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INTRODUCTION

Although nitration is one of the oldest reactions
employed in organic chemistry, relatively little is
known about its mechanism. Virtually no work has appeer-
ed on the mechenism of direct nitration of alkanes, and
even though a great number of papers which deal with
the nitration of arometic compounds and alkenes have
been published, the nature of these resctions is still
obscure. The following review will be confined to the
nitration of paraffin hydrocarbons, and will fefer to
other reactions only when it is necessary to elucidate.

Saturated paraffin hydrocecarbons have come to be
regarded as extremely stable compounds whioch are not
eagily attacked by chemical reagents, and although in
some mesaure this is true, it is probable that the
emphesis is unjustified. The fundamental difference
between satureted and unsaturated hydrocarbons is thet
the former yield only substitution products whereas the
latter may give both eddition and substitution products,
€eZe?

CHzeCHz+ Cly ———> CHg.CHp.Cl4 HC1
CHg= CHg+2Cly —> CH3Cl.CHpCl ——> CHg.Cl.CHClg+ HC1

The gaseous members of the series are the most re-
sistant to chemical action, but this attribute decreases

markedly with inorease in molecular weight,



The most stable members are those containing & quatern-
ary oarbon atom, in which one ocarbon atom is attached
directly to four other carbon atoms, whereas the most
reactive molecules contain a tertiary carbon atom. (i.e.,
a carbon linked directly to three other casrbon atoms.)
This property of tertiasry hydrocerbons probably accounts
for the fact that they are easily nitrated by dilute
nitric acid, giving & fair yield of tertiary nitro-
paraffins together with some primery and secondary.

when these tertiery nitro compounds are subjected
to the conditions of nitration ususally employed in
preparing the primeary nitroparaffins (conc. nitric acid-
gsulfuric acid mixture), a large proportion of the
tertiary compound is oxidized and thus destroyed. This
reasoning is in accord with Konawalow's (1) conclusions,

which are as follows:

l. Tertiary hydrogen atoms &re easily replaced
by nitro groups by direct nitration.

Ze Primary hydrogen atoms ere the most difficult
to replace.

3. Nitraetion precedes oxidation.

4, Oxidaetion ocours on the carbon atom to which
the nitro group is attached.

5. The rate of nitration and the rate of oxidation
increases with increase in the concentration of the

nitric acid.



As it was apparent that nitration of saturated
hydrocarbons involved the substitution of a nitro group
for a hydrogen atom, it was decided to conduct this
research in an attempt to clarify the mechanism of this
interchange. {iith this object in mind, the nitretion
of a representative optically active tertiary hydro-
carbon was tried, in order to determine whether the
product of replecement of the tertiary hydrogen by a
nitro group would be optically active.



HISTORICAL REVIEW

Nitration of Paraffinic Hydrocarbons.

Nisroparaffins were first produced in 1872 by
Vietor Meyer (2), who prepared them by the reaction
which bears his name:

R.I+AgNO, —>R.NOp + RONO +AgI

The mixture of alkyl nitrites and nitroparaffins was
easily separeted, since the nitrite esters boiled sbout
one hundred degrees (C.) lower than the corresponding
nitro compounds. In 1880 Beilstein and Kurbatow (3)
succeeded in obtaining mono-nitroeyclohexane by direct
nitration of a petroleum fraction, however, the nitration
of paraffin hydrocarbons was first studied in the years
between 1892 and 1907,

Konawalow (4) in 1894 reported a fair yield of
2-nitrooctane from the nitration of n-octene in & sealed
tube at 130° C. using dilute nitric aeid (sp. gr. = 1.075),
whereas Worstall (5) in 1898 obtained primary mono- and
di-nitrooctenes using a boiling mixture of concentrated
nitric and concentrated sulfuric acid for several days,
and in the same publication reports a 60 per cent yield

of nitreted produet by several days boiling of n-hexane

with concentrated nitric acid (sp. gr. 1l.42) ©Nitro

compounds heve also been produced by reacting paraffins
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with fuming nitric acid at 10° C. by Markownikow (6),
but under these conditions oxidation seemed to be
greatly facilitated. KXonawalow (4;7) prepared mono-

and di-nitro compounds from & variety of saturated hydro=-
carbons, and demonstrated that his method (sealed tube;
dilute nitric acid; temperature over 100° C.) was widely
applicable. From his results one may conclude that the
tertiary hydrocarbons (RzC-H) are most easily attecked,
giving fair yields of tertiary nitroperaffins. When
saturated hydrocarbons are nitreted, the nitro group
tends to attach itself to a tertiary carbon atom; if
such an atom is not present, a secondary rather than a
primary carbon atom is most amenable to substitution

by the entering nitro group. This fact is strikingly
shown in the nitration (8) of diisobutyl (2,5-dimethyl-
hexene), which yields a nitrated product consisting of
83 per cent of the 2-nitro (tertiary) compound snd 17
per cent of the l-nitro and 3-nitro derivatives.

CHg CH, CHg CHy

| | I |

X0,
The most difficult of all to nitrate are the queaternary
paraffins of the type R4.C, and use of this property has
actually been mede to separate these compounds from
the other paraffina (9).
In 1898 Francis end Young (10) drew up the follow-

ing postulates which express the order of reactivity of
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hydrocarbons with fuming nitric acid;

l. Aromatic hydrocarbons and the elkyl derivatives
of the cycloparaffins react at ordinary temperatures.

2, Tertiary peraffins (R;CH) react when heated
on the water bath.

3« Cycloparaffins and straeight chein or normel
paraffins compounds are slovwly attacked when hesated
on the water bath.

Direct nitretion of paraffins containing less than
five carbon satoms has recently (1936) been accomplished
by Hass (11) by employing & vapor phase reasction. The
method is quite simple and consists of paessing the geas-
eous hydrocerbon through boiling nitriec acid, then con-
ducting the geaseous mixture of pareffin and nitrie acid
through & spiral glass reaction tube immersed in & KNOz-
NaNOz bath heated to 350°-410° C., finally condensing
the mixture of nitroparaffins formed by pessing the
exit gases through a series of condensers. They report
yields up to 40 per cent nitrated product per pass when
using butanes. It is importent to note that in all the
nitretions carried out by these workers, the temperature
wes well above the critical tempersture of the reseting
hydrocerbon. Under these rather drastic conditions, the
resulting product is not solely & mixture of isomeric
nitroparaffins of the seme carbon content as the start-

ing material, but is made up of all the nitro compounds



which could be obtained from the theretically possible

free radieels that might be formed by less of hydrogen

or through carbon-to-carbon fission. The following teble

lists the free radicals possible from isopentane (2-methyl-

butene), together with the nitroparaffins which were

isolated from the nitration of this substance (12).

Possible
Free Radlcals

CH3.CH2.?H.CH2—

CHy

CHg. CH. Cllp « CHly-

CH3

CHz'CHZ'?'CHS

CH3

CHs.fH.?H.CH3

CH3

CH [ ] CHz‘

3

CHg.CH,,CH-CHg

2]

+CH.CH,~-
CH5 ? 2

CH3

CHy-

Correspondi
ﬁIfroparafI?n

CHgClip-CH. Clig . NOg

Clige CH.CHy + CHy . Oy

CHg
NOg
|
CHzo CHZ. C ] CH3

l
CHy

CHz.fH.?H.Cﬁs
NOpCHy

NOz

CHg
CHz.CH.CHy
|
KOg
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It was determined that about 50 per cent of the
yield from this nitration of isopentane consisted of
primery nitro compounds, with the remaining 50 per ocent
made up of secondary and tertiary derivatives, whiech
were present in about equal proportions. The reaction
was carried out at both 380° C. and 420° C., and the
average yleld of nitroparaffin wes about 17.5 per cent.
These workers (11) found that the use of catalysts gave
poor results: aluminum nitrate was ineffective: silieca
gel and platinum were found to promote oxidation. When
air or oxygen was introduced, oxidation was increased,
without apparently affecting nitration. Super atmospheric
pressure increased both the yield and reaction rete; e.g.,
at three atmospheres the yield was 15 per cent greater.

Poni and Costachescu (13) studied the effect of
acid concentration in the nitration of isopentane and
discovered that nitriec acid of specific gravity 1.075
t0 1.14 would only nitrete this hydrocarbon with difficulty
below 140° C., wheress acid of specific gravity 1.38 to
1.42 would attack the paraffin at 600 C., ylelding
oxidation and nitration produets. They obteined their
best ylelds, consisting of mono-, di-, and tri-nitro
derivatives, using l.42 acid at 60° Ce, With a molar
ratio of 1.5 parts acid to 1.0 part of hydrocarbon. With
the dilute scid at about 135° C. in sealed tubes, these
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authors report the tertiary nitro compound,

o
CHig. G CHp. CHg

NOg (I)

Whereas with the concentrated acid at 60° C. they obtained
(I),(II) and (III):

CHy CHgz
| !
CHgeC +CH. Oy CH.C. GH, OHp . N0
NO,NO, (1I) NOpNOp (III)

In 1894 Konawalow (14) reported thet nitration
of n-hexane in & sealed tube at 115°-120° c. using nitrie
acid of specific gravity 1.155 gave only a small yield
of nitro-paraffin, however, at 140° C. with acid of
specific gravity 1.075, he obtained a 60 per cent yield
of 2-nitrohexane, this structure being proved through
reduction with zine and acetic acid, which gave 2-amino-
hexane and 2-hexanone.

ClgeCH. Clg. ORlg. Ol ———— CHg. OH. CHg. Gl Gl CHg

NO, NHp
In contrast te this, when n-hexane is boiled for three
or four days with nitric scld of specific gravity 1.42
to 1.52 (15), & 60 per cent yield of nitrated product,
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prineipsally composed of l-nitrohexane, is obtained.

0ddly enough, the lower members of the series are water=-
white liquids, but l-nitrohexene is reported to be a light
yellow.

CHsoCH QCHZQCHzoCHzoCHa‘—————9 CHS‘CHZ’CHZ‘CH2°CHZ°CHS'N02

2
Vhen 2,7-dimethyloctane (diisocamyl) is nitrated

(16) by Konawalow's method, the product consists mainly

of 2-nitro-2,7-dimethyloctene (IV), together with some

2,7-dinitro-2,7-dimethyloctane (V):

CHg CHz CHg CHy

! i I |
CHSQ?Q(CHz)QCHoCHs CHa'f’(CH2)4'f.CH3

NO, (IV) NOg NOg (V)

This paraffin, like most saturated hydrocarbons contain-
ing two tertiary-carbon atoms, is attacked readily by
nitrie ecid at 20° C. Isomeric primary or secondary nitro-
paraffins which might be formed are easily separated from
the tertiary compounds by repeated extrection with alcoholiec
potassium hydroxide solution (16), the water-soluble pot-
asgium selts of the aci-nitro tautomers being formed.
Sinee there is no hydrogen on the carbon atom to which the
nitro group is linked, the tertiary nitroparaffins are
incapable of yielding the aci-nitro form, and ere there-
fore insoluble in alkali.

AOH  xon

Y _OK
R.CHZQN\ > R.CH= N\ ————)R.CHIZ'N\
0 0 0
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2,2-dimethyl butane (neohexsne), one of the

queaternary paraffins, cen be nitrated (17) with difficulty
to 2,2-dimet iyl-3-nitrodbutane

s e

CHS.?.an.CHs-————a cngif.?n.cns

CHz CHZNO,
The structure of the product was proved by alkaline
reduection with stannous chloride, which yielded the oxime

of pinacolone:

CHg "
CHao/C ocl;Ho CH3 —_— CH:B./C oﬁoCHS
CH3N02 CHaﬂ-OH

and reduction with tin and hydrochloric aeid, which gave
the corresponding amine, &,2-dimethyl-3-aminobutane:

e

——————> CH,;.C.CH.CH

CH,NHp
With an analogous compound, &,2-dimethyl pentane (neo-
heptene), Markownikow (18) obtained 2,2-dimethyl-3-
nitropentane by heeting for twenty-seven hours in a

gealed tube at 110°-115° C. with nitriec scid of specific

gravity 1.235.

?Hz ?H3
R, CH,NO,



This structure was proved by hydrolysis of the nitro-
paraffin with alkaline zinc chloride to the correspond-
ing ketone, 2,2-dimethylpentanone-3:

o .
CHso/co?Ho CH200H3 —— CHao?oCOoCHzo CH3
CH3NO, CHy

It is interesting to note that when he employed the cone
ditions (10 hours; sealed tube at 110° C.; acid of sp.

gr. 1.075) which are best for nitrating tertiary paraffins,
there was no trace of nitro compound formed from this
quaternary hydrocarbon,

From these examples it appears to be a general rule
that nitration of a quaternary pareffin hydrocarbon
(typified by the structure Rg.C) tekes place in such a
manner that the entering nitro group becomes attached to
the carbon atom next to the tertiary butyl group (CHz)szC-,

without rearrangement.

In 1905 Konawalow (19) showed that nitration of
3-ethylpentane (triethylmethane) by his procedure, employ-
ing dilute nitric acid in a sealed tube at 120° C., results
in the formation of a nitrated produet consisting of 57
per cent of the tertiary nitro compound, 3-ethyl-3-nitro-

pentane, and 43 per cent primary and secondary nitro com-

pounds.

(CHz.CHp) 3CH > (CH3.CHp)3.CeNOp
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The nitration of n-heptane has been studied by a
number of workers. Konawalow (20) reported the preparation
of 2-nitroheptane by heating in a sealed tube to 125° c.
with nitriec acid of specific gravity 1.075. According to
Worstall (21), n-heptane is much more easily nitrated
with nitric acid of specific gravity l.42-1.52 and the
boiling hydrocarbon than 1s n-hexsne. The reaetion pro-

ceeds as follows:
CHa. (CH2)5.CH:5 —> CHz. (CH2)5.CH2.N02, _—

Heines and Adkins (22), in & study of the nitrations of
& variety of hydroearbons, found that n-heptane was
quantitatively nitrated by nitrogen pentoxide at Oo Ce
The product decomposed when they attempted to distill it
at etmospheric pressure.

When n-octane is nitrated by the method of Konawslow
(23), employing dilute nitric acid (d=1.075) in & seal-
ed tube at 130° C., a fair yield of the secondary nitro-
peraffin, 2-nitrooctene, results. Nitration of this
hydrocarbon with & mixture of concentrated nitric and
concentrated sulfuric acids (24) at the boiling point of
the peraffin yields mainly l-nitrooectane and 1,l-di-

nitrooctane, whereas with fuming nitric acid oxidation
ocours.
Urbanski and Slon (25) have nitrated most of the

straight-chein hydrocarbons up to n-decane, employing



nitrogen tetraoxide in the vepor phase. The method is
quite simple: nitrogen tetrooxide gas is bubbled through
the boiling hydrocarbon and the mixed vapors conducted
through a glass reaction tube maintained at 100°-200° C.
The nitration products are condensed a&fter removal of
excess nitrogen tetroxide with cold air, and fractionated
in vecuo. By this procedure these authors obtained
mainly primary nitropareffins, both mono- and di-nitro,
together with some secondary derivatives, all of which
were characterized by reduction to the corresponding
eldehydes or ketones with zinc and acetic acid. The

principal reaction may be represented as follows:

2 CHge (CHp) +CHy+4N0; —> 2CHgz. (CHp)y+CHp.NOp

They report yields of from 30 to 80 per cent nitrated
product, depending on conditions. The ratio of mono-
to di-nitroparaffin was usually about 60/40; thus,
nitraetion of n-pentane, n-hexane, n-heptane,n-octane,
and n-nonane gave mono-and di-nitro derivatives epprox-
imately in these proportions,

The branched cheain isomers of the higher members
of the series have been nitrated by several workers,and
in every case where & tertiary carbon atom (Rac-H) wag

present a good yleld of the tertiary nitropareffin was

obtained. The nitration of 2,5-dimethylhexane (diisobutyl)
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resulted primarily in the formation of the tertiary
2-nitro-2, S5-dimethylhexsne, a yellow oil. Konawalow
showed (27) that reaction of 2,6-dimethylheptane with
dilute nitric seid (d=1.075) in a sealed tube at 120° C.
yields a nitrated product consisting of 60 per cent
tertiary nitroparaffin and 40 per cent a mixture of the
primary and secondary isomers. When nitric eoid of specific
gravity 1l.11 was used, a fair yield of the tertiary di-
nitro product, 2,6-dinitro-2,6-dimethylheptane, was found:

cit ci CHg CHg

This product (VI) is a white, erystalline solid, melting
at 74°-750 C. The seme worker (27) studied the nitration
of 2,7 dimethyloctane (diisoamyl), &an analogous compound,
It was demonstrated that when concentrated nitric acid
(d=1.38) was used, a great deal of oxidation took place;
utilization of progressively weeker &acid required longer
heating but gave much better results: a better yield of
nitropaeraffin, less oxidation, fewer polynitro compounds.
With acid of specific gravity 1.070 in & sealed tube at
110° C., Konawalow obtained a good yield of 2-nitro-2,
7-4imethyloctane.
Lo e A
CH5.CH.(CH2)4.CH~CH3 —— CH3-?.(CH2)4.CH.CH3
NOg



In this same nitration study it was discovered that used
acid and recovered hydrocarbon reasct more quickly than
does the fresh material. The author reports that use of
aluminum nitrate as a catalyst is of value. This salt

(A1 (N0 3.9H20) or bismuth nitrate (Bi(NOgz)s.5Hg0) when

3)
used a3 nitrating agents in open vessels yield mainly
primary and secondary mono-nitro compounds.

Worstall (28) reports the nitration of nonane,
decane, hendecane and dodecene with nitrie acid of specific
gravity 1.80. He was able to separate the mono- and di-
nitro compounds by steam distillation. Nitrononane was a
pale yellow oil.

The method of Konawalow is specific for nitrating
paraffin hydrocarbons. For example, when o-xylene is
heated to 110° C. with dilute nitrie acid (d.=1.075),
nitration of the aliphatic gide-chain takes place with

the formation of ortho-tolyl nitromethane, & primary

nitro compound (29):

CHgz CHg

There is no nitration of the aromatic nucleus. Dilution

of the nitrating acid with acetic acid gives the same effect,

Nitration of the Cycloparaffins.

The saturated five and six-membered ring hydroecarbdons

are attacked by nitric acid, ylelding oxidation products

end nitro compounds. Fuming nitric acid vigorously
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oxidizes the eycloparaffins (30) at temperatures above

0° C., whereas with dilute nitric acid at tempersatures
above 100°.C, nitro compounds are formed. As in the cese
of the acyclic paraffins, nitretion of the slicyclic
saturated hydrocerbons proceeds in such a way that the
entering nitro group has the greatest tendency to become
attached to a tertiary carbon atom, although secondary
and primery derivatives are also formed. The alkyl
derivatives of cyclopentane are more easily attacked than
the corresponding cyclohexane homologues.

Markownikow (31) reports that methyl cyclopentane
is not sttacked in the cold by & mixture of concentrated
nitric and sulfuric acid, But ocan be nitrated with
dilute nitric scid (d.=1.075) in @ sealed tube at 115«
20° C. to yield the tertiery l-nitro-l-methyleyclopentane
as the masin product, together with some B-nitro-l-methyl-

cyclopentane:

sz ?Hﬁ fHa
CH CH CH2 Ho CHg CHNOg
| 2 | 2 —3 | | © ena | I
CHp CH2 CHp CHz CHB—-Cﬁz

These products, which were also reported by Nemetkin (32),
cen be reduced to the corresponding amino-derivetives

with tin and hydrochloric acid.
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The nitration of cyeclohexane (33) by Konawalow's
method yields mono-nitroeyclohexane. In 1910 Nametkin (34)
nitrated this hydrocerbon using aluminum nitrate (Al(NOgz)gz.
9Hp0) at 110°-115° C, instead of nitric acid, and obtain-
ed &8 mono-nitrocyclohexane as the chief produect, together
with cyclohexanone and dinitrocyclohexane. This s&alt
gives the equilibrium concentration of nitric acid at any
temperature above its melting point, (90° C.) which of
course remalns constent as long as any of the salts remains.
The weight of the aluminum nitrate used was three times
as great as thet of the eyclohexane, and a 56 per cent
yield of nitrated product was reslized, being better thean
thet obtained with dilute nitric acid.

The reaction between methyl ceyclohexeane and nitrie
acid was studied by Merkownikow (35), whe found that
fuming nitric acid vigorously oxidized this naphthene,
although it wes unattacked by mixed acid (cone. HNOz -
econc. H,S0,) up to 80° C. The sealed tube nitration,
using nitric acid of speeific gravity l.Z, gave & 58 per
cent yield of nitrated product, composed of mainly the
tertiary (VII) isomer, together with some primary (VIII)

and secondery(IX):

CHy CHy ?Hz.NOz
\\\\\c ////CH ///,
N Neny \\\CHZ

CHp CHp CHp cnz

| | |
(llHB CHZ CHy CH.NOg CH2 /CHZ
\CI{ VII \CHZ/ IX VIII



Nametkin (36) reports the formation of the ssme products in
72 per cent yield from nitration of methyloyeclohexane
with ealuminum nitrate.

Relatively few of the more highly substituted eyclo-
paraffins have been nitreted. Konawalow and Jebenko (37)
reacted p-methane with dilute nitric gc¢id (d.=1,075) in
e sealed tube and obtained a nitrated product consisting

of 79 per cent tertiery and 29 per cent secondery nitro

compounds.,
CH CH ¢ —NO
% 2
cHp \CHz_ CH, e CHy \cnz
ICH2 /LHz Tiey (|:H2 /énz snd !IHZ /C|2Hg
\CH \c':H \?H
[
CH C— NO C—NOp
N CH/ \CH CH/ \c
CH, CHg 5 5 5 Hy

In 1902, Konawalow and Kikine (38) reported the nitration
of camphene. This work was carefully repeated in 1915

by Nametkin (39), using dilute nitric acid in a sealed
tube at 145-50° C. The nitrated product consisted of

two stereoisomeric nitrocemphanes which were separsted
by fractionel oryastallization. The reaction mey be

represented as follows:
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CHg
|
CHZ CH2
CH CH
2 2
I
H
campheane
iHs <|:H3
C
H NO
CH/ \C/ CH2/ \C, o
2 N\ N
NOg H
I CH;.CoCH, -’_ I CHgaCoCHy
CHy CHg CHp CH,
' |
H H
o( - nitro (3 - nitro
camphene camphene
M. pt. = 128°-130° C. M. pte = 1469-147° G.

It is significant thaet none of the tertiary isomer was

obtained.



THEORETICAL DISCUSSION

The Mechanism of Nitration of Paraffin Hydrocarbons.

Although & large amount of work has been completed
purporting to show the mechenism of the nitration of
aromatic hydroecarbons, this reaction is still not eclearly
defined. The nitration of aliphatie hydrocarbons has
not been nearly so thoroughly studied, and the mechanism
of this reesction is obscure. This discussion will be
confined, for the most part, to nitration of saturated
hydrocarbons, and will refer to other reactions only
when that resource is necessary for clarity.

Since most nitration reasctions employ nitric acid
in one of several mixtures, it should prove imstructive
to review some of the important properties of these
reagents. Nitric acid can function both &s an oxidizing
and nitrating reagent, and these properties are depend-
ent on concentration and temperature, both reactions
being accelerated by the presence of nitrogen oxides.
From these facts 1t is evident that nitration will be
limited only by ease of oxidation of the substance to
be nitrated. In the case of aliphatic compounds,
temperature appears to be more importent than coneentration,

the reverse being true in the nitration of aromatie

moleculese.

Dilute nitric acid exhibits poor nitrating ection

and strong oxidizing properties toward aromatic compounds,
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whereas the oxidetion-resistant paraffinic compounds are
nitrated with this reagent, tertiary hydrocarbons (RzC.H)
being most reedily attacked. These facts attain greater
significance when it is remembered that the neutral
galts of nitric acid show little or no oxidizing action,
though the free acid is & strong oxidizing agent.
Investigation (40) of absorption spectre in the ultre-
violet has disclosed the following facts:

1. The absorption spectra of dilute nitriec acid
and of its neutral salts are identiecal.

2. The absorption bands of concentrated nitrie
a6id and of nitrate esters are the same.

3, The absorption spectra found in (1) is different
from that found in (2).

4, Nitric acid of medium concentration exhibits
both absorption bands.
From these faets it mey be deduced that the structure
of the nitric acid molecules in dilute and concentrated
golutions is not the same. According to Brunetti and
Olleno (41), & study of concentrated nitric acid by
means of the Remen effect shows that the molecular form
HO.NOo is present. Since gaseous nitric acid exhibits
the same absorption band as does the concentrated acid,
it is evident that the concentrated form 1s undissociated.

Structures may now be assumed (42) to explein these facts,



(X) explaining the properties of dissociated dilute acid,
and (XI) those of the undissociated concentrated form:

(H) (NOg) (HO.NOZ)

X XI

Both of these forms are found in acid of medium eoncentration,
and hence concentrated nitric acid is a rather neutral
complex, whereas the dilute meterial is a true acid.
Hantzsch has also shown that the concentrated nitric scid
is a mixture of the following forms:

a. Pseudo-acid HO.NOg

b. Nitronium Nitrate (HO)3N(N03)2

¢. Hydroxonium Nitrate (H50)(N03)

d. True acid HNO4

e. Dissociated true acid (H )(NOB)

As would be expected, the relative concentrations of

(d) amd (e) vary in the same direction when the concen-
tration is varied, and the ratio of (a) to (d) decreases
with decreasing concentration of acid.

From these facts it is immediastely evident that
the acid concentrations most favorable to nitration of
the paraffinie¢ hydrocerbons (d4.=1.075 to l.l; containing
13 to 17 per cent nitric acid) are those which contein
true nitriec acid in the dissoeiated and undissociated
forms, with little if any pseudo-acid present (32 per
cent scid contains only 2 per cent HO.NOg). Therefore

one or both of these forms is most likely to be reponsible



for the actual nitration, since nitric acid of specifie
gravity 1.075 is only 73 per cent dissociated or ionized
at 25° C. (43). Usenovich (44) has expressed the view
thet the nitration of aliphatic compounds is due to the
nitrate anion, one of the possibilities which follows
directly from the above discussion. This fact was
anticipated by the author and an attempt was made to
effect the nitration of 3-methylheptane with a solution
of barium nitrate at 135° C. without success. Therefore,
since neutral salts of nitric acid exhibit little or no
oxidizing or nitrating action, and sincee dilute nitric
acid (which, however conteins the undissociated true
acid) has been shown to be eccbive in both of these funec-
tions, it is probable that the nitrating and oxidizing
agent present is actually the undissociated true acid,

HN03.

This arguement is, of course, invalid in the case
of nitretions employing concentrated nitric acid, for
in these reactions the acid may consist of &s much as
100 per cent of the pseudo-acid, HO.NOg, and it is
likely therefore, that this form is the true nitrating
agent. However, it has been shown in the historical
that in the case of progressively more concentrated
nitric acid (13) the tendéncy is toward formetion of

primary and secondary nitro compounds, whereas dilution

of the nitrating reagent appears to effect direction of

the entering nitro group towerd tertiary carbon atoms,
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of the type Rg.CeHs It is probable that this effect is
due in part to the nature of molecular structure of the
actual nitrating reagent and that primary hydrogen atoms
are more easily replaced by the pseudo-acid HO.NOE, where-
as the tertiary carbon atoms react better with the undis-
soclated true acid molecules, HNOS. Usanovich (44) heas
suggested that due to the amphoteric mature of nitric
acid (45,46), the nitrating egents in & mixture of con-
centrated nitriec and sulfuric acids are the ce&tions
NO(OH)z and N(OH)z . It may be argued that in nitrations
employing dilute nitric acid, the true nitreting agent

is the nitrogen tetrexide (NOp or Nz0,) formed from the
nitric scid through an initiasl oxidation of the hydro-
carbon. This view is upheld by the work of Urbanski and
Slon (47), in which these suthors effected the nitration
of paraffin hydrocarbons in a vapor phase reaction using
nitrogen tetroxide at 100° to 200° C., &s has been shown,
however, (see pages 13-14 of Historicel) this method of
nitration results meinly in the formation of primary
mono- and di-nitro products, in contrast to Konawalow's
dilute-acid, sesled tube method, which yields primerily
tertiary and secondary nitro compounds. Further, if

Noz is the actual nitreting agent operative in the sesaled
tube reesction, it would be expected that the opening of

the tube would release the characteristic red-brown fumes
of nitrogen tetroxide. In none of the nitrations carried

out in this manner by the author were these gases noticed,
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The significence of the formulae assumeé for true
nitric acid and the pseudo-acid is as follows:; 1in the
case of the true saeid, HNOz, the proton or hydrogen
nucleus is pictured as being attached or bound electro-
statically to the whole nitrate anion (NOz); for the
pseudo-acid (HO.NOZ), this hydrogen nucleus is believed
to be attached through sharing of two electrons with one
of the oxygen atoms, i.e., by means of covalent bonding (48).
One suggestion for the mechanism of nitration (49)

is that the substitution involves direct metathesis:

R.H +HO.NO, —> R.NOp+ HOH
This , of course, is the over-all effeet, but it fails
to explein the electronies involved. MeCleary and
Degering (50), in attempting to elarify the vepor phase
nitretion of paraffin hydrocarbons (11), postulate the
formation of free radicals. These workers at first held
the view that, since nitrie aeid vapor is completely de-
composed at 250° C. into nitrogen dioxide (NO), nitrogen
tetroxide (NO,), water eand oxygen, and because the nitra-
tions were carried out at 380° to 420° Ce, the actual
nitration wes accomplished by either NO or NOge Therefore,
they reasoned, since the nitrogen tetroxide moleoule con-
tains an odd eleoctron (emd therefore is a free radical),
collision with a free radicel would result in a stable
compound. &An attempt to prove this, employing tetraethyl

lead &8 a source of free radiozls resulted usually in an

explosion, which these authors believe due to the form-



ation of ethyl nitrite:

The suthors explain that probably et the rate of passage
of the mixed gases, the nitric acid molecules react with-
out decomposition, and thus the following equations would

explain the formation of the products obtained:

Pb(C,Hg) , ——> Pb+4CoHze
CoHge +HO. ———> C,Hg0H

02H50H +HONOp ———> CzH5ON02 +H20

411 the olefins which would be expected from the free
radicals which could be formed by oleavage of & carbon-
hydrogen bond or fission of a carbon-carbon linkage were
found in the exit gases from nitration of propane, butane,
pentane (51) and isopentene (52). To explain these facts,
McCleary and Degering postulate the following mechanism:

RsH + free radicel or oxidizing agent —>R. +7?
Re +HO3NO;—> RINO, +HO.
R{H-+HO., ——> R.+HIO0H

However, although this explanation satisfactorily acoounts

for all of the products, it 1s &t once evident that its

pleusibility is dependent on the formation of free radicsals



from the hydrocarbons employed. Since these paraffins
are more stable than the nitric aeid vapors ab 400° c.,
which, as the above authors have pointed out, are totally
decomposed at 250° Ce, it does not seem reasoneble that
the hydrocarbons should dissociate into free radiocals

and react with the HONO, molecules before these osn de-
compose.

In 1939, Ewell (53) proposed intermediate activated
complex formation in hydrolysis, chlorination, nitration,
sulfonation, amination, and alkylation, basing his arguments
on thermodynamic grounds. As an exsmple, in the vapor
phase reesction between &n alcohol and hydrogen chloride,
he postulates the initiel formation of an activated molec-
ular complex between the alecohol and hydrogen chloride
units, which then could decompose to give either the orig-
inal meterials or the alkyl halide plus water. This may

be illustrated as follows:

R.0H +HC1 —> (R.0OH).(HC1) —> R.C1 4-HOH

activated intermediate

If this mechanism is now applied to vapor-phase nitration,
essuming that the activated complex may decompose in
geveral different ways, all the produets obtained can be
acoounted for without the above discrepancy. For example,

the nitration of ethene might then be pictured as below:
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CHz3CHz +HOtNOp ——>
(CH3:CH3).(H0:N02)
activated intermediate complex

e T

CHS:CHZ.Noz CH33N02 CHz$CHg
<+ HgO + CH3.+H0. + H. +HOINOp

At present this appéars to be the most logical mechanism
for vapor phase nitration.

The strong eleotron-release properties of tertiary
carbon atoms are well known, and since nitration of tert-
iary hydrocarbons employing dilute nitriec acid (8;10)
yields maeinly tertiary mono-nitroparaffins, it is probable
that this characteristic is very important. When substit-
ution takes place, i.e., when a hydrogen atom is replaced
in a saturated hydrocarbon, there are three possible
gstructures which this replaced hydrogen maey &assume:;

() It may be released as a proton, or hydrogen
atom stripped of its electron. RgzC:!H ——>RzCI+4-H

(b) It may be released as a hydrogen atom.

RzgCeH —> R3C. + He

(¢) It may be released as negative hydrogen i.e.,

& hydrogen atom containing one excess electron and beare
ing a unit negative charge. RgCIH —> RzC-+-HS
If in the nitration reaction, the hydrogen is released as

in (&), then it is evident that the original carbon atom



must retain the two covalent electrons, and will have an
electronic octet, the normal configuretion, although it
embraces in this case an unshared pair of electrons. This
seems improbeble, since as hes been expleined above, the
tendency for a tertiary carbon atom is to release the
attached grouping with the covalent electrons.

The possibility listed in (c¢), of the removal of
hydrogen as a negative ion, is unlikely in these nitrations
for the following reason:

It has been shown (see page 12 of Historical) that
the nitration of quaternary peraffins (R4C) occurs in
such & manner that the entering nitro group tends to be=
come attached to & carbon eatom in the alpha-position with
respect to the quaternary carbon. For example, the nitration
of 2,2-dimethylbutene results in the formetion of 2,2-di=-
methyl-3¢3 nitrobutane (54):

(CH)SC.CHP‘.CHS > (CHg)gC.CH.CHz
NOg

If (e¢) were sorrect, then according to Whitmore's (55)
mechanism for rearrangement of neopentyl systems ((CH3)3.
CHp-) the product obtained would consist mainly of 2,3-
dimethyl-2-nitrobutane:
7 -(H:) *
(Cﬂg)z.?.CH.CHS _— [(CHa)g.f.CH.CHs]
CH3 CH3



CHz
intramolecular I
rearrangement N (CH3) 5+C.CH.CHy
shift of (CHgz:) *
+(:N0, ) S5 (CHs)z.(II.CHo(Cﬁz)g
NOg

Since none of the rearrangement produet is obtained, and
since the open-sextet mechanism of rearrangement as illus-
strated above hes been fairly well substeniated, it is
improbable that the hydrogen is released as a negative
ion, with both the covelent electrons, for then the
nitration product should be primarily 2,3-dimethyl-2-
nitrobutense.

The only remeining possibility (b), in which
hydrogen is removed as an etom or free radical, at first
seems unlikely since the author obtained levo-3-nitro-
3-methyloctene by direct nitretion of levo-3-methyl-
octane employing the sealed-tube dilute-acid method of

Konawalow (56).

?Ha CHz
NOa
levoretatory levorotatory

3-methyloctane d-nitro-3-methyloctane
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This appears improbable because an isolated organic free
redical should assume a planar configuration and hence
an inactive product would be expected (57). However, an
inversion mechanism, similar to that involving ions, need
not cause racemization, for the free radical would not be
isoleted (58,59). By this mechanism, the entering nitro
group would approach the face of the tetrahedron opposite
the hydrogen atom, and become more or less firmly attached
there, forming the activated intermediate complex pre-
viously discussed. By & small shift of the nucleus, the
esymmetric carbon atom becomes the center of a new invert-
ed tetrahedron, and there is no racemization. This may
be represented as follows: (NOp, is used instead of HNOgy
for the purpose of simpliocity)
R Ry Ry
NOp + RBSC:H —>| (0gN.) RzQC:H —> OzN:CiRz + H.
Ry R3 Ry

This mechanism is in accord with the fact that nitration
of & biecyeclioc compound such as camphane (60), which con-
tains a tertiary carbon atom at the bridge-~head, yields
none of the expected tertiary nitro compound, but instead
gives only secondary products. (see pages 19,20 of Hist-
orical). As is eassily seen, & resction involving en in-

version mechanism is impossible at this tertiery carbon,

since the tetrahedrel face opposite the atteched hydrogen
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is protected by the second ring.

Further induetive evidence for the theory of inter-
mediate complex formation lies in the faet that from the
formation of an isolated orgenic free radical from 2,2~
dimethylbutane of the type[}CHg)zc.CH.]one would expect

L.
both eyclic and coupling produets, since in the case of
free radical formation from l-chloro-2,2-dimethylpropane
(neopentyl chloride) through reaction with metallic sod-
ium, Whitmore reports the products to be 2,Z-dimethyl-

propane (neopentene), 2,2,5,5-tetramethyl-hexane (di-

neopentane), and 1,l-dimethyl cyoclopropeane (61), thus:

o CHz fﬁs Ol
CH3.(|3.CH2.C1 CH3.(I3.(CHz)z.f.CHa-l-CHg.?.CHa
CHS CHgy CH3 CHg
13% 36%
CH
+
CH;— C(CHz)p
25%
Conclusions.

From the forgoing deductions it 1s concluded that
nitration of paraffin hydrocarbons by means of dilute
nitric acid most probably proceeds in such a manner that
the nitretion is accomplished by undissociated true nitriec

acid (HNOS) through the medium of en activated intermediate

complex between the molecules of acid and saturated hydro-



carbon. This intermediate is formed by attechment of
the 15[1\10:3 to the "face-centered bond", the tetrahedrsl
face of the carbon atom opposite the hydrogen to be re-
placed, and its decomposition is marked by the formation
of hydrogen atom end an attached organic "free®™ rsadicel.
At the time of release of the hydrogen atom, the HNOg
portion of the complex gives up an (HO.) fragment, which
probably combines with the hydrogen atom, forming water,
and the hydrocarbon residue of the complex undergoes in-
version with the formation of & stable nitroparaffin.
Thus it is possible for mitration to occur on the asyme
metric carbon atom of an optically active tertiery hydro-

carbon without racemizabion, resulting in the formation
of an optically active tertiary nitroparaffin (62).
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EXPERIMENTAL

1. Prepsration of 3-Nitro-3-Methylheptane.

a&. Preparation of 3-Methyl-Heptenol-3 (63)

o
+C.CHy.CHy.CHp. CHy
|

OH

A mixture of 125 gms. (5.1 moles) of magnesium
turnings and 750 ce. of enhydrous diethyl ether was placed
in a five liter round-bottomed flask equipped with a
trident holding & mercury-seal stirrer, a water-cooled
Friedrich condenser and a 500 cc. dropping funnel.
Stirring was begun and a solution of 685 gms. (5.0 moles)
of n-butyl bromide (redistilled; b. pt. 99°-100° C. at
760 mm.) in 800 cc. of anhydrous diethyl ether was added
over & periad of 2% hours at such a rete to maintain a
vigorous reflux. It was found necessary to keep the flask
immersed in an ice-water bath to prevent flooding of the
condenser, the solution turning black almost immediately.

The reaction mixture was allowed to stand for
twelve hours after reaction was complete, when & solution

of 350 gms. (4.9 moles) of redistilled (b. pt. 79-80° C,
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at 760 mm.; obteined from Eastmen Kodak Co.) methyl ethyl
ketone in 250 cc. of anhydrous diethyl ether was added
slowly over & periad of three hours to the stirred resasct-
ion mixture, whioh was cooled in an ice-water bsath.
Stirring was continued for an hour after addition wes
complete, and the reesetion product decomposed on ice, dis-
solving the precipitated magnesium hydroxide by addition
of dilute sulfuric acid. The ethereal layer weas separated
and combined with the ether extraots of the agueous layer
end this solution dried over-night with anhydrous potass-
ium carbonate, filtered, and the ether distilled off. The
residue was then transferred to a two-liter round-bottomed
flask attached to frectionating column RWS, and the pro-
duct fractioneted under reduced pressure. 450 gms. of

2-methyl heptanol-3 were obtained.

Yielde=-=om=-m= 450 gms. or 70%

Be DPto==--- ~-==649-59 C, at 16 mm.
AR 1.4280

DB ommmmm e mm e 1.4269

b. Dehydration of 3-Methyl Heptanol-3

CHy
| Ip

OH



In & 300 ce. round-bottomed flask was pleced a
mixture of 390 gms. (3.0 moles) of 3-methyl heptanol-3
(see p. 35,36.) and 0.2 gms. of iodine, the flask then
being attached to column RWS end placed in an electrie-
ally heated air bath. A mixture of octenes and water was
collected at 909-110° C. over a period of 32 hours, the
iodine being renewed three times. The mixture of isomerie
octenes was separated from the aqueous, washed with dilute
sodium carbonete solution, and dried with anhydrous pot-
assium carbonate. The product was then filtered, trans-
ferred to a 500 cc. round-bottom flask attached to column

RWS and fractionated at atmospheric pressure.

Yield~eccomcanna 251 gms. or 75%
Be Phecomeccenaea 1209-123° C. at 762 mm.

c. Preparation of 3-Methylheptane. (63,64).

CHg
Pt. |
mixture of octeneg—m> CHaoCHaoCHQCHzoCHBOCHzoCHz
Hg

The mixture of isomeric octenes obtained as on page
36,37 was hydrogenated catalytically in & Burgess-Parr
hydrogenation apparatus, using Adams=-Voorhees platinum
oxide catalyst and glacial acetic acid as hydrogen accept-
or at from 2 to 3 atmospheres hydrogen pressure, employing
an electrically-heated hydrogenation bottle devised by the

author. The 251 gms. (2.25 moles) of octenes was reduced,

in 0.5 mole portions employing the following procedure,



38

which was found to be most effective:

The empty hydrogenation bottle was heated to 80° C.,
a mixture of 0.5 moles (56 gms.) of octenes and 0.5 gms.
of freshly prepered platinum oxide catelyst introduced,
the bottle then being swept with hydrogen gas, and the
catalyst reduced to colloidal platinum (10 to 15 minutes).
The bottle was then opened and 10 cc. of glacial acetie
acid added, flushing repeated, and reduction sterted with
pressure initielly at 3 atmospheres, it never being allow-
ed to decrease more than 10 pounds. The reaction was
exothermic, and the temperature would rise to 90° Ce,
finally returning to 80° C. ihen this method was employed,
absorption was always complete within 40 minutes. The
heating and shaking was then discontinued, the bottle
ellowed to cool, pressure released, and the mixture filt-
ered by decantation. The hydrogenated product was then
tranaferred to & 500 ec. separatory funnel and treated
with a solution of potassium carbonate to remove the acetic
acid, after which it was shaken for at least 30 minutes
with a strong squeous solution of potessium permanganate
to remove any resikdual olefins, decomposing the excess
KinO, and precipitate of MnO, with & solution of sodium
bisulfite. The hydrocerbon was then washed twice with

water and dried over anhydrous potassium carbonate.

In this manner all of the prepared olefin was

hydrogenated, eand the produets combined and fractionated
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from metellic sodium through column RWS at atmospheric
pressure (765 mm.), collecting 180 gms. (1.6 moles) of

d-methylheptane,
Yield-----cnceue 180 gms. or 70%
Be Ptemmmmmm=mam 119.0°-119,3° C. at 765 mm.
R 1.3982

d. Nitretion of 3-Methylheptane - General Technigue Employ-

ed in Nitrations.

In every case where Konawalow's method (27) wes
used, the following proaedure wes employed:

A mixture of 5 gms. (0.044 moles) of hydrocarbon
and 60 cc., of nitric acid (d. 1.075) was placed in a 50-60
cm. heavy walled pyrex bomb tube, which was then sealed
and inserted in a rheostat-controlled electricelly-heated
bomb furmace, constructed in such a way that constant
rocking motion was imparted by an electric motor. The
mixture was allowed to react for 12 hours, after which
heeting was discontinued, the furnace allowed to cool, end
the bomb opened by spot-heating with an oxygen hand-torch.
The pressure developed within the tube served to blow a
smell hole through the softened glass, releasing the press-
ure. The tube end wes then 4rewn out in an oxygen flame,
broken off, and the produet removed with a long micro-
pipette. The originally colorless hydrocarbon layer was
then 1light yellow, and was extracted twice with water, and
wes then dried over anhydrous sodium sulfate, filtered, and
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fractionated under reduced pressure through column BJS.

It was discovered through triasl and error that the
best yileld of tertiesry nitroparaffin was obtained when the
temperature of the bomb furnsce was maintained at 130°-125°
C. Practicelly no nitration product was found at 110° C.
Usually three nitrations were run, and the produets combine-
ed prior to purification. A representative case would be
as follows:

sz

CH,
I
CH3.CHZ.?.CHZ.CHZ.CHZ.Cﬂs

NO,

From 15 gms. (0.13 moles) of 3-methylheptane (see p. 37,38),
afber nitretion and purification as above, was obtained 5.6

gms. (0.04 moles) of pure 3-nitro-3-methylheptane.

YielQemwmmmmmanean 5.6 gms. or 31%
Be Plem=cmommcomn= 889-89° C. at 13 mm.
nEO e 1.4320
1 0.9361
Nitrogen (Dumés)---~---=-= 846%,8.9% (found)

8.8% (calculated)

Several open-vessel solvent nitrations employing

glacial acetic eacid as a diluent in place of water for the
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nitric acid, both with and without aluminum nitrate, were
tried, with poor results. The best yield obteined was 0,9
gms. of the nitroparaffin from 10 gms. of saturated hydro-
carbon, with recovery of 7.5 gms. of the starting material.
This method seemed to increase the amount of oxidation
greatly, since volumes of brown nitrogen tetroxide fumes
were evolved; the temperature was maintained at 105°-110° ¢,
The presenve of the salt (A1(NOgz)z .9Hg0) was found to

favor oxidation.

2. Preparation of dextro-3-Nitro-3-Methylheptane.

(a.) Preparation of dextro-3-Methylheptane.

CHg
| zine amalggm
CH .CH .CH.CH oCH OCH QCH oBr —
% 2 e 2 2 2 l/l HOL
dextro

CHy
|

dextro

Preparation of amalgam: In a 250 cc. Erlenmeyer
flaesk was placed a mixture of 90 gms. (1.25 moles) of zine
dust and 90 cc. of a & per cent solution of mercuric chlorids,
the flask then being heated for one hour on the ateam cone
with fregquent sheking. The zinc amelgam was then collected

on @& Buchner funnel and washed thoroughly with cold distilled

water,



Reduction: A mixture of 100 gms. of zinc amelgam
(1.3 moles), 50 ¢ec. of 1/1 hydroechloric acid, and 8.5 gms.
(0.042 moles) of dextro-3-methyl-7-bromoheptane (obteined

from Dr. P. G. Stevens; refractionated, collecting at 75°-

24
D

placed in a 200 cc. round-bottom flask attached to & Fried-

76°C. at 13 mm; (M), 4.7° C., about 1/3 resolved) was
rich reflux condenser, and refluxing begun., At the end

of each hour 10 oc. of concentrated hydroehloric acid were
added, until & totel of 75 cc. had been used. Refluxing
was continued for 14 hours, the mixture cooled and the
liquid decanted into a separatory funnel, extracting the
residual metel twice with 25 cc. portions of ether, this
being then transferred to the separatory funnel together
with an additional 25 c¢e., and the aqueous layer extracted
and discarded. The ethereal solution was then washed with
dilute potessium carbonate solution to free it of acid, the
layers separated, and the ether dried over anhydrous sodium
sulfate.

The etheresl solution wes decanted through a filter
paper into 125 cc. flask attached to column BJS, and the
ether fractionated off; the flask was then changed to a
25 ec. size, and the residusl liquid fractionated at atmos-
pheric pressure, collecting 2.8 cc., of 3-methylheptane at
118°-119° ¢,

Yiellmmmmomacm=—- 2,0 gms. or 43%
Be Ptemmemmmmaaa= 1189-119° ¢, at 755 mm.
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e 0.7095
( )]234 ------------- +2.54° (homogeneous)
e +2,90°

(b) Nitration of dextro-3-Methylheptane.

The 2.7 cce. 0of dextro-rotatory-3-methylheptane pre-
pared as on pages 41 and 42, was diluted with 8.1 cc. of
dl-3-methylheptene (p. 37,38), giving 7.6 gms. of optically

active hydrocarbon.

(o )12>4 _____________ +0.56° (homogeneous)
(M)§4 .............. +0.64°

This paraffin was then nitrated in two portions as
described on pages 39-40, meintaining the temperature at
130° C., with the following variations: The nitrated
hydrocarbon layer was extracted five times with aleoholic
potessium hydroxide solution, to ensure freedom from
primary or secondery isomers, dried over anhydrous pot-
agsium carbonate, and frectionated through column BJS,

collecting one cc. of product at 82°-83° C. at 9 mm.

YielQwoerccrncene—- 094 gms.

Be Phommmmmmnmmemen 82°9-83° C. at 9mm.
ngf’ ---------------- 1.4328

( )%4 ------------- +0.,10° (homogeneous)
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This dextro-rotatory tertiary nitroparaffin wes then
diluted with 7 ec. of inactive 3-methylheptene, extracted
twice with 30 cce. of aqueous-alcoholic potassium hydroxide
solution, 4ried, and re-fractionated through column BJS:

Yieldeewvcncccanaa 0.68 M8 e
) JRE ) . 82°-83° C. at 9 mm.
(« )55 ----------- +0.10° (homogeneous)

Since there was no apparent change in rotation after
this further prification, it was decided that an optically
active tertiary nitro hydrocarbon, dextro-3-nitro-methyl-
heptane, had been obtained by direct nitration of dextro-
3-methylhepteane. To check this result, which showed that
nitration occurred without racemization, another optiecally-
ective tertiary hydrocarbon, levo-3-methyloctane wes pre-
pared and nitrated, as is described in the following pro-

cedures.

3. Preperation of 3-Nitro-3-Methylectane.,

(a) Preparetion and Dehydretion of 3-Methyloctenol-3.

CHg .
I 2
CHa.CHz.?.(CH2)4.CH3-——————amixture of nonenes +Hy0

OH

In a three-liter three necked flask equipped with &

mercury-seal stirrer, & reflux condenser, and a 250 cec.
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dropping funnel was placed a mixture of 82 gms. (3.4 moles)
of magnesium turnings and 450 cc. of anhydrous diethyl ether.
Stirring was begun and & solution of 350 gms. (3.2 moles)

of ethyl bromide in 500 cec. of anhydrous ether was added
glowly through the dropping funnel, the solution turning
black almpst immediately; the addition was complete in
three hours, after which the ice-water bath was removed

and stirring continued for one-half hour.

A solution of 342 gms. (3.0 moles) of methyl n-amyl
ketone or n-heptanone-2 (refractionated; b. pt. = 150°-
151° C. at 762 mm.; obtained from Eastman Kodek Co.) in
150 cc. of anhydrous ether was then added dropwise with
stirring, the flask being immersed in an ice-water bath,
The addition was complete in 24 hours, stirring being cone
tinued for 4 hour with the ice-bath removed. The reaction
product was decomposed on ice, the magnesium hydroxide
dissolved with dilute sulfuric acid, and the ethereal layer
separated and dried over anhydrous potassium carboneate.

The ether was removed by fractionating through a stripping
column ahd the residue of carbinol transferred to a one-
liter round-bottom flask attached to column RWS and 0.2
gms. of iodine added. The mizture of water and nonenes
wes collected between 809-100° C. over a period of 24
hours, renewing the iodine five times. The water layer
was discarded, and the mixture of nonenes dried over an-

hydrous potassium carbonate, filtered, transferred to a

one liter



flagk attached to column RWS end fractionated from met-

allic sodium at atmospheric pressure.

Yieldemcmonccacaaaaa 339 gms. or 90%
Be Pbemmmomcmmcccaa- 144°-146° C. at 762 mm.

(b) Preparation of 3-Methyloctane (65).

Pt CHg
catalyst |
mixture of nonenes > CHB.CHz.CH.(CH2)4.CH3
Hp

The proceéure used, employing catalytic hydrogenation
&t 2-3 atmospheres is the same as that given under prep-
eration of 3-methylheptene, pages 37-38, with the one
exception that the hydrogenation bottle was not externally
heated.

In this manner 339 gms. (2.7 moles) of the nonene
mixture prepared as on pages 44-45 was hydrogenated, purif-
jed as for 3-methylheptane (p.37-38), and dried over an-
hydrous potassium carbonate. This product was then
filtered and fractionated through column RWS at atmospheric

pressure, collecting 3-methyloctane at 144°-145° ¢, at

762 mm.
Yiel@wmmmmmomomnemnae 339 gms. or 98%
Be plmm==mm———mm—m—n- 144°-145° C. at 762 mm.
28 el .
Dy =---- 1.4040

(¢) Nitration of 3-Methyloctane.

CHz CHz
|
o))
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The procedure employed in these nitrations was
identical with that used in nitrating 3-methylheptene, for
which refer to pages 39-40.

4 representative case would be as follows: From
10 gms. (0.077 moles) of 3-methyloctane (see page 46)
efter nitration and purification as desceribed on pages 39

40, was obtained 2.2 gms. of fractionated product, J-nitro=

S-methyloctane:
YielQeoeoccacamaanaas 2.2 gms. or 17%
Be Ptemmmmmmemecccca- 1089-109° at 17 mm.
L 1.4342
nitrogen (Dumgs) ---eeecaa- 8¢2% (found)

8+1% (calculated)

4., Preparation of levo-3-Nitro-&-Methyloctane.,

(a) Resolution of 2-n-Amylbutyric Acid (2-dethyl-n-

Octanoic Acid)(66).

s
dl-CHS.(CH2)4.CH.CH2.002H-fqninine-——-——+>

d-acid.quinine +l-acid.quinine

partially separate by fractional erystallization and

decompose.

In 900 ce. of hot acetone was dissolved 200 gms,
(1.26 moles) of dl-Z2-n-amylbutyriec acid (redistilled; b. pte
133%-134°% ¢, at 13 mm; n%s 1.4290; obtained from Dr. P. G,

Stevens) and 438 gma. (1.35 moles) of anhydrous quinine
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was added rapidly, the hot solution being filtered to
remove mechanical impurities. This solution was then
cooled to ~10° C. in en ice-salt bath and the precipitated
quinine salt collected on a Buchner funnel. This solid
was redisgssolved in fresh hot acetone, re-precipitated,

and filtered. This procedure was repeated until the salt
had been fractionally recrystallized eight times, of
course reducing the quantity of acetone for each crystall-
ization.

This product was then dried over-night and decomposed
with 600 ec. of 10 per cent hydrochloric acid, and the
acid solution extracted with ether. The ethereal solution
was dried over anhydrous sodium sulfate, filtered, the
ether distilled off, and the resultant erude, optically-
active 2-n-amylbutyric acid distilled under reduced press-

ure through & modified Claisen flask,

Yielde==-mmmmammemo 62 gms.

Be Dbommmemmmmmmmmn—- 132.5%-133.0° C. at 13 mm.
n]2)5 ................ 1.4296

DEO e ccmmm e 0.8990

(0()]2)5 ............. (-) 4.76°(homogeneous)

(b) Esterfication of levo-2-n-imylbutyric Acid.

CHy
(CH,) L. CH, o COoH 4 CHg o CHg . OF trace
CH [ CH L[4 [ ] * 50 20
5 24 levo 2 2 conc, HzSO4
CH,,

|
levo
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A mixture of 62 gms. (0.4 moles) of levo-Z2-n-amyle
butyric acid (see pages 47-48) 240 ce. of absolute ethyl
alcohol, 140 ce. of anhydrous toluene and 1.0 ce. of con-
centrated sulfuric acid was pleced in a one liter flask
attached to column RWS and immersed in an air bath at
909-93° C. The constant-boiling ternary system ethanol-
toluene-water came off between 75° C. and 78° C. over a
period of eight hours. The flask was then eocoled and an
additional 120 c¢ce. of ethanol and 60 cc. of toluene were
added and the above procedure repeated.

The flask was cooled and the contents transferred
to & 500 cc. separatory funnel, washing three times with
30 cc. of 10 per cent potassium carbonate solution. The
toluene solution was then separated and dried over anhydrous
godium sulfate, filtered, and the toluene removed through
column RWS. The residusl liquid was then transferred to
an 125 cc. modified Claisen flask and distilled under re-

duced pressure, collecting 74 gms. of levo-ethyl-Z-n-amyl=-

butyrete.
Yieldmemmmmeocencna- 74 gms. or 94%
Be Ptemmmmm—==woa=- 118°-119° ¢. at 35 mm.
1 0.860
U —— 1.4203
(¢x)§5 ------------- (-)2.10° (homogeneous)

(M)gs """"" ——————— (=)3.91°



(c) Preparation of levo-3-Methyloctanol-l.

CHy
| sodium
CpH50H
CHz

|

L solution of 50 gms. (0.26 moles) of levo-ethyl-
2-n-emylbutyrate (see pages 48-49) in 250 cc. of anhydrous
ethyl alcohol was added dropwise to a stirred suspension
of 80 gms. of clean metallic sodium in 400 ec. of boiling
anhydrous bengene contained in & three-liter three-necked
round-bottom flask equipped with a mercury-cealed stirrer,
a Friedrich reflux condenser and a dropping funnel. The
addition waes made &t such a rate as to just maintain boil=-
ing, being complete in two hours. An additional 300 cc.
of anhydrous ethanol was added over a period of two hours,
and then 300 co. of 95% ethanol to destroy excess sodium.
The solution was stirred for one hour, after whiceh 300 cc.
of water were added dropwise and the mixture refluxed for
two hours to saponify eny unreduced ester. The eXcess
water-slcohol-benzene was distilled off through column RWS,
the residuel liquor transferred to a separatory funnel
and extracted three times with 250 cc. portions of diethyl

ether, sesving both layers.
The ethereal layer was dried over anhydrous potassium
carbonate,filtered, and the ether removed through a stripp-

ing column, the carbinol residue then being freactionated
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under reduced pressure through column BJS, collecting levo-
J-methyloctanol-1l.

The aqueous layer was acidified with conc. hydro-
chloric acid and the recovered optically active acid extract-
ed with 300 ec, of ether in 100 cc. portions, the solution
dried over anhydrous sodium sulfate, the ether eveporated
off, and the residual acid distilled through a 100 cc.
modified Claisen flask under reduced pressure. This acid
wes then re-esterfied using the procedure given on pages
48-49, the ester reduced again with sodium and alcohol visa
above procedure, and the yields of carbinol combined. This
wes repeated three times, after which the following com-

bined yield of levo-3-methyloctanol-l was realized:

Yieldmmmmommoaeen 29 gms. or 60%

) TR 1099-110° Cc. at 25 mm,
B e 144330

D25 -------------- 0.827

(‘x)§5-_ ---------- (=) 3.77° (homogeneous)
L (-) 5.42°

(d) Preparation of dextro-l-Bromo-3-Methyloctane,

CHy
CHge (CH2)4. CHeCHyo CH20H+HBI.' —_—
CH



In & 100 ce. flask was pleced 29 gms. (0.15 moles)
of levo-3-methyloctanol-1 (see pages 50-51) with a gas
inlet tube extending below the surface of the liquid.
The flask was immersed in an oil bath at 120°-130° Cc. and
dry hydrogen bromide gas (generated by edding bromine drop-
wise to boiling tetralin, and passing the HBr evolved
through a purification train consisting of napthalene, an-
hydrous calcium sulfete, phosphoric anhydride, and red
phosphorus) was bubbled continuously through the alcohol
for 24 hours. The bromide was then allowed to cool, and
the HBr.Hzo layer seperated off, the reaction produet wash-
ed with 50 cc. of water, 50 cce. of 10 per cent potassium
capbonate solution, and then with 25 cc. of ice-cold conc.
gsulfuric acid to remove any unreacted carbinol.

The bromide layer was extracted agein with a solution
of poteassium cerbonete, and then dried over anhydrous pot-

assium carbonate, transferred to a 50 cc. modified Claisen

flesk and distilled under reduced pressure.

Yieldemmmmmamon=- 35 gms. or 88%

B. Ptem=-=mmene=- 1059-106° C. at 25 mm.
n§5 .............. 1.4539

D4 ececeame -~=1.085

(« );“5 ___________ (+)6+25° (homogeneous)
38 L (4) 13.35°



(e) Preparation of levo-3-liethyloetane.

CHy
|

CHge (CHy) 4« CHoCHp o CHp o B +- Mg ——3m
CH

| 8 Ho0
&

[

CHye (CHp) 4+ CHo CHp. CHy

L solution of 35 gms. (0.17 moles) of dextro-l-
bromo-3-methyloctane (see pages 51-52) in 100 cc. of an=-
hydrous ether was added dropwise over a period of 1% hours
to a mixture of 7 gms. (0.29 moles) of magnesium turnings
in 70 co. of anhydrous diethyl ether contained in & 500 cc.
round-bottom three-necked flask equipped with a mercury-
seal stirrer, a reflux condenser, a dropping funnel, and
an inlet for nitrogen gas. Prior to the addition of the
bromide the flask had been swept with nitrogen and one ceo.
of ethyl bromide added to activate the magnesium.

The reaction with the nonyl bromide was vigorous and
the solution turned black. After addition wes complete,
the solution was refluxed for 1} hours with constant stirr-
ing, after which the flask was cooled, and 125 ce. of 25
per cent hydrochloric acid was added dropwise, over & period

of 1% hours. The product was then steem-distilled out of

the flask, the ethereal layer separated, and the aqueous
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layer was extracted twice with 25 cc. portions of ether
which were then combined with the ether solution. This
solution was dried over anhydrous potaessium carbonsate,
filtered, and the ether removed through & stripping column.
The residue of hydrocerbon was then placed in & hydrogen=-
ation bottle, together with 0.5 gm. of platinum oxide cat-
alyst and shaken for one hour under 3 atmospheres pressure
of hydrogen, the catalyst filtered off, and the hydrosarbon
fractionated at etmospheric pressure through column BJS,

collecting 11 gms. of levo-3-methyloctane.

Yiel@mecemmncmemm e e 11 gms. or 51%

Be Phemmmmmmmmoc—cecaee 142°-143° Cc. at 760 mm.
n§5 -------------------- 1.4045
1 0.714

(o()g5 ----------------- (=) 9.09° (homogeneous)
(1) Bmmmmm oo emee (-) 11.6°

(£) Nitrastion of levo-3-Methyloctene (56).

?Hz CHg
CHz. CHZo CH. (CH2)4QCHZ > CHso CHzo?. (CH2)40 CH3
NOg
levorotatory levorotatory

This hydrocarbon was nitrated in two 5% gms. portions,

following the procedure described on pages $9-40 in which

0
pitric scid of specific gravity 1,075 was used at 130~ C.
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with the variation that the nitrated produet was first
placed in a flask attached to ecolumn BJS end the unresct-
ed hydrocarbon fractionated off, the residue being extract-
ed three times with 15 cc. of aqueous-aleohol (3/1) potass-
ium hydroxide, each extraction lasting &t least 4 hour with
frequent agitation. The orange-yellow &slkaline layer was
then extracted once with ether, the ether washed with water,
and combined with the alkali-insoluble portion, dried over
anhydrous sodium sulfate, filtered, the ether eveporsated,
end the tertisry nitro compound, 3-nitro-3-methylocteane,
fractionated through eolumn BJS under reduced pressure, meain-

taining & reflux ratio of 50/1.

Yieldmemommmcee—— 2.8 gms. or 18%

:JS R —— 106.5-107.0° ¢. at 15 mm.
n§5 -------------- 1.4340

0(55 ------------- (=) 0.65° (homogeneous)

To ensure freedom from any primary or secondaery nitro
compounds, this product was re-extracted three times in
the seme way with 15 ce. portions of 10 per cent aqueous
@leoholic (3/1) potassium hydroxide solution, and the pro-

duct re-fractionated, maintaining & reflux ratio of 50/1.

Yield-=--========= 1.8 gms.
YRR T — 106.0°-106.5° Co at 15 mm,
0(1%4 ............... (=)0.70° (homogeneous)
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As can be seen, the optical activity of the product, levo-
Sd-nitro-3-methyloctane, was practically unchanged by this
attempt at further purifieatione.

5. Description of Fractionating Columns.

a. Column RWS (i hitmore-Fenske type)

This fractionating column wes a modification of the
Whitmore-Fenske column, packed with single-turn glass
helices. The packed section of the column was 61 cm. (2.0
ft.) long, had an inside diameter of 11 mm. and was filled
with tightly packed single-turn glass helices having an
ingide diameter of 3.0 mm. and an outside diameter of less
than 4.0 mm; each helix hed been introduced into the tube
separately, so theat the free space was & minimum.

This part of the column was insulated and heated by
means of two telescoped air jackets, the inner one being
wound with nichrome-ribbon resistance wire(3.3 ohms/f£t),
the jacket temperature being controlled by a water-cooled
rheostat. The head of the column was of the total-conden-
sation type, with a stop-cock for regulation of the rate
of teke-off; it &also contained a thermometer for measurement
of the vapor temperature. The efficiency was determined
using a carbon tetrachloride-benzene mixture, and was found

to be equivalent to 16 theoretical plates employing & re-

flux retio of 20 to 1.
b, Column BJS. (Podbielniek type)

This apparatus wes designed and constructed so thet
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the fractionation of small quantities (5 to 50 ce.) of
méterial could be realized, and wes patterned after the
Podbielniak type column, which has a very small hold-up,
this being the major difficulty in designing a fraction-
ating column for small volumes of materisal.

The column was built entirely of Pyrex glass, the
"packed" portion of the column being 61 em. (2.0 ft.) in
length and having an inside diameter of 3.0 mm., A spiral
of gold-plated gold-fill wire, 22-gauge, 2.4 turns per om.,
was fitted tightly into this glass tube. This psacked
section of the column was electrically-heated by means of
nichrome-ribbon resistence wire (3.3 ohms/ft.) wound direct-
ly on the tube containing the gold-spiral and controlled
by means of a 90-ohm water-cooled rheostat.

The whole length of the column, with the exception
of the head, was fitted snugly into a sealed vacuum Jjacket

6 mm. 0of mercury.

made of pyrex glass and evacuated to 10~
The head of the column, which was nothing more then an
enlarged extension of the column proper heving a side-arm
ntake-of f" tube just above the vacuum jacket, was fitted
with a very small 250° C. thermometer. The side-arm held
e sleeve-type water condenser.

The efficiency was determined employing a carbon tetra-

chloride-benzene mixture, and found to be equivalent to 8
theoreticdl pletes using a reflux ratio of 35 to 1, the

hold-up being one CcCe.
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SUMMARY

(1) Two new organie compounds, 3-nitro-3-methyl-
heptane and 3-nitro-3-methyloetane, have been prepeared
by direct nitration (employing Konawzlow's sealed-tube,
dilute acid method) of the pure, synthetically prepered
tertiary hydrocarbons, 3-methylheptane end 3-methyloctane,

(2) Similarly, the optically active forms of these
nitroparaffins, dextro-3-nitro-3-methylheptane and levo=3-
nitro-3-methyloctane, were prepared by direct nitration of
the optiocally active forms (dextro-3-methylheptane and levo-
3-methyloctane) of the above hydrocarbons. This is the
first recorded case of formation of an optically active
nitro compound, having the entering nitro group replace a
hydrogen atom attached to the asymmetric cerbon, from an
optically active hydrocarbon by direct nitration employing
nitric acid as the nitrating agent.

From these facts, together with date compiled by
other workers, it has been shown that the nitration of
aliphatic hydrocarbons with dilute nitric acid most prob-
ably proceeds as follows:

A molecule of hydrocerbon collides with one of true,
undissoeiated nitric acid (HNOz), forming an activated
intermediate, probably through attachment of the HNOz mole-

cule to the residual-velence, "face-centered" bond opposite

the hydrogen atom to be replaced.



This complex mey then decompose in one of two ways:

(a) To give HNO; and the original hydrocarbon,

(b) By releasing atomic hydrogen (H.) and (HO.)
which may then combine to form water (HO:H), with immed-
iate inversion of the attached hydrocarbon free radical
and formetion of a nitroparaffin (see p. 32-34 for more
complete traatment).

This mechanism most completely satisfies the re-
quirements of the experimental data available on nitra-

tion and nitric acid.
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[Reprinted from the Journal of the American Chemical Society, 62, 2880 1040) )

THE NITRATION OF ALIPHATIC HYDROCARBONS
Sir:

While the nitration of hydrocarbons is one of
the oldest reactions known, it is still one of the
least understood. Recently nitration of simple
saturated hydrocarbons has been carried out in the
vapor phase at elevated temperatures,! a reaction
said to involve free radicals.? Since little is
known about the mechanism of this nitration in
the liquid phase, we wish to report that nitration
of levo-3-methyl-octane vields [evo-3-methyl-3-
nitro-octane.?

The mechanism of this nitration is still not
clear. However a survev of the literature reveals
the following pertincnt facts:

(1) Haas, Hodge and Vanderbilt, Ind. Eng. Chem., 28, 339 (1936).
(2) McCleary and Degering, ibid., 80, 64 (1938), Seigle and Haas,

ibd., 31, 648 (1034,
(3) Itis pot yet possible to say whether or not partial racemization

occurred,

A, Tertiary hydrogen atoms are generally the
most easily replaced.*

B. Nitration of neohexane proceeds without
rearrangement  yielding  3,3-dimethvl-2-nitro-
butane.®

C. Nitration of camphane (caged structure)
yields secondary nitro compounds in place of the
expected tertiary .S indicating an inversion mecha-
nism.”

For the empirical equation CoHyy + NO, —
CoHgNO; + H, several mechanisms can be ad-
vanced :

1. Replacement by removal of the hydrogen as
This would appear implausible from
The well-known electron-repelling

a proton.
(A) above.

(4) Kounowalov, Ber., 28, 1855 (1895).

(5) Markownikov, Chem. Zentr., 70, 11,
1906 (1900).

(6) Nametkin, J. Russ. Phys.-Chem. Soc., 47, 409 (1915).

7) Bartlett and Knox, THIS JOURNAL, 61, 3181 (1939).

473 (1899); Ber., 33,
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