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HISTORICAL DEVELOPYENT

A, Preparation of Aliphatic Nitro Compounds

As early as 1868 Fettig(l) prepared nitromesity-
lane with fuming nitric acid. Later Biedermann and Ledoux(2)
prepared nitromesitylene by gradually adding a mixture of
equal volumes of mesitylene and acetic acld to a mixture of
equal volumes of fuming nitric and acetlc acids.

In 1872, V, Meyer{3) preparsd the first nitro-
paraffin, namely nitropentane, by the distillation of silver
nitrite and pentyl iodide. In the same year, Kolbe(i) pre-
pared nitromethane oy reaciting potassium nitrite and

ssium chloracetate,

w3
Q
c—,-
o]

FaY

HoG1CO.H + KNOp—> [CHp (NOg JCOHl— CHaNOp + GOz,

<)

This method was later modified by Priebish(5) and in 1908,
by Steinkopf(6). Two years later, V. Meyer(7) prepared
nitromethane by heating methyl iodide and silver nitrite,
CHxI + AgNOg — AgI + CHzNO

Beilsteiln and Kurvatow(8) prepared mononitrocy-
clohexane by nitration of petroleum.

In 1885, S, Gabriel(9) prepared a compound,
CisHiolizg0Og, by treating benzylidenephthalide with nitrous
acld., This compound with dilute alkali gave

CoHe
CcoO \C(ONa) - CPhiNa*NOz, which on acidification produced

phenyinitromethane and phthalic anhydride. Phenylnitro-

methane was later prepared by the action of silver nitrite
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-2a
on benzylic chleride by Holleman(1lQ).
By prolonged heating at 130°-140°C of a hydro-
carbon with dilute nitric acid in a sealed tube Konowaloff (1l

prepared some nigher aliphatic nitro compounds. He reported
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o
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viigy normial 1neXaQre ne gav

Q
Lo}
Q

ever, Worstall(l2) showed that primary nitrocompounds are
also formed and that normal heptane is easier to nitrate
than normal hexane., With decane 30% of the mono-nitro deri-

vative may be obtained with fuming nitric acid.
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Bamberger {13} prepared ni
methylamine by use of Caro's reagent. He gave the following
stens for the reactlion:

CHNHp —> |[CHoNHOH] — CHp = NOE —> CHp = NOOH —» OHglOp
He also prepared phenylmethylnitromethane by oxidation of
the corresponding oxime.(14).

By reacting sodium, potassium or barium salts
of ethyl sulphuric acid with the nitrites of alkall metals
or alkeline earth metals, Ray and Neogi(l5) prepared nitro-

methane,

I_h

methane by us a

ng

dilute solution of pobtassium nitrite and dimethylsulphate
CH&OSOQOCHs + KNOz -_— CHaOSOzK + CH@I‘IOzo

Steinkopf and Kirchoff (1i7) also prepared it from sodium

nitrite and the sodium salt of chloroacetic acid,
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Bewad (18 ) prepared primary, secondary and
terviary nitroparaffins by reacting zinc alkyls and chloro-
or bromonitroparaffins.
1908, W, Wislicenus and A. Endres(19)} found

that ethyl nitrste would condense in the presence of sodium

10
“S

TAIIM
= ny

ethrlate with compounds containing eactive methylene g
ive the sodium salt of the acid form of the nitro compound.

BEtONQ, + NaOBt + CgHgCH,GOzit SETCH + CgHgC3 (NCeONa )COEY

nitro compounds have been developed alongvapor phase nitra-

have prepsred with

p g
b

tion. Hass, Hodge and Vanderbuili(2C
30we success grinary ailipnatic nitro compouncs ol low mele-

cular weight by prassing gasecus parsaffins over not concentrated

and Slon(21)

| B

By o new direct method, T. Urbansk
heve obtained eighty percent yields of nitrc compounds, Thelr

method consisted in heating the hydrocarbcon vapors, pasraffinic

s P

or polymethylenic, at temperatures avcve 100° with nitrogen
tetrgoxide. Ikixbtures of mono and dinitro derivatives were
obtained,

B, Hass (22 gives in detzil means by which
nitro compounds, »nrepared by vapor phase nitration, can be
converted into a number of derivatives. Some of these are:

nitroalcohols, nitroglycols, nitrecelkanetrials, amines,

hydroxamic and carboxylic acids, substituted amines and
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A number of the methods given here for the prepw
aration of the mono-nitro compounds can also be applied in
vreparation of dinitro derivatives, similarly for tri- and
tetranitro compounds. Von Braun snd Sobecki(23) by applying
V. Meyer's Method(3) preparsed dinitrocompounds of
NOs (CHp )JnNO,, from the corresponding dilodo- derivatives and
silver nitrite when n is greater than three.

Chattaway (24 ) prepared trinitro- and tetranitro-
methane by the action of nitric acid (D = 1.53) on aceti

anhydride. Equimolar guantities were mixed and mixture was

ct

allowsa to sbtand for several dayse.

In conclusion, the method of Wislicenus(1l9),
the condensation of an eliphatic hydrocarbon containing an
active methylenic group with ethyl nitrate is presence of
potassium ethylate, was found botn simplie and satisfactory.
A detailed description of this method with certain modifica-

tions will be discussed thoroughly in the experimental part

of this thesis.
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B. Chemicsl Resctions of Aliphatic Nitro Compounds

The reactions of gliphatic nitro compounds can
be divided into two types, that of reduction and salt form=-
ation., Reduction can be affected by a wide variety of

reagents. The nature of the reagent and conditions under

g
=

o

CLEES

¥

takes place governs the products that are
produced. Since, this thesis will deal largely with tThe
structure of the nitro group, it will suffice to give only
& brief historicel summary of the different methods for
reduction. A more detailed discussion will be devoted to

reactions which deal with the constitution of the nitro groupe.

-l. Reduction - Nitro compounds can always D&
reduced to primary amines. They can also be sometimes
reduced to nitroso compounds, hydroxylamines, oximes, azoxy
compounds, azo compounds and hydrazo compounds. Nost of
these reactions have their chief practical importance in
the field of aromatic chemistry.

Primary amines can be precduced from nitro con-
pounds by the use of tin and hydrechloric acid, stannous
chloride and hydrochloric acid, zinc and hydrochloric scid
and iron and hydrochloric or acetic gcid,

@ -nydroxylamines can be produced by the
reduction of nitroparaffins with stannous chloride and hy-
drochloric acid as first shown by L#bin(25) and later by

Hoffman and V. Meyer(26). Pierron(27) prepared @ -hydrylamines
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by electro-rsduction at room temperature of nitroparafifins
in an alcoholic solution containing sulphuric acid. Other
methods consist of the use of aluminum amalgam on a moist
etheral solution by H. Wislicenus{(28), use of zinc amalgam
by Bomberger and M. Knecht(29)., Lapworth and Pearson(30)
and R, D, Haworth and Lapworth{3l) made use of sodium sul-
pnide, hydrochloric acid, calcium chloride and smmonium
chloride as a reducing medium,., Recently an electrolytic

reduction of aliphatic nitro compounds has been developed

by V. Bruckner., A. Eramli., and E, Vinkler(32).

2. Salt formation - The gction of alksli upon

aliphetic nitro compounds was first studied by P. Friese(33).
He investigaeted the action of alcoholic sodium hydroxide
upon nitromethane and obtalned the sodium salt of nitro-
methane, a white crystalline powder.

Victor Meyer in 1894(34) obtained the sodium
salt of nitromethane by the use of sodium ethylate upon
nitromethane,

Similarly, Wef (35) obtained the sodium salt of
nitromethane by adding sodium to an ethereal solution of
nitromethane and evaporsting to dryness, He found that,
when a cold aqueous solution of a salt of a nitroparaffin
was decomposed by dilute cold hydrochlioric acid, the nitro-
paraffin was only regenerated to a small extent. The

greater part of the nitro paraffin decomposed into nitrous
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oxide and an aldehyde or ketone depending on whether it was

a primary or secondary nitrccompound.

H "
.0 .
2 R-C = NZ__ + 2HCl—> 2 RC = 0 + NaO + HaO + NaCl.
= R
2 R-C = ﬁfg yg * ZHC1—> 2R-C = 0 + N30 * a0 + NacCl

This indicsted that the salt was of a different constitution

than the original nitro compound, for if both had the same

L2 - <

-

structure, the original

[
Q il
i~
-
[Ag}
ot
[¢}]
%)
[¢)]
(4]
3

totally regenerated., With dilute sulphuric acid he found

the fcllowing reaction took place in almost guantitative

2RCH = N:O+*ONa + HpSOy — 2RCHO + Np0 + HpO
He gave the following as the probable mechanism for the

resctions
40 40
2RC = N~ONg + HzSO, — 2RCH = N-CH + NgpS0,

sl

Decomposition then occurred forming an aldehyde end an in-

termediate ccompound which decomposed into nitrous oxide and

water:
¢O NOH
2RCHE = N-CH —» 2RCHO + | ¥l + HsO
N OH

4
Nef also found that by the sctiocn of methyl

iodide upon the silver salt of dinitromethane ethyl nitrolic

acid and formaldehyde were Tformed,
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N:O ll- "
, N=0 ,N=0
RC, + ICH; —> Agl + RC_ — RC + WCWQ
N-OAg SN-OCH; *N-0H
n
O 0
When he tregted the sodium selt of nitromethanse

with aqueous rercuric chloride, mercuric fulminate was formed.

10 °
o P e CH.= N7 C=N
HZC_N‘O"EN& _‘--: 1 \0\ \0
3‘ o~ Yua - b e . 5 +H 0
oiN + ClHg — 2 Nall + O'Hg - O’Hg 2
“Na ; =N~ =N~
HC=NJ S-~---' CH=N ¢
S0 O
Through the use of thess resctlons, Nef showed that the
0
~,
sodium selit of nitromethane was CHy = NJ and not
ONa
CHpNa~20,
N0
In 18786 Lecco(36) discovered that if nitromethane
is hegted with sodium ethylate, a light brown powder, the

sodium salt of methazonic acid, was obtained.

position that the sodium salt of nitromethane

On the sup-

e
-nzV
was CHg NZ

Ng
he proposed the following mechenism for the preparation of

the sglt of methazonic scid.

