of the material was lost.
| The oxine m&i& ala@ be m rmad by boiling in alecholis
Jdkeline peroxide, but the ﬁsaii& was not improved.

fumes were evolved. 7The sol~

{3) ﬁ'}.ﬁ.ﬁﬁ% 25.5% ?&4:.9 n

calowlated - - = 9.,38%

Foand - ii} §=0.38% %gs‘% 745,2 min.
(2) B=0.3 % 21,0% 745.0 *»

Having verified the formation of the main yellow meta
condensation produst moted by Coke (4) it was next attempted to
isolate the by-product (C1 phenyl enthrenil.) | |

4s before mentioned whem the reaction mixturs was .

goidified s 1ittle brown red gum precipitated, and it was suspest~ : \\
ed that this might consist of an intimate mixture of the predomin-
ant yellow product end the €1 phenylenthranil or its isomer, before

nentioned {Th
Agoordingly the following

mﬁimﬁ disoussion).
gsot of experiments were




e

carried out to verify this assumption.

Condensation of meia chlor nitro benzene with benzyl cyanide .
in the presence of sodium sthoxide %o prepare Cl1 Phenyl emthranil

1 molar equivalent Benzyl cyanide 1.48 granms
i = n M Chlor nitro benzene 2,000 n
i = " Sodiun metal «243
| | 95% Alechol 20.0 eoels
The 0.243 grams sodiuy were dissolwved in the &1@@1&@1 and
added o the 1.48 gmm benzyl cyanide. 4 red solution formed o

ture was bolled  wunder z reflux condenser for fwo nminutes when a

meta chlor nitro benzens. The mix-

purple esloration was observed, cocled in ice and dissolved in
the minimum quantity of dry ether.

The ethereal solution was shaken up with consecutive
portions of dilute sodium hydroxide 111 the alkaline layer was mo
longer discolored. | \ |

The ethereal layer was then dried with anhy
sulphate for fwenty four hours, and the ether distilled off on a

drous sodium

- water bath.
'fhe residue was then ﬁimrmﬁ ina m- ;‘fv i

- quantity
. of enhydrous ether and allowsd to erystallize out in a veceunm
dessisator. - A gumuy residue remained. "

experiment was repeated and gbsolute alechol used

as a erystallization medium. ~ A gunmy vesidus again formed.
The experiment was repeated Ia'at the reaction mixi:um

reflmé for twenty minutes, end equal garﬁans of it treated wi‘kh

both ether and aleochol as erystal l,iza&:ian media, but again a gummy -

residue remained,



-

The experiment was then repsatedly performed, but the
sonditions changed in wvarious wayss For exsmple the mixture was

and the reastion

bolled for five,ten, fifteen and twenty minutes
mixture dissolved in alcohol md ether as erystallizstion medis
but & gumy residue. was produced each time.
- The experiment ms again repeated, but the eguivalent
qmtitiﬁs of reagents were ¢changed; but always & gum ms produced.
The gummy residues were then treated with alwlm

‘ zzotaah and the alkaliﬁa solutions, which turned green, were then
agidified. The green coloration ﬁisaygem& and minute guantities
of flaky oreamy material presipitated. |

The treatment was then conbtinwed %111 asbout 0.25 grams of
the ereamy flakes were agcumulated. These flakes had a meliing
point 115°C after repeated resrystallizations.

The sbove compound was then treated aseording to Bambupg=
ers (2) directions for the "umlagerung" af phenylanthranil to acrig-

one 88 follows:

A small quaatﬁzy‘af Tinely powdered substence was dissolv~
24 in two ec's of cold concentrated sulphuric aseid, by rubbing the
nizture in an ice bath, $ill | a elear syrup formed., Enough pow-
dered cold @ﬁ% nitrite was added to change the color of the mixé
ture and the whols stirred well in the ice bath. The whole react-
‘¢ was then allowed to stand for twenty-minutes after

ion :
which it was poured inte cold distilled waber.

. The resultent precipitate was then dissolved inaleohol |
ané reerystallized. It was found that an inbtense violst fluores-
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cence could be obtained, but only in agueous aleoholie solution,

- Condensation of alpha nitro naphiheline with benzyl oyanide in

t};a gmaem of sodium ethoxide

2 molsr squivalents alpha nitro naphthaline 3,486 grems
2 = d Benzyl cyanide : B.54 %
g2 " " Sodium metal C . 0.46 7
95% ethyl aleohol ' 20,0 ee's
 The 0.46 grams sodium metal wes dissolved in the 20 ce's
95% aleohol and the 2.34 grams benzyl oyenide added. The 3.46 grs.
alpha nitro naphthaline were then added and the mixture,which

turned a violet red, was boiled on the water bath mnder a reflux

. a dark brown.

condenser for itwenty minutes, when it turne
?Im reaction mixture was then cooled and diluted = &
grass green precipitate settled out. This was filtered off, dried,

 &nd reerystallized from benzene. The mother liq,narwas -ae—i&ifiaé

and & brown yellow pma;&;giﬁ%ﬁfkﬁ formed. This was filtered off,
dried and recrystallized from benzene. ’
The melting peint of the first precipitate was 3.??“3,
The melting point of the second preeipitate was 135%C,
‘The experinent was 'rey;a"a*gé& using varying equivalents
of the reseciing substances, wiﬁz varistions in ﬁzs times of
heating, but the results were similar.
The seeond preocipitate was produced in much larger
quantities than the first, and yielded an scetete and oxime, both

of which were viseid liquids ai normal temperatures.




The experiment was repeated, but the method of separa-
ting the reaction products were changed: That is the reaction
mixture after cooling was dissolved in a minimum guantity of ether
and trested with consecutive portions of dilute or '-@amn’émt&ﬁ
sod lum &y&r@xiﬁﬁ 111 the sodium hydroxide layer was no longer
&i;s‘;mi@weﬁ, At that point a heavy precipitalte of a dark red pre-
e¢lpitate formed, which when éisssal%ﬁ in water, decomposed and
.yiemeﬁ the brown compound,

The sodiwm hyémix&a loyer when acldified yialé;aé &
grass green precipitate similer to the green produet before mente
ioned. | ,

' The melting point of the Tirst (grass greea) is 177°C

The melting point of the second (yellow brown) 135%C.

The ethereal solution was dired with e
sulphate for 24 hours, ﬁz—a_aﬁhﬁf distilled ai“i‘ cm;' & water babh,
end the residue dissolved in anhydrous ether and allowed to reo-—
erystallize a dark brown gum formed. |

The experiment was repeated, using alcohol as a recrystal~

nhydrous sodium

lizetion medium, but again a gum formed.

CONCLUSIONS

‘It bhas besn shown that mets shlor nifro benzene will
~econdense with benzyl cysnide in the presence of sodium ethoxide
to form:

{1) A predominant yellow e¢rystalline compound similar %o the

condensation produet of orthe chlor nitro benzene and benzyl

gyanide.



{2) A secondary flaky ereamy yellow campound, whieh ¢an be change

to an seridone by mesns of the

lagsrung” of Bamburger,
(3) That alpha nitvo nephthame wWill reset with benzyl oysnide in a
o nal ' lor nitro benzene.

that of mets ohl
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{4} O« E. Coke "Phesis® - a private communication.