H 'Na 7 Na 0
L-N=O H-C= N7
E.H,_E‘!a_ 7:"5 m— P
H-C-N=0 H—(",:N\
# 0
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It was found by Dunstan and Dymand(37) that if
nitromethane was allowed to stand with s strong aqueous
solution eof potassium carbonate that the mixture became yel-

low and potassium hydrogen carbonate ssparated out. On

xture two layers sepsrated. Tne upper layer

ot
3
0}
E.

vielded methyl cyanide while the lower gave a nitrite,

amuonia and trimethyl-isoxszole,

CHy - C = C - CHg
f i

CHy, - C_ O
> 2

N
He also found that warm aqueous sodium or potassium hydrox-
ide upon nitromethane gave a nitrite, trimethylisoxazole,
ammonia, acetic scid and scme resin. The ammonia and the
acetic acid came from CHx- C=N which was first formed.
Alcohclic sodium or potassium hydroxide gave trimethyl-
isoxazole, an aldehyde, nitrite and a brown resin. Caicrwm
hydroxide gave no action but dry ammonia at 0°C gave

CoHsNO, *NH;, which now would be formulated CH30H=NfONH .
L

Concentrated agueous asmmonia heated in a sealed tube at
110°-120°C with nitromethane gave ammonium nitrite, acetoni-
trile and trimethyl-isoxazole. Agueous ammonia or potassium
carbecnete with nitromethane gave a nitrite, hydrccyanic
acid and methazonic acid,

Dunstan also found that alkali on primary

nitropropane at 100° gave trimethyl-isoxazole, ethyl cyanide
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¥

ne in & sealed tube

and nitrous acid. Secondary nitropron:

o

with aqueous sodium hydroxide at 115° gave acetone, nitrous
ecid, hydroxylamine snd a cyanide.

Dunstan end CGonlding(38) obtained the sodium and
smmonium salts of methazonic acid. They alsc postulated a
mechanism to explain the preparation of methazonic acid and

trimethyl-isoxazole, They based their mechanism on RNef's

formula for methazonic acid,

NH
HON=(C=~{
i/

0 0

H
and gave CHgy = N -« ¢ =

ot

as the structure for the acid.

1@40
N OH
Meister(40) and Steinkopf (42) found that the
free methazonic acid could be obtained from its sodium salt
if treated with sulfuric or hydrochloric acide
Heister(42) made an intensive study of the acid.

I 34+ wrl e nil13 ) 3
d it with aniline, chleranil

fote

ne and phenylhvydrgzine
and then showed that the acid still contained a primary
nitro-group since it gave the nitrolic test with nitrous
acid, On reduction of the methazonic acid-aniline compound,

ammonia split off and the resulting anil on hvdrolivsis
P < o

gave acetaldehyde and aniline, indicating a carbon to carbon
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linkage in methazonic acld.

CHNgd ch-NZd CHy
HC = N-OH HC = N-¢ HC=N-

CH,CHO + WN@ B0

This eliminates Scholl's formula and is evidence in favor

of Dunstan's.,.

G - o 3 1 1 3
NMeister alsc postulated that methazonlc acid

L2l

may tautomerize to another form,

40 T = T’/O
CHg = N\\O CH = “\OH
\ —
HC = ¥ - OH CH =N - OH

< ~ | < = - v ey T
confirmed this by means of spectral snslysis.

3

S
"

4

141

(¢

oo
iy
'~
A
Wy

Eedl 3 ¢ VP

In 1935, Fry and Treon(44) found that three=
normal scdium hydroxide with nitromethane gave ammonila,

sodium carbonate and water while one-normal rroduced metha-

zonic acid,
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C. Aci<Nitro Compounds

1. Preparation and Properties - S5, Gabriel

and M. Koppe (45) found that if phenylnitromethane is heated
with fuming hydrochloric acld at 150°C it decomposes int
benzoic acid and hvdroxylamine, When it is treated with

~ > -
{0 YT 3
L= -

t

4

alcoholic soda it forms crystzlis. These crystails
supposed to be due to the sodium derivative of phenylnitro-
methane., If the sodium derivative is treated with bromine
phenjldibromonitromethane is formed, Iodine in piace of

bromine produced C,HgNO. Indications pointed to a dimole~

cular compound, (CrHgHNOjze.

T
.

¢

81

Y, Meyer{4s; found thst if lodcomethyl-
ene is treated with silver nitrite an oil is produced which
forms with sodium ethylate an explosive white salt,.
Todoallyl when treated in the same manner yielded a very

explosive salt having the formula, CHz = CHCH=NOzNa, This

0q

salt on acidification gave nitropropylene, a light mobile
oill, volatile with ether wvapors. Treatment of the salt
with benzenedliazonium sulphate gave a crystalline azo

Oy
ivative, CHy = HCH = N - ON = N - CgHg« E=Ethylene

o)
o
H

bromide also yielded an o0il when boiled with silver n
which formed an explosive salt with sodium ethylate,
Hantzsch and Schultze(47) studied the properties
of phenylnitromethane after preparing it by adding silver
nitrite to an ethereal solution of benzylic iodide at 0°,

From its salt they found that acetic or carbonic acid produced
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an oil, With mineral acids at not too high a temperature it
gave a white crystalline compound, melting at 74-76°, Thess

were transformed into an oil when heated to boiling in an

if the crvstals were allowed to siand 1n conbtact with hydro-
chloric acid or in benzene scolution. The crystals dissclved

in alikxgli carbonates with no evolution of carbon dioxide and

gave the ferric chloride cclor test, The authora suggested
the following formula for the compound, CsHscg-y—OH, They
0

called it an isonlitro-compound, Now it is caliled an aci-

nitro=compound or a nitronic acid.

In the same year Konawaloff(48) prepared a number
of zci-or isonitro-compounds which he called the "labile"

forms. Aci-w -nitromesitylene was obtained by the action of
dilute sulphuric acid on the sodium salt of W-nitromesitylene
(xylylnitromethane )., Needle-like crystals were obtained
from venzene wnich were soluble in sodium carbonate and gave
a color reaction with ferric chloride. 7The gci~lorm was
fairly stable in ice-celd water, On standing it readily
converted to an 0il which was a mixture of the stable nitro
form, labile aci-nitro form and an aldehyde.

He found that diphenyInltromethane yielded an
aci-form which gave a color reaction with ferric chloride and
was soluble in sodium carbonate. t ordinary temperatures it

decomposed to benzophenone, benzophenoneoxime and the stable
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nitro form. ‘The aci-form was stgble at low temperatures

snd in zan ethereal solution.

loff also obtained an aci-form of rhenyl-

s

Xonow

'.

fo

- <

isopropylnitromsthane, He found that nitromononapnthene and
secondary nitroisoamyl yield liquid aci-forms while phenyle
cthylnitromethane gave a well crystalline aci-isomer.

In 19056, Meisenheimer and Schwartz(49) obtained

¥os
a compound, EBUCHZU-H=0 , when trinitroethane,
) 0K
_NOz
CHzC NOz, was treated with potassium ethylate. Netayi-@G-

@ - dinitroe~prepicnate with methyl alcocholic pobash gave s
mono potassium derivative. When a methyl alcoholic solution
¢f trinitroethsasne was ftreated with an alkaline solution of
hydroxylamine a guantitative yield of potassium gei-dinitro-
ethane was obtained., They, also, found that if trinitro-

ethane was treated with potassium cyanide that it added on

[

n the following fashion:

NO,
CHsC(NOz )3 + 2KCN —> CHp = c; + KNO, + HCN
L N=0
CHN \OK

After the discovery of agi-nitro compounds, many
workers studied their properties in order to elucidate upon
their structure.

Nef and Jones({50) after studying the propertises
of some gci-nitro compounds criticized the ring formula,

R~Q§=y-OH, suggested by Hantzsch and Schultze(47) and gave
)
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the unsaturated formualsa, R-CH=;-OH, of Mickael's(51) as

0

the correct one.

In 1899, Hantzsch and Veit (52) presented a thor-
ough summary of the properties of aci-nitro compounds. They
found that the normal compound of nitromethane gave no acid
reaction, yielded solutions of low conductivity and gave no

color reaction with ferric chloride.

They found that the sodium salt of aci-nitromethane,

when acidifled with hydrochloric acid ave a transient, red
Y s & >

coloration with ferric chloride. An agueous sclution of the

12

- e ek e Tat el 2 - ~—
¢ give nitrous acid, hydrox-

ylamine, formaldehyde or formoxime, formic acid and hydro-

Hantzsch and Veit found that bromonitromethane
gave no color with ferric chloride and was a non-slectrolyte.

The sodium salt, however, gave sn intense red coloration

(%
T

1ale

with ferric chleride which persisted for sometime when the
solution was gcidified., The salt decomposed into the normal
form about as rapidly as the salt gei-nitromethane. It also
decomposed into hydrogen bromide and nitrous acid. The
divromo compound behaved similarly to that of the monobromide.
Although they found that in the case of nitro-
ethane the gci-compound was more stable than the aci-nitro-

methane, it was not able to be isolated. The sodium salt in

presence of excess acid decomposed into hyponitrous acid and
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an aldehyde.

Nitropentane, the above authors found, also
formed a salt with alksali which gave with ferric chloride a
red coloration. This coloration aisc appeared in freshly
acidified soclution.

The
-

S

,
]

ound that the amuonium salit of pher

o -

ed

nitromethane could be precipitated from a solution containing
the gei-nitro compound but not from that containling the nitro
compound. The salt reactsd with phenylcarbimide and
phosphorous pentachloride but they isolate no products. The
sodium salt on titration with hydrochloric acid became neutral
very slowly due to the great stability of the gci-phenylinitro-
methane. The acl-compound decomposed to glve benzocldshyds

and nitrous oxide.

Hantzsch and Veit were sble to keep aci-para-
nitrophenylnitromethane in a dessicator for about a day before
it lost its reaction to ferric chloride. However, they found
it was stgble in solution. It was most stable in chloroform,
less stable in benzene, ether and alcohol and the least stable
in water. KExcess alksali on the aci-form decomposed it to
sodium nitrite and a probable stilbene derivative.

| Aci-nitroacetophenone was found to be a stronger
acid than benzoic., Its dissociation constant was found to
be ,00063. The gci~form was stable in solution., Isonitro-
acetone yielded a neutral sodium salt which did not color a

solution of potassium iodide and starch. It decomposed
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rapidly even at 0°. It was a good electrolyte but did not
give constant conductivitye.

Hantzsch and Veit also found thset the monopotas-
sium salt of aci-dinitromethane was neutral. It gave no
color with ferric chloride. The free aci-form was about

N - a _ Sk w - - = ERUEG S
SO T1imM8S &3 STICNng a8 attll acld. LT3 dissegiavacn

[

e
constant at 0° was 00,0143, at 25°, 0,0264. 1-1 dinitroethane
differed from dinitromethane and resembled nitromethane in
its properties. The conducfivity of a mixture of the potas-
sium salt and hydrochloric acid in egquivalent guantities
fell after about fifteen minutes at 0°C tc that of potassi“*
chloride in solution. Titrabtion with hydrochloric acid
showed results similar to nitromethane,

In 1900 Holleman {53} found that tertiary nitro-
compounds were not scidic. Also, in a nitro compound winere
the hydrogens were replaced by bromine atoms, the nitre
compound lost its acidic characteristics.

It was found by Steinkopf and Jurgens(54), that
when a suspension of the sodium salt of aci-nitroethane in a
large volume of ether was treated with excess hydrochloric
acid after removal of

eand the scolut

o b

po

[e)
~

]
(]

;:
§0

the sodium chloride bresent, colored chloronitrosoethane
was obtained. If, however, the volume of ether was small
and an excess of hydrochloric acid was avoided, ethyl
nitrolic acid was formed. The formation of this acid was

probably due to the action of nitrous acid produced by the
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reactlon of the intermediately formed NOCMeHOH; on unchanged

nitroethane.

In cases where nitro compounds had other strongly
negative groups attached, such as nitroacetic acid and nitro-
acetonitrils, they reported that there was no blue coloration
when hested with acids. Therefore, here no decompositlion to
aldehyde and nitroxyl took place.

W -~ nitro-acetopvhenone when treated with hydrochloric

acid in an ether sclution gave wW-chloro-w-oximinoacstophenone

m

withonut the formetion of o coleored nitross compound as an
intermediate.

Acl-phenyinltromethane only slowly developed
a blue coloration on treatment with acids which gradually
disappeered with the formation of benzhydroxamic acid, Aci-
phenyinitromethane contains s feeble negative phenyl group,
and, therefore, should occupy an intermediate position
between a nitro compound with sabturated groups and a nluro~
compound with a more negative unsaturated group such as
Ww-aci-nitroacetophenone. For this reason the reaction is
gradual,

Hantzsch and Schultze(47) found that all the aci-
nitro compounds that were tested and their salts gave & sky=-
blue coloration when they were suspended in ether and treated
with a current of hydrochloric acid or acetyl chloride,

Hantzsch and Veit(52) found that a solution of

the sodium salt of nitromethane and concentrated acid formed
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an intense red color which appeared'atfﬁﬁgf@dmént of neu-
tralization but disappeared with excess acid. They thought

this indicated the formation of QH = NeQH, They also found
NOa

that the sodium salt of nitrosthane with hydrochloric scid
gave a blue characteristic colorstion of the acli-nitro
compounds which they thought was probably due to ethyl

nitrolic scid that was formed.,

teinkopf and Jurgens{54) using Hantzsch's

0

ring formula postulated the formation of hydroxamic chlor-
ides as due to the decomposition to the corresponding
aldehyde and nilroxyl.

RCH - N - OH —> RCHO + :NOH

o ld

These tnen combined to form a nitrosc slcohol.

RCHO + :NOH —> RCH(NO)OH
The nitroso alcohol then combined with hydrochloric acid
forming a chloronitroso compound which is transformed into

hydroxamic acid,

RCH({WO) + HC1l —> RCHCINO —> Re*CCl:NOH
Blue
These reactions would take place only if There were no

negative groups vresent. If negative groups were present,
they would stabilize the compound and cause the splitting

to take plascs thus:
RCH « W « OH —> R C = NOH
N A N\

0 OH
hydroxamic acid.
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On the other hand, Nametkin(55) criticized
Steinkopf and Jurgens support of Hantzsch's ring formula.
He laid stress on the unsaturated cheracter of the nitro
compounds in their reactions with halogens; halegen hydro-
acids and oxidation with dilute permsngsnate. Nametkin
and Pozdnjakova(S6) found that oxidation of secondary
nitrocompounds with dilute potassium permanganate (between
1-2%) gave gquantitative yields of the corresronding ketones.

Nitrocyclohexane gave 97% yield of cycohexanone and nitro-

}_l

o
ave 2o 98% yield of fluorencne

}

Such oxidation would be difficult to explain
by Fantzsch's formula while by the use of Michael's un-
saturated formula(5l), Nametkin(55) gave the following
mechanism:

=C=10-0K —» =C (OH)+NO(OH) (K ) —

=C=0 + KNO; * Hy0
Another argument presented in favor of unsatur-
ation is the behavior of primary nitroparaffins on
acidification where transitory nitroso compounds and
hydroxamic acid were obtained.
CHR = NO-OH — RCH:0 + :NOH —
RCH(OH)+NO —> RC{OCH)sNOH

when the nitrogroup is accompanied by a negative group,

the intermediate formation of the nitroso compound does not

take place since there is no blue or green color change.
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RCH:NCOH + HCl—> RCHC1 NH(OH):0 —s

RCHC1+N(OH)g —> RCCL:NOH
Where a halogen acid is used and there is slight stability

the loss of water may take place before rearrangement. 4
nitroso compound would then be formed as an intermediate

CHR : NO.OH —> CHRC1 : NH(OH) :0 1N

CHRC1l.NO —> CRC1:NOH

Interpretations in analogous manner can be

given for the FTormation of halogen substituted nitro pro-
ducts, nitrolic acids and nitroles. Nametkin showed
that there was no need for ring formula for Nef's reactlon(35)

PR - ~ T~ 3 et £ 2
can bs explained without the use of a ring structure.

C{OH)+NH{OH):0 + H0 —>

[ 14
@]
*ls
-
Q
L4
&)
w3
-{a
s
W
o
(1]

sC(CH}, + :NOH + HaO
It is interesting to note here that Hantzsch(57),
while studying the absorption spectra of & number of nitro
compounds, finally arrived at the conclusion that the un-
saturated structure was the more probable one,

2. Alkylation of Aci-Nitro Compounds - The

term alkylation usunally refers to the treatment of the
sodium, potassium or silver sait of the nivro compound wi
an alkyl halide, There gre two possible types of alkylations,
The gci-ion would be expected to produce O-alkylation which
would yield a nitronic ester, while the carbonion should

produce C-azlkylation, forming a secondary or tertiary nitro

compound.
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H 20 H 0
R-C=N=0CAg + CHyI—> R - C = N - CCHs + AgZ
H ,//O /O
R - Q - N =0+ CHgI — R g - N= 0+ Agl
Ag CHy

Studies heve shown that both types of alkyletion occur.
Nef (35} slkylated 1l-1 dinitroethane and cobtained
both 0O~ snd C-alkyletion while Dieden(S€)} only reported

C-alkylation.

(60) reported only C-alkylation in the case of ammonium

nitromalonic ester.

3
»

- o Qe T 3 Ty
1 found that the silver

2 1 r s fols) 4
Steinkopfl in 1823, {

¢}

salt of ethylnitroacetate and methyl iocdide at 0° formed
ethyl &-nitroproplonate and ethyl nitroacetate-acli-methyl
ether, EtCO,CH:NO0zMe, The later was a colorless liquid which
gave a red coloration wifh‘ferric chloride. With concentrated
hydrochloric acid at 70° formaldehyde and aci-nitroso-scetic
acid was obtained. Ethyl lodide yielded nitro~-tutyrate
and ethyl nitroacetate~-gci-ethyl ether. The geci-nitro
ethers were quite stable and did not show any tendency to
undergo iscmerization to C-alkyl derivatives.

If the silver salt was sdded to the alkyl icdide
at -20° it dissolved immediately to give a deeplbrown

solution, This color disappeared rapidly, giving place to
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a2 white opalescence and silver icdide precipitated. At
-86C° no action took place until the solution waes warmed,
then, the silver salt dissclved and the solutlon turned brown
i -

and finally becaume colorless, fhe mechanism for the reaction

was gilven as:

Et0C~CH
i
Q =0
* )
RO
A new mechgnism based on modern theories, can
also te shown where the RI gdds directly to the compound

-

and
H 0 HO H
i i} i tt i
{1} E50.0-C:Nalag + RI —»Et0,0=C:NalAigi1RT——» Bt 0;C0-C~N0g
1
o X
- =g T é o~ —-— . ~ T 4 0
(2) EtC0aCH = N - 0 Ag:IR —> ZECC,CH = & = R

g

Kohler and sStone(62) cobtained no evidence for

C~glkylation when they treated sodium triphenyletnane witn

The product was an oxime indicating O-

i -

methyl lodide,
alkylation to the intermediate nitronic ester followsd bty
decomposition of the nitronic ester to the oxime and an
aldenyde

A?sHB CHp I CeHs e
(CGHE )QC::[.CE‘ATOEI‘I& -'—;q(CSHE )ECH - 0 = N - OCHS —_—
6445
= NOH

(=02

HCHO + (Cgis joCH -~
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Nenitzescu and Isacescu(63 ) obtained fluorenone
oxinme by alkylation of potassium ¢-nitrofluorene. Later
they isolated the intermediate methylnitronic ester. The
silver salt of 2-bromo-%-nitrofluorene alsc undergoes 0O-
alkylation to produce the nitronic ester. They alsc claim
tregted with acyl chlorides, the acyl derivative of hydro-
xamic acid, CeHsC(OH):N-0 Ac.

Wieland and Hochtlen ({84 ) however, rsported the
C=alkylation of phenylnitroacetonitrile by treatment of the
silver salt with d&1lphenylbromomethsne or triphenylchloro-
methane,

In 1835 Arndt and Rose {85 ) investigated the
manner of alkylatlon in ssveral different tyres of nitro
compounds. The following compouncs were investigated,
phenylinitronethane, v-bromophenylnitrcomethsne, W-nitro-
acetophenone, ethyl nitroacetate, methyl nitromalonate and
p~-tocluene sulpnonylnitromethane., The last compound was used
because the methylene group csarrying the nitro group is
strongly acidic but no conjugated system is possible.

They found that the aci-forms of phenylnitro-
methane and p—bromon”,pylnltromethane reacted vigorousliy

with diszomethane to give the nitronic esters. The corre-~

sponding nornal compounds showed no visible reaction with

Qs
J-de

szomethane, but are slowly transformed inte the same ni-

tronic esters obtained from the aci-form. In these cases,
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they assumed a possible tautomerism of the nitro to the aci-
form although the equilibrium is too slight to be detected
with ferric chloride but which, on account of its strong
acidity, can regct with diaszomethane. Such a tautomerism

these suthors claimsd would not exist with ethyl nitroacetate

claine d gave no enolic resctions, but they reacted vigorous-
iy with diazomethane, yielding nitronic esters. They then
considered the difference between sulphonyl ketones, which

they claimed do not enolise, and the @-ketones, which

f-de

enolize consideranly, end assumed thst 1if there was spontan-
eous desmoiropy in the reaction o¢f ethyl nitroascetate and
toluenesulpnonyinitromethane that it should e detected by

T M oy 3 S LA} +3 A N Fa
COiCIil s, Hese auunlrs, Tasreiore, cons

| &g
(8]

rri ered the

-
0]
o)

formation of nitronic esters from ethyl nitroacetate and
toluenesulrhonyinitromethane as due to indirect methyletion.

It seemed that these authers failed to consider
the fact that ethylnitrcacetate is similer to acetoacetic
ester which does enolize, It is very likely that under the
conditions of the experiment that ethyl nitroacetate showed
enclization and therefore underwent direct methylation te
the enol group.

Nitromalonic ester, they found, showed, in
alcoholic sclution, a feeble enolic reaction which they
thought was probably due To small enolization of the carbvonyl

ester. However, diagomethane reacted with it vigorously,
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yielding elmost quantitatively under all conditioms the
nitronic ester. W-nitroacetophenone showed & much stronger
enclic reaction. It reacted with diazomethane to give an
oll which contained o probsgble mixture of two-thirds nitronic
ester and one-third enolic ester. This indicated that there

s smolilizZat

[~

Arndt and Rose, therefore, concluded that the

o

nitro group was different from the nitronic group and that
methylation of ®he nitro group to give s nitronic ester may

be either direct or indirect.

Thurston and Shriner{6s) found that methyl

iodide on silver phenylnitroacetonitrile at 0° produced the

nitronic ester.

o 0 oY o
i []

CsHgC = N2Cig + CHsI —— CgHsC = NSOCH5 + Agl
Tregtment of the silver salt of phenylnitroacetonitriie with
benzyl chloride produced a very unstable nitronic ester which
could not be isolated since it immediately decomposed into
penzylnitrileoxine and benzaldehyde.

From the following reactions it seems that alkyl-
sticn of the gci-nitro compound can take place in two ways;
C- and O- slkylation. In most cases, O- alkylation was the
prevalent resction. This agein pointed to the unsaturated

structure for the aci-nitro compounds,

R«C=HN« CE
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D. Physico-Chemical Properties.

1. Conductivity - In 1899 Hantzsch and Velt(52),

while studylng some of the properties of gei-nitro compounds,
noticed that a mixture of eguivalent guantities of nitro-
methane and barium hydroxide showed a decrease in ccnductlivity
during fiftesn minutes at ¢°. This they claimed indicated
that the base was gradually neutralized by the acid-form of
nitromsthane. When they reversed the process and treated
the barium salt with an equivalent of hydrochloric acig,
they found that the conductivity fell after about fifteen
minutes to that of the wvalue of barium chloride in solution.

When the nitro compound was treated with barium
hydroxide, at the moment of mixing there was conductivity
due only to the base barium hydroxide. As some of the
nitro form of nitromethane wes changed to the agci-form,
this aci-form thenneutralized the varium hydroxide. This
proceeded until finaslly the conductivity was due only to
the barium sslt of the gci-form.

In the reverse process, the reaction was not so
simple, for there was more than one change taking plece,
On mixing the hydrochloric acid with the barium agci-nitro-
methane the conductivity was due to the hydrochloric acid
and the barium salt, The hydrochloric acid then reacted
with the bearium salt to form barium chloride and the gci-

nitro compound. The conductivity then was due to these

two substances. The gci-nitromethane then changed into free
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nitromethaene which has no conductivity; the final conductive
ity being due only to the barium chlcride,

Hantzsch and Veit (52 ) studled the neutralization
effect of nitroethane by conductivity measurements., With
nitroethane and sodlium hydroxide neutralization tock about
forty minutes at 0° and three minutes at 25°., The fall of
conductivity on neutralization of the bariumvsalt with hydro-
chloric acid at 35°C took about two days.

In 1927, Branch and Jaxon-Deelman(67) also
stvdied the effect of neutralization on conductance. They
exrressed the conductivity of gci-nitro acid in terms of the

17
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conductivity from the measured conductivity and di
result by the final.conductivity. This velue was proportional
to the concentration of the negative ion of the aci-nitro
compound assuming that moblility of the ions was' negligible
during the experiment since the solution was very dilute and
the total conductivity never changed more than forty percent,
The curves for a number of reactions were plotted and the
rates of decrease of conductivity were found to diminish gt

]

-
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LT ATy w<
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proportionsl to the conductivities and remain thus.
This, according to Branch end Jaxon=Deelman,
indicated that at first two simulitaneous reactions took place

fellowed by a simple resction which is in accordance with the

views of Hantzsch and Veit(52).
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2, Absorption Spectra - Baly and Desch{€8)

found that nitromethane and nitroethane gave s shallow
absorption band at 3600A° when examined in s tenth:normal
alccheolic solution. When one equivalent of sodium ethylste
was added, the band was removed., Bub, it was found that if
the solution containing nitromethsne was allowed to stanc
over night and then diluted that a new band develcped at
330040°, The alkaline sclutlon containing nitrcethane re-
mained unchanged for many days. Baly and Desch, hence,

concluded that mennitreoparasffins show a small, but distinet,

About the same time, Hedley{869) while making
similer studies, came to the conclusion that mononitro-
reraffins only exhibited a continuous sbsorption. This
absorption was increased with the addition of glitgli, but

- no band was produced.,

Zelinsky and Rosanoff(70) studied the ultraviolet

gbsorption spectra of a number of nitro compounds, With

nitrorethane the absorption incregsed considerably in passing

from the free nitro 3o the sodium sz2it,. With nitroethane

C
AY]
(¢
(o]
=

cf
-

there was selective absorption wnich changed U
spectra on the formation of the sodium szlt. B-nitropreopane
acted similar to the others having a maximam at 35600A°.

w ~nitropropane was found to have a greater general gbsor-
ption in the free state and & more selective gbsorption as

—

odium salt. The maximum was at 3500A°, However, a

0
n
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yellow color was formed on the addition of scdium ethylate
and the increased absorption was thought to be due to the

formation of this colicr.

2 de " ~ . +
Tetranitromethnene was found te have a large

K Foa] I S—— < 3 2 ~ ry o >
selective absorption, the meximum being at 2975A%. w-nitro-
phenylmethane gave curves similsyr 0 the primary niirocompou

The maximum absorption was at 34654°, With w- nitrocycl-
ohexylmethane selective abscrption only occurred with its
salts. The mexirum absorpvtion was at 344C3°. Ti
nitro compound showed a marked general absorption. Free

two absorpticn bands at 350C and

£

nitrocyceclohexane showe

3720A°, Tts salts showed a general absorption. Similar
curves were found for l-nitro-i-methylcylcopentane,

o 3 1

The gbove authors found that the introducticon o

)

other nitro groups caused sn incresse in general absorption
along with a greater selective gbsorption. Hedley(69)
clzimed that this was due to the formation of a quinoid
structure. Baly and Collie(71), exﬁlained this as due to

the residual valence of the nitro group.

0

Zelinsky and Hosanoff then came to the conclu-

+

ffe

n

the genersl

fube

=

sion that there shonld be no 4

W

ence
character between the absorptionrn curves of the mono- and
dinitro aliphatic compounds. This conclusion was contrary
to the results of Hedley’who found no selective absorrtlon
for nitromethane.

Hantzsch and Voight (72) disagreed with the
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conclusion arrived at by Zelinsky and Rosanoff. They clained
that Zelinsky and Rossanoff overlooked the fact pointed out
by Baly that g solution of nitromethane is not stable and

forms nitroaceteldoxime which is e conjugeted sci-nitro

compound snd snhows selechbive absorption.

Hantzsch and Voigt. came to the conclusion that

true nitro groups show weak selective absorption at high

|

ther -N0p groups or other unsaturated nsgative groups
scarcely influenced the absorption of true nitro compounds

but increased enormously that of the aci-nitro-compounds.,

i

This absorption, aiso, differed fundamentelly in ithe characiter
and the strength of absorption from that of the simple gci-
nitro compound.
Hantzscn and Voig+t based this conclusion on
ome of their own spectromefrical work(73). They found that
there were three forms in the nitre compoundé. First, thers

was the true niiro compound or group which gave a feeble

ective absorption, a flat bend at 34134°, Secondly, there

-

sel
was the gel-group = C:N58H which gave wesalt genersl sgbsordtion.

This group was present in the sglts of the nitro compcunds.

’.LJ

inally when this ggcl-group was connected with another nega-~

ot

ot

ive group, it portrayed strong selective absorvtion. This
group they called the conjugated aci nitro.

They explained that the strong selective absorpbion
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may be due to lonization of a ring-form of the nitro compound.

X\ x~
/ \\‘ . / \\\\
Rl _u _Ee0 g, D HeennHg0 ——
NO.0 W00
P
ReC “H,0" + HT
NQ+0~

x = a negative group such as NOg, CN, COOCH, etc.

They also indicabted that conjugation of this sort gave sta-
bility to a compound, For instance, fulminmuric and nitro-
bYarbituric acid cannot be converted to the true nitro compound
by use of sulphuric acid.

Although there is a disagreement between authors
as to absorption,all indications show that the free nitro and
the aci~form have differeont structures. The possible struc~
tures that can be reoresented ars those of Hantzsch(47) and
Mickael‘s(Sl) for the aci-form.

H : H 0
CHg - C~-N=0 CHy C=N=0H
0
Auwers and Harres(74) in thelr study of spectro=

chemical groups found that there was no support for a thres

In 1930 Shriner and Young(75) found that the
absorption curve for optically active d-2~nitro-occtane was
different from that for its sodium salt in the visable spectra.

.

The views presented show there is no definite

agreement among the authors as to absorption of ggi-nitro
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compounds. It mast also be noticed that in all cases the
aci-form was studied as a mebtallic sglt. 1It, therefore,
seems possible that the change in sbsorption from the norum-
2l nitro compound to the aci-rorm was not due to tautomerism
but due to salt formation,

T

el achtd

= o P ]
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Py
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A 05N Y ST e
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¢

molecular changes were not always accompanied by selective
sbsorption. They found that if nitro-~camphor was converted
to the aci-~-Form that no characteristic band appeared, but

if the sodium salt was mede, & characteristic bend appeared

)

which did not change with execess alkell,

or
o

that both the normal nitro and geci-form should have similar

absorption spectra, However, a final test will come only,

-

when the sbsorptlon of a number of stable, aci-forms has:
been studied.,

3. OQOvutical Activitvy - Thus far it has been shown

from the many reactions presented that primary and secondary
nitro compounds have salt-forming properties. These salts
on acidification may yileld the original nitro compound or

the gci-form which may tautomerize to give the original form.

RpCHNO, —M04 5 R,.CNO,Na
\ lHCl
ReC:NOeOH
The gei~-form of a secondary nitro compound may
be represented by the structure, R'SC = N2 OH, as

suggested by Micksel(51). In such a compound the group,
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¢ = N , and the four atoms directly attached to it
would lie in a single plane. However, the discovery by
Kuhn and Albrecht (76) that optically active methylethyl-
nitromethane retained its activity when converted into its
salt seemed to indicate that the symmetricsal structure was
not correct.

Kunn snd Albrecht prepared methylethylnitromethane

in both laevc and dextro rotatory forms from optically

active secondary butyl alcohol.

=

£ 3 Et
S CHOH ———>  CHI —AgNG,  “CHio,
Me” e Me”

1=

b

They then studied the effect of salt formation on
the activity of the nitro compound. They found that if to
the methyl alcochol solution of the active nitro cocmpound
squeous caustic soda was added in excess the activity was
completely destroyed. If the alksall was not in excess,
the activity was incomplete due to incomplete salt forme
ation, Now, 1f they added a methyl alcochcl soclution of
sodium or potassium methylate to the sclution of the nitro
compound, the activity remained. This getivity was shown
not to be due to incomplete salt formation Dy adding an
excess of sodium methylate or by diluting with water and
extracting with ether. There was no decrease in activity
in either case., If the free nitro compound was present,

it was removed with the ether extract and so rotaticn must

}

have been due to the salt alone., Bromination of the act

'!'Te
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product produced the optically active Z2~bromo-Z-nitrobutane,

QHa C‘Ha Z O
CgHs - O - 1\]02 W CnI’r5 - 0 = N - CNa
[4],= + 9.14 [4,= + 5.50
'z HCL1
CHs CHa
CzHg C - NGz CzHsg - ¢ -~ NOz
Br H

Addition of a lsrge amount of ether to the
alcoholic sclution, containing the active salt, gave s
white solid., This white solid gave an sctive solution
when dissolved in cold methyl alcohol, Anslysis of the
salt showed it not to be the pure salit. IL contained a
high coentent of sodium indicating the presence of sodium
methylate.

These results were confirmed by Shriner and
Young in 1930, (77). The resuits of their experiments are
represented by the following charts, Nitro-cctane was

used as the active nitro compound.

Dextro Series

CHg CHg CHs CHg
; PBrs AgNO LN
CsHl;‘;}CI - CH === CsHls-C - BI‘—O—-?;CBEJ_EC— !02 + Cshlac-OﬂO
H H H
[A],= + 10.23 [4],= - [Al,= +15.84 K, = +8.17
ka)og;»s/ \gg;z%
CHy
CoHys C - WOy «—3CL G H,y - C’\IOzNa CoHyol= ¥ 2 OK
[4],= + 3.86 [4],= + 3.31 [#] = + 3.74
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Levo Series

CHs CHz CHy CHs

' AgNO
CeHia C - COH P, C F:LGC"BI 2200, CeHypgCmNO0y + CeHisC - ONO
H H H H

[«]= - 10.25 [l= + 29.80 [4]= - 10.80 [d]= -5.85
NalClzHs {9 OH
CH CHx - 70
oo CHg
CSHJ.S C - C Hla C - I\IOQNB CeHlac NOzN
H *
| 2 . oA Dan ~ Y X arA
lep_ - N AY e S -] \Jau.la\.{ - vy
Br
[ly= - 2.20
Shriner and Young found that if eguivalent amounts
of the nitro compound and sodium ethylate were mixed, a con-

ant rotation was Immediately attained and remained constant

in
&r

over a pericd of twenty-four hours. The use of two equiva-

cave The same rotation as one

<

lents of sodium ethylate
equivalent. This indicated a complete conversion to the
salt and that the activity was not due to unrescted nitro
compound.

P

The nitrc compound was regenerated from the sodium

salt. This regenerated compound had a rotation lower than
the original nitro compound, 24% in case of dextro at -10°
and 71% in case of levo at -70°, Therefore, the sodium salt
must have been asctive in order to regenerate some active
nitro ccmpound. With potasssium ethylate, they found the

£

results to be the same as with sodium ethylete, This they
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claimed, indicated that the rotation was due to the nega-
tive acl-ion since the metal had no particular effect on

the rotaticn. Treatment of the £ -scdium salt with
bromine gave A -2-brome-2-nitro-cctane which was also
active,

Shrinrer and Young checked the pcssibility that
the active nitrite, formed in the preparation of the active
rotations. The d-octyl-z-nitrite was, therefore, treated
with sodiuvm ethylaste, The rotation on mixing was observed
to be *+ 3.46 and on starding had slowly increased tc + 5,00,
With two equivalents the rotation was similar except it
took a shorter time for the attainment of an equilibrium
value. They assumed this cnange of rotation as due to

the sgponification of the ritrite.

CHz  MaOCpHg CHy
CeHypsGONO — CgHyz - C - ONa + CpHgONO
H H

Their results indicated that the nitrite behaved differ=-
ently from the nitrocompound vhen treated with sodiun
ethylate,

~Attempting to prove more conclusively that an
aci-nitro group led tco an optical active configuration,
Shriner and Parker(78) rescted 4-methyleycohexanone with
d=3~cctyl nitrate.in the presence of potassium ethylate.

They found that the dextrc¢ potassium sglt of Z2-nitro-4-
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methycleyclohexanone precipitated out.

0 0
" i
C H c 0
PN 2N =
HC CHE Ceﬁlac - ONOg HgC C =N - CK
l I CHg . l |
EC  CHg T >  HaC CHs  + CeHyCHOECHg+CoHg OH
\C/ KOCBH5 \C/
s ON 7 N\
" CHs 7 CHg

d-z-nitro-é—methylcyclohexanone.
Similarly 4-methylcyclohexanone gave with _ﬁuz—octyl nitrate
the levo potassium salit. The solid active potassium salts
were isolated and analyzed eliminating the possibility of
the activity being due to some other active substance in
salts racemized in about an nour.
According to the suthors, it would be difficult

-

to explsin racemization if the activity were du

vue £o carbon
atom four. g
/ N\ =0
Ce zC ] N -« CK
I !
cs 3C
\4/
C
E “CHg

Bowever, if the compound had the following structure,

0 I
Gl 7

C ? N0,

| H CHg X

7’

it could tautocomerize to give either cne of the following
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compounds 1- ] Y
8]
I\ il —
/C% N 9
c C - NOg C c = N
| | or ! l 0
C . ]
\C/ C\ c /C
57 CH, X B oH, Jx
[ 4 ~

which would lead ro racemization., Such a tautomeric shift,
according to the suthors should not destroy the activity
if cdue to carbon four but would if it were due to carbon two,.

By carrying out the same reaction on cyclohexsanone,

ct

hey found that an active potassium gcienitreo salt was
formed which racemized in about an hour. However, the pro-
duct was difficult to iscleste, gave poor yields and was
hygroscropic. For this resson, no correct anaglysis for
nitrogen or potassium was obtalinede.

In order to eliminagte the possibility of The 4-
sasymmetric carbon atom and yet get a stable substence for
anzlysis, Horne and Shriner(79) treated dJ -tetralone with
d and £ -2-cctyl nitrates in the presence of potassium
ethylete. They found that potassium salts of & -pitro - -

tetralone were obtained which were inactive in every case,

Q Q
\/C\C - g% \/C\ N0z
= H o EECs N
[ . docl G Hy R } | K
Z \f\H/ = KOCsz V4 N CH2
wiso CHz

The reaction was carried out at 40, 22 and 0° with no active

szlts forming., Immediate treatment of the potassium salt
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with acid gave free @G-nitro-« - tetraslone optically in-
active. No gci-form was produced. For this reason, Horne
and Shriner thought the compound that was formed on nitra-

tion was

In 1935, Thurston and Shriner(80) reported a
partial asynmetric synthesis which was performed by
treating 2-bromofluorene with both d-and ,ﬂ—z-octyl nitrate
in the gpresence of potassium ethylate, Thecﬁ-z-octyl nitrate

ave s potassium salt which had an achtugl rotation of

aqu

+ o )
+ 0,06=- 0,01° and + 0,05- 0,01 for two independent prepara-
tions. The { -2-cctyl nitrate gave a potassium salt of

very low specific rotation, [d],= -1.71°. The salts
recemized rapidly. Immediate treatment of the Ci-pctassium
salt with acid gave @9-gci-nitro-Z2-bromofluorene which was
cptically inactive,

It is possible that the results of Shriner could
have been easily in error for the actual rotations were
small enough to be within the experimental error (0,05
C.01°), This error could have been easily due to impurities.

Milis(81) reported the resolution of phenyle
nitroecetonitrile by means of its brucine salt and converted
the brucine salt into an optically active sodium salt,

Attempts to confirm this work by Thurston and
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Shriner (66 ) have been unsuccessful. They, therefore,
attempted to obtaln optically active salts by means of an
asymmetric synthesis. Treatment of phenylacetonitrile with
d- or ﬁf-octyl nitrgte in presence of potassium ethylate

cave potassium ssglts which were inactive,
> b
CHs CN CHs

L atal

)]

CoHgCHgON + CgHgC = ONO 22880 1 0NO.K + CgHysCHOH
H

o

+ CoHgOH
The resction was repested several tines with changes in

temperature, the ratio of resctants and order of addition

of the reactants, but in no case cid the salts show any

S e e
SCULViICY «
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OBJECTIVE
The results presented in the historical section
of this thesis indicsted that there are thrse possibls
forms of aliphatic nitro compounds, namely, the normali nitro

form, I, the aci-form, II, and the conjugated acl-form, III.

I. II. IIT.
R : =N
¢ = N”O R\c- = -.40 7= N\‘\
R Yo g7 = o R-C=8;CH
0

That an gci-form; II, does exist hess besn shown
by the salt forming properties of the normal nitro form, I,

-

wveen

(/)

CONvVeETrted ©o

m

PR T 3 o
SCLavod g

‘..u

table aci-forms als¢ have
the nitro form. Reactions, conductivity and absorption
spectra of the salt of the nitro form showed the gci-form
to te different in structure from the nitro form, I,

For this gei-form, II, two structures have been

proposed, that of Hantzsch(47) R = C\-/§ - CH and

H _ 0
that of Mickael(51)R - C = N = CH v
V.

The reactions of the gci-nitro compounds were more readily
7 the use of structure, V, 30 the ring structure

P

of Hantzsch was discarded even by himself

T

It would, therefore, seem that the .C = N
group of the gci-form would lie in one plane, But the dis-
covery by Kuhn and Albrecht (76) and the confirmation by

Young and Shriner(77) that opbticsl activity existed in such
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an lon indicated that the structure was non-planar. Although,
not conclusive, results have been repcrted which indicated

that the aci-nitro ion portrayed optical activity. Therefore,

tc show cenclusively the structure of the gei-nitro ion, 1t
is necessary tc isolste its optical forms. OShriner and his

P . PGP SO NP S T SO T S P Ry & - £ revaa 1
cOo-~-workers Tried to 4o this by mssns of an asymnebric
J J

synthesis. They, however, obtained no conclusive results,

although, they had indications of an optically active gci-

)

ion, They were aiso unstle to isolate any of their products

because of the instability of the gcl-nitro compound.

.
lirhatic

3

the

£0
3

If coptical activity deoes exist 1
nitro group, it should be possible to resolve an inactive

i)

[¢)]

aci-nitro compound intc its optical antimers. Mills(

g

cf

RN S -2 LAl ~ 2
reportsed the resoclution of phenylnitroscetonitrile by

4
14}
L

means of its brucine salt. However, his work hes never been

confirmed. He gave no detalils of his experimental work and

has not mentioned it in any of his subsequent publications.
I, therefore, undertook to prepare a stable geci-

nitro compound and by means of optically active resolving

O

agents to resolve the inactive compound into its opticsal
antimers,
The compound chosen for study was S-gci-nitro-

2=tenzcylfiuorene.,
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" V. .
Such & compound is stable due to the negative groups that
are present., The phenylene group is negative and the benzoyl
group increases the negativity and gives stability to the

compound.

(205 P -2 ~ 4= e v A ad
The weparation snc gttempited rescluvion of
e e o e e B e 8] PR 1 am B e ey o —— -~
potassium J-scli-nitro-2-benzoylfilucorens has been discussed

in a previous thesis(86).

In the present work definite evidence has been
obtained for the isolation of an optically active form of
9-geci-nitro-2-benzoylflucrene,

e 2
Pirst, a

h
L&)

.
on ¢of the preparation

b

etagiled discuss
and composition of the active brucine S-aci-niitro-2-benzoyl-
fluorene will be given. Second, a discussion of attempts

to isclate z second dlasterecolisomer and also an act

cr
e

e

S &ac

o

sd.

[0}
(42

or potassium geci-Tform of the nitro compound will be pres

<

Thirdly, a discussion of the effects of solvents on the
racemization and decomposition wlll be discussed, and finally
condensation(23) to other nitro

the extension of Wislicenus

compounds will be presented.

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



PROCEDURE and RESULTS

Ae ZB=aci-nitro-3-benzoylfluorene

Potgssium S-gci-nitro-2-benzoylfluorene was
prevared by Wislicenus'condensation{23). 2-Benzoylfluorene
was condensed with ethyl nitrate in the presence of potassium

H

ethylate.
v /N\o K

Ha
c
,/\/ \/\COC&‘S CHOK l/\ | Y’wcocbﬂ; nu
L\//J \\/J * CkHNNO - %xt; o

oY 2.l o R ey o e oy P o PP e & [ L TSI T SO
ellminating the presence of Ly-products Tormed Dy GXidatlione.
The free gei-nitro-2-benzoylfluorene was ob ad

with cold, dilute hydrochloric acid, Acldification of a
hot solution resulted in an oil which crystallized on cooling.
The composition of the crystals was not determined.

The S=ggil-nitro=2~baenzoyls
ether., If concentrsated hydrochloric acid was added in excess
to an ethereal solution containing the gci-form, an oil
immediately separated whnich Turnea to a gum. There was no
blue color produced as was noticed by Hantzsch(47) in his
study of gci-nitro compounds, On standing, the ether evap-
orated, leaving behind light yellow crystals., “The melting

point of the crystals showed it to be different from the
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B. Brucine 9-gacil-nitro-S-bsnzoylfluorene

1. Prevaration and Composition - Brucine 9-acli-

nitro-2-benzoylfluorene crystallized out of an alcocholic

solutbion when eguivalent guantities of potassium PY-aci~-nitro-

(82

Sebenzoylfluorene and brucine hydrochloride were mixed
together, The salt crystallized out in greenisheyellow
crystals which had a specific optical rotation of about

+75° in chloroform and +70° in pyridine. ‘The rotation of

the salt varied for several 1 endent preparations from
+75 tc 76°, Brucine in chlereform has 2 specifiec rotabion

If the method of pﬁeparation was varlied so that
one equivalent of potassium 9~gcl-nitro-2-benzoylfluorene
was treated with two equivalents of brucine hydrochloride,
the yield was about ninetyessmems percent of the theoretical.
However, the specific rotation of the salt was only about

o

55° gas compared to 70° when equivalent quantities were used.

Wnen an equivalent of potassium Y9-gci-nitro-2~benzoylfluorene

)
|~.:
of

was treated withh an equivalent of brucine and an uivalen

-

of brucine hydrochloride, ths yisld was about sixty percent

et

of the theoretical and the specific rotation was about +75°,
These resulis seemed To 1Indicate two possibilivies.
The possipility trnat two equivalents of brucine hydrochlor-

iy

ide were necessary to react with an equivalent of potassium

Py e

containing one equivalent of the aci-form to two eguivalents
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of the brucine ion. The second possibility was that the
potassium $-aci-nitro-2-benzoylfluorene and brucine hydro-

the yield of

[¢]
2,
o]
w
e
o
@
H
(o)
fo
[¢]
ct
Q
jol
e
4]
[¢]
N
£
’—J
<
o
-
@
3
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o
o
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‘_Jc
ot
|
®
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fifty percent was due t0 the crystallization of one digster-

g
g
)

FC PR T |
Cing

-
GI0Tn

w3
i
Iql 1
o
o
(4}
Yo
Jo

were used, both dilastercoismers preclivitated out together,

causing the low rotation in the case of this brucine salt,
The excess brucine nydrochloride has a salting-out effect
which causes the second diastereoismer to crystallize out

with the first, The effect of the mixture of the two

along
dlastereoisomers causes the lowering in rotation of the
rucine salt,
I the brucine 9-
dissolved in chloroform and then treated with agueous sodium
hydroxide, the yellow salt of sodium 9~aci-nitro-2-benzoyl-
fluorene precipitated. By calculating the amount of aci-~form
from the sodium salt produced, the percentage of aci-form
in the brucine Y=aci-nitro-2-benzoylfliuorene was found to be
38.49 while the calculated was 41.85, The low result was
due to the solubility of the sodium sali in the solution:
The brucine 9-aci-nitro-2-benzoylfluorene,
affter treastment with sodium hydroxide, was extracted with
benzene and the rotation was determined in the polarimeter,

In twe determinstions, the specific rotations on the basis

of the amount of brucine that should have been present were
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-95.31 and -83.38, The specific rotation of pure brucine
in benzene is -102°.
Hydrogen and carbon combustion analysis also
indicated that the brucine salt was in ratio of one gci-
tro tc one brucine-ion., It slso showed thet one molecule

,

of ethyl alcohol was coordinated with the brucine salilt. The
calculated values for carbon and hydrogen for a one to one
aci-nitro and brucine molecule is 72,77% and 5.50% respect-
ively; with ethyl alcohol of coordination the values are

71.50% and 5.96%. An average of six determinations gave

for carvon 71.84% and for hydrogen 5.93%.

3
]

of this salt was slightly different from that of the brucine
9-aci-nitro-2-benzoylfluorene, the former being a bright
greenish~yellow whnile the latter was a dull yellov-green.
The specific rotation of the brucine Q-QQ;rnitro-z-benzoyl-
fluorene which was prepared in n-dutyl alcohol was found
to be +66 as against +75 in the case of the brucine salt
vrepared from ethyl alcohol. It was also noticed that the
light was sabsorbed to a greater exteni{ in the case of the
brucine salt with n-butyl alcohol and the rotation was
difficult to resad,

Treatment of the brucine salt containing n-butyl

alcohol with dilute hydrochloric acid and then oxidation

with potassium dichromate yielded the odor of butyric acidg
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thus indicating the presence of n-butyl alcohol of coordine
ation.
Carbon and hydrogen combustion analysis of this
salt gave low results for hydrogen. GCalculated for carbon,

71.99%; for hydrogen, 5.235%; found for carbon, 71.92%; for

rreted as due to the backward diffusion of water in the
combustion tube.

The brucine 9Y-aci-nitro-2-benzoyliiluorene 1s a
stgble compound which has no definite melting point. It
willl not hydrolyze when treated with water. This property
was used to rid the salt of potassium chloride which crystal-
iized out along with the brucine salt,

< = P & 4~
he foregoing resulis indicsted that one dilaster=

eoisomer of Y-gci-nitro-2«benzoyliluorene crystallized out
of the alcoholic solution, Therefore, seversl attempts were
made to isolate the other diasterecisomer. The glcoholic
soiution from which the first set of crystals was obtained,
yielded no active substance when cooled to =-10°C., The
product obtained from the alcoholic solution waé 2-benzoyl-
fluorencne.

It was found that if a mixture of equivalent
quantities of potassium 9=-gci-nitro-2-benzoylfluorene and
brucine hydrochloride were mixed in hot aslcohol that four

sets of crystals could be obtained at different temperatures.

The specific rotation of the crystals varied from +89 to
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+43°, The total smount that crystallized out was 57.4% of
the theoretical, The alcoholic solution that remsined had
a specific rotation of +5,5°%,

hese results indlcated that the fourth sev of
crystals was a mixture of both diastereoisomexs, hence the
low specific rotation. The mother liguor contained the
remainder of the second diastereoisomer which had a low posi-
tive specific rotation.

2. Tne Potassium Salt from active Brucine S-acli-

nitro-2-benzoylfiuorene - 3rucine Y-acl-nitro-2-venzoyl-

case, waere either the potassium sglt or the free gei-form
was isolated, they were found to be inactive., However, the
effect of acid or basic solutions on the salt led to some
interesting results.

1t was found that if brucine 9-gei-nitro-2-
benzoylfluorene was treated with anaqueous solution of potas-
sium hydroxide a specific rotation of ~51.33° was obtained
on the basis of the free brucine present,

If, however, alcoholic potassium hydroxide was
used the original specific rotation, rotation on mixing,
was =-05,02° at 23°C on the basis of free brucine. At the

end of about four hours, the specific rotation had changed
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to -75.6°. The rotation became constant after the end of
thirty hours at -82.87. Free brucine in alccholic potassium
hydroxide under the same conditions had a specifiic rotation
of =83.54,

Such a change in rotation could only be due to
two T thirty hours for the potas-
sium hydroxide to react with the brucine salt, and two, that
a potassium salt was formed from the brucine ssalt which had
a definite specific rotétion, hence, the rotation was due
to the brucine plus that of the potassium salt. The potas-

sium selt then racemiz

d slowly and finally the rotation

“

¥
¢
¢
o

was only due to that of brucine alone., This latter seemed

to be the case, for in the case of agueous potassium nydrox-

By - 2. e I s -— o .S
ide; the value became constant almost Immediately showing

that the reaction with the dbrucine salt took place at once.

his rotation then indicated that the potassium salt, formed

3

in the alcoholic solution, was active,

‘_lc

It was found also that if the brucine Y-ac

nitro-2=benzoylfluorene was dissolved In the least possible

amount of chloroform and a. saturated solution of potassium

jan

acetate in anhydrous n-butyl alcchol was added that a
negative rotation was assumed. This rotation then changed
slightly towards the positive, reached a maximam and then

changed towards the neagative, The actugl rotation at the

moment after mixing was -1,70°; after an hour and fifteen
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minutes, it had changedto -1.58° and finally beceme constant
after about sixty-four hours at ;1.65°. It was noticed that
when the rotation began to change from -1.58 to -1.65 that
the potassium salt of 9-acl-nitro-2-venzoylfluorene began

to orecipitate., This pobassium salt when removed from the

s that the reaction toeck about three hours To

[ 2

ve offered
come to equilibrium. The later change from -1.56 to -1.85°
can be easlly explained. The potassium salt while in 30l1-
ution was active, hence, the rotation was due to the potassium
salt and brucine acetate., As soon as the alcchol of coor=-

1t racemized or decompesed and

)

D E o o A 5 " ATAAYY o
gingtlon was removed, the s

Z
]
b
4
/]
e
w0
0
ct
g
L]
w
}—J
<t
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O
L]
3
O
<t
o
0
/4]
§
[ 6]
15
e
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o
Q
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ct
(o}

be potassium 9-aci-nitro-2-venzoylfluorene. Calculated for
potassium was 11.05%; found, 10.98%.

If the brucine 9-gci~nitro-2-benzoylfluorene was
dissclved in a saturated solution of potassium acetate and
anhydrous n-butyl alcohol, the rotation remained at a con-
stant value., There was no change in rotation. Attempts to
precipitate out the potassium salt were unsuccessful. The
addition of chloroform or ether only precipitated out the
potassium acetate., The specific rotaticn of the brucine

salt in the saturated potassium acetate solution on the

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



~53=-

basis of amount of free brucine present had a specific ro-
tation of =-86,54 while free brucine under the same conditions
has & specific rotation of -88.37. In one attempted there
was an indication that the solution changed from an actual
rotation of =36 to =.,43 but this could not be confirmed
by other runse.

When a suspension of brucine ©S-aci-nitro-2-
benzoylfluorene was treated with diluve hydrochloric acid,

the pale-yellow S-gei-nitro-2=-benzoylfluorene mmrecipitated

—

=

out. This aci-form showed nc activity. This was the case
alsc vhen the precipitation was performed at about -10°C,

In glacial acetic acid, however, brucine 9-gci-

nitro-2-benzoylfluorene gave an actual rotation of+Gll which
changed to-6.08 after thirty minutes. The specific rotstions
accordingly were +5,82° and -4.04°., The specifie rotation

of brucine in glacial acetic acid is -800°, “his indicated
that the aci~form was active but racemized readily to the
inactive form.

These results indicated thsat one diastereoisomer
was obtained and that the potassium or gei-forms are only
active for a short time in sclution and soon racemize to an
inactive form,

S. Iutarctary Effect of Brucine 9-gci-nitro-2-

e

benzoylfiuvocrene., - It was notliced, that when brucire 9-gci-

nitro-2-benzoylfluorene was dissolved in chloroform the

rotation was not constant., This change at first was very
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rapid and then gradually decressed. The value changed from
a high positive values to a high negative value. .

The time was pleotted against the 16@ of the con-
centration, ocne over the concentration and one over the
concentration squared but in no case was a straight line ob-
tained, but the slope of the curves in all three cases were
similar.

On the basis of these results, it, therefore,
seemed that the change in rotation was nct due te any oﬁe
effect but to two or more simultaneous reagctions. If one

ilooks at the structurs of brucine S-geci-nitro-Z-tenzoyle-

cne will see that severszsl simlégreous reactlions

digstersciscmer, it mey racemize. Second, the sglt mey
mitarctate, for brucine sglts have been shown by Adams(82),
VMcXenzie (83), Kenyon{84) and others to mutarctate in chlor-
oform. Thirdly, the brucine salt may decompose. Due to
ailr oxidation brucine hydronitrite,; 2-benzoylfluorenone and
potassium nitrite may result.

o
N OBsuc:Ne 0
C

ANV N, s
K/ \) o K/I—J \) 4 Brucine WG

It also may decompose to give brucine hydronitrite and a

dimclecular compound.
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2 N= 0 BrRUC! i
COC,Hs ' COCeHs
— + Brucine. HONO

COCeHs

Then brucine hydronlitrite being an unstable compound may
decompose to glve brucine and nltrous oxide which would add
ancther effect. Finally, the alcchol of coordination present
may be oxidized to acetic acid by the nitrous acid. The
acetic acid may then combine with brucine to form brucine
hydroscetate. The fingl rvotatlion seemed To Indicave that
brucine acetate was an end product. v

It has been shown previously in this thesis that

y

the brucine Cegci-nitro-Lw

b nm

cenzoyliiuorene crystallizes out

of ethyl alcchol with a molecule of ethyl alcohol of cocor-
éination and out of n-bubtyl with g molecule of n-butyl
alcchol of coordination. The salts obtained from these two
sclvents should gct differently when dissclved in chlorc-
form. The n-butyl alcochol, being g heavier molecule than

ethyl alcohol, would be expected to breagk away from the

l—'l

brucine sslt more resdily snd, therefore,; the decomposition
£ the brucine salt woull be expected to be wmore rgpid, A
study of the rotations of the two salts in chloroform showed

this to be soe.
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Rotation of Brucilne S-gci-nitro-Z-benzoyliluorene with

Ethyl Alcohol of Coordination in Chloroform.

Sclution

(Curve I)

Brucine salt(0.502C g.) in 25 cec. of chloroform.
Temperature 23°

Length of

Time in hours Reading Zero Re

0 Q.47 3.50
C:08 0.83 3.50
0:10 0,03 3.50
0:20 1,03 3.50
C:3C 1.0¢ 2,80
0:45 1.15 3450
1:C0 1.19 3¢50
1:3¢C l.28 2.5C
2:30 1443 3430
43145 le@o 3050
8:00 1.87 3450
23:00 292—; UQGC
31:15 2444 3.50
47:00C 2.69 3.3C
72:00 3.C8 320
85:00C 3636 350
143:00 381 3650
16¢:00 3.1 3450
217:00C 4.2C 3450
293:00 4,45 3,50
38¢:00 4,61 3 .50
485:00 4,77 3«2C
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polarimeter tube twoe declimeters.

Pes
[de
75.75

656 .76
6351
61l.76
60.26
58,76
57.76

g5 15%

51,756
47,51
45,76
31l.51
26,51
20.23
10.25
3.50
-IolO
’“.25
".Ll 050
-23e75
=27.78
=31.76



Seclution IT

Brucine salt(0.3%46 g.) in 25 cc. of chloroform.
Polarimeter tube two decimeters.,
temperature = 23°C.

Time in hours Reading Zero Reading . Idﬂa
C: 00 1,15 3e +2 .38 +75.39
0:25 1.68 3.53 +1.85 +583.60
0:55 1,73 0053 +1o}?4 +55011
2 GO 2.00 3 3 '*'1053 +4804:6

21:20 2.65 3603 +0.83 +27 « 87
67:40 3457 30503 =0,04 - Ll27
11S:20 3.98 353 ~0.45 -14,23
142:30C 4,14 3.83 =Ce561 ~-18.32
165:20 4,36 353 -C.83 -26.29
16¢:00 4,40 3.53 -C.87 -27.55

Sclution ITIX

Brucine salt(C.3985g.) in 25 cc. of chloroforn,.
Tempergture 23°C
Polarimeter tube twc decimeters.

23
Time in hours Reading Zero resding Jbl 4,

0:00 1.10 3.53 +2,43 +76 .22
0:25 1.62 3453 +1,.91 +59.91
0:55 1.75 3.53 +1.79 +56.15
2:20 1.91 3.53 +1.62 +50,82
21:20 2.70 353 +0483 +26 ,08
67:40 3.61 3.53 ~-0.08 = 2,51
119:20 4,00 3.53 ~0447 -14.71
142:30 4.24 3453 -0.71 -22.27
165320 4;42 3.53 -n.89 =2 092
199:00 4,50 3.53 -0.Q7 -38.31
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Rotation of Bruclne S-gci-nitro-Z-benzoylfluorene with n-Putyl

Alcchol of Ceoordination in Chloroform.

Solution I, {Curve IT)

Brucine salt (0.1584 g.) in 25 cc., of chloroform.
Tempersture 23°,
Length of tube, polsrimeter, two declmeters.

*3

Time in hours Reading Zero resding & ],
0:CC 2.54 Sal8 +0.84 +H56,8¢
Q:05 2.88 3 .48 +0 82 +64 .71
0:10 2.74& 348 +0.74 +58.38
G:20 2.83 3.48 +0.653 +351.29
C:30 2.80 3«48 +0 658 +4 5,76
0:45 3500 3448 +C.48 +37 « 87
l:00 3.08 3.:48 +0. 42 +33 .13
1:3C 10 3.48 +0.38 +2¢.28
2:60 Sels 3.48 +0,34 +26 .83
3:00 3.23 3.48 +0.21 +16.57
5:30 Jel 3.48 +0.18 +12.63
473383 3475 3¢486 -0 .27 =21 .30
73:36 5.88 33‘&8 "004‘0 "31055
121:58 SeS4 3648 0,46 =326 .28
26¢:17 4,01 3.48 =0.53 -41,82
253:57 4,0 S48 =-0,52 =41 .03

Solution IT

Brucine ssglt {(0.2C7C) in 25 cc. of chlorofornm.
Polarimreter tube two decimeters.
Tempersture 23°C.

23

Time in hours Reading Zero resding 4 L],
0:00 2.40 350 1,10 +66 ,42
0:05 2,47 3450 1.03 +6241¢
0:10 2.61 3.50 0.89 +53 .74
C:20 2.72 350 0,78 +47 410
0:30 280 330 C.70 +4:2 .27
0:45 2.84 3450 066 +35.85
1:G0 2.88 3450 0,62 +37 44
1:20 2.20 3.50 0,60 +36 ,23
2:20 2496 3«50 0.54 +32 .60
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(o7

The two curves here presented show the specific
rotation pletted ggainst time for the {irst few hovrs., It
can be seen that the salt containing the n-butyl alcchol of
cocrdinaticon(I) begins with gn initinl specific rotation of
about +66 while that with the ethyl slcchol(IY) is V5. The
gurve for the n-butyl slcohol of corrdinsgbion{I) chows a rapl

change in rotation for the first few hecurs which then grad-
wally decreases. The ethyl alcohcl curve(II}, howvever, shows
a very rapid rctational change lor the first
which gredually tapers off,

T fcands+
e R g

)]
'3
r
0]
0
@
o3
ot
s
o)
o
f—
e}
o]
g
[}
’..J
O
2
o
o
o)
B
el
'.J—
o
ct
'.J
o
S
»
)
7
®
o
-

clzomers are

there should be a difference in the

o . o~ ) 3 e 3 2
iized in 20% yield from alcohol. Three irdevendent Jetermine-

abicns gave specific rotations of +58.,20°, +32,887, and
6

rhad a specific robetion of gbout +75,

n in crloroform Tor tre

o]

The change of rotghl

three different mixtures is given in the follewing talles.
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Mutsrotary effect of a mixture of one ecuivglent of votassium

c=gcl-nitro-Z2-bensoylfluorene with one eguivalent of

P

védrecehloride in chloroform.

Soluticn I

Potessium C-gcl-nitro-2«benzoylflucrene (C,Z280) and
Cet of g grem of bruclne hydrecchleride were weighed
into a 25 cce volumetric flosk. Thloroform was
added and the sclubtion wes filtered directly into a
two decimeter polarimeter tube,

Temperature - 23°
Amount of brucine salt formsd was (0.6588 zraris)

23

Pime in hours Reading Zerc reading = [},
0:CC 192 Sed8 +1eS80 5%.2C
C:Co 2,03 3.45 —1 .43 54,28
C:1C 2,12 348 +1.26 51.60
O:ZO 2.17 3645 "-“loO.:. ‘Z‘QOTS
C:3C 2.22 348 +1.26 47 J£2
0:5C 2432 Dedl +1 .18 44,02
1:2¢ 2437 P33 +le.11 42,12
2:20 ?.GC 304‘8 "'C.C‘C‘ 55.59
3:35 2.84 348 +C,64 24 .,2¢
19:35 3.SE Se4S =Codd =i8.7C
£3:45 3496 S 448 =Co 48 -12,22
75 CO 3096 5048 - '048 ‘-180?2
12340 SeE0 SedB ~C,48 ~18.22
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Solution IT

Potgssimn C-soi-nitro-S-benzoyiiluorene (C,
with 0.40CC z. of brucine hydrochleoride in

chloreoform, Iobtation in twe decimeter tube
Amount of brucine seglt formed was (0.65S88.
Time in hours Realding Zero regding a
0:CO Q.70 3 el 2678
C:lc 0.70 50‘:53‘ :z o'/’H
C:EC Ce75 33 2782
225 Cal S4d2 2,30
- - - o~ - o~ [ d ) i faled
T U Lellz Ot RS
¢l:1¢C Se2D Sei3 Cel3
— ~ rr
13715 3.75 348 ~C 27

Solution II1

amounts of salts and conditions samée as in
Pime In hours 2sading Zero reading %
C:CC Cel3 348 2.93
C:1C CeB8 PSS 262G
2:CC C.32 Je43 2eES
18:45 1,87 3 .48 l.81
¢i:CO Se07 348 - 21C
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o

™2 chgnge for egch sclution is &ifd

~
(=9 v ~ ~ - - -

s A~ ol N, e Imiooritandt and inteorcating Jactor is

SLILECYICHV . moewevelt, vile LUMDoTvany andl Inulltisoani LalToer LS

=3 =1 ‘nitial »rctatd is less the Toa =1 bhe ovrucineg

U..?Lat (o5 2 _nl ulai >~ Cv“ J..-C-. —-—— -~ Liig il A =20 Ca ! - Al

PR | ~ an R aldE A avimantaA v
Udr Syl ve oo AN R "~ e e et ] -

. L bl 4 . . -y e i B . ~ P e oy Tme v e o~~~
wriie slow crystalliization from alcCiidol ives TUL OnNSe

mentioned(page 46 ) that wrnen ths bdrucine Yeacli-nitro=-Z-bden-

zoylfluorene was crepared Ifrom cne ecuivel:snt of pofassium

3 2 -7 ES I 1t K+ L QS N PR P
hydrochloride, ¢C5 of the salt precipitated out {(Zein a-
¥ .

: - y A} or-. I S ST - 32 R ] 4
stercclisonsrs)e Thne rotgation of thiis cglt is similar to

bernzsoyliluorene and brucins hydrochloride in chloroforme.
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luterctatory ={fect of brucine T-gci-nitiru-a-
venscylfluorene proparad from two equivalsnts
ide and cne eguivalont of
N

brucine hydrochlorid
pobassium aci-nity

r -~ )
- . - - . FA oo - \ =4 3 3RO
Brucinag s53lt {(Texd88 e, In 285 cc. at 33
of gnnyvirous Zhlorolorw
: e
Colarimoter tube - LHyo Jdeclma2tars.
. .. oy~ e — S -
Time in hours Regding Sero rsggding A
= = =~ . o
0:00 1,38 SeDO +LleSZ
- - = fend =y - b dend
‘~-’:CC) lcr?‘:‘ O e -l. Lo
-~ - ) LI e g N -y
200 Z2.18 3450 +1le32
Tt e AT = 7y -~ 50 KN e Pl
ERGE-A- 2] Dedf e oW FU OGO
oy pey it e
éé:‘la ‘:’L_l) O e DU -~ e <
o e A an 3.3¢ =1 ,30
=310 L B0 GINE3Y
3 -
Soluition IX
L) f ~ = ~ D= ey -~ L
Srucine salt (0.2038 go) in 25 cc. of chloro
S )
C.E S0 .

Time in Hours aealing Zero reading G
C:00 2.61 5648 +0.87
0:05 2471 D& +Ce77
015 2.89 Se43 +C o83
0:35 2.83 S48 +0e60
1335 2.C0C S.48 +0:.49
2:33 5.03 Se 482 +Ce40
7:20 345 3«43 +0402

23:2C S.84 S4B =0635
2C1:35 5638 3458 =047
503135 £.20 3.48 -0.72
182:05 Lo27 S48 ~0e79
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~358=
Latarotary wirlect o rucine ¥Y-aci-nitro-2-benzojyl-
Uiagrene I ovriding.
Ny LGty el
L.‘\.:r._. e
Lanrv Aty oo 1T E it St at7 \ Ty Ty A~ AT e TS e
zrucing galt {0,249V 50} In Zo occec. ol pyrialne
at 4%,
i -y 3 3 3 2 A
rolari.eter tube - twe decinevers.
L
e 3 PENA |5 PRI SN [y TS e
fice in neurs Headling Zero resdinz & ﬁﬁh K
X

C’: ';"O lo:-)é
0:10 1.38
C:20 1,31
TedB 1,74
1:30 1.82
o2l 1.39
732 Z otk
23302 ZANGIS

QLN RO O

2 ¢ 6 e & @
T [ S I

[+

G Mmoo

N

[VeR ¥

+1 .34
+1.13

GUuS CS
00105
00128
.C0115
.00130
.Q0024
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Rotgtory Effect of g lixture of Fotassium ¢-gci-nitro-

2-benzoylfluorene agnd Brucine Hydrochleride in rIPyridins,

Potassium S-gci-nitro-Z2-benzoylfluorene {(0.,184C ~.)
mixed with 0.2000 g. of brucine hydrochloride in 25 cc-
of pyridins.,
otation was studied in a two decimeter tube at 23°,
A iount of brucine salt present was o.317z3
Time in hours Reading Zero reading A [oﬂs:3
Q:C0 1.5 3.48 +1 .63 +$82,27
0:10 1,85 3648 +1463 227
0:2C l.853 348 +1.63 TE2 .27
J:35 1e53 Se48 +l.65 TOZ el ¥
i:10 i.8C 3448 « 28 +60 .37
1:30 1,¢8 3.48 +laL; +58,44
6:25 2,15 3.48 +1.33 +50,82
22:35 2.43 S48 +1e 0D +2(,12
34:38 2.45 3.48 +1403 +3G 434
48:C5 2407 3.48 +Co.C1 T34 .76
65:55 2,79 3.48 +0 .66 +26 .26
117:4¢C 3.21 3.48 +0 427 +10,31

Solution IX

Amounts gnd conditions same as in Solution T,

23

Time in hours Reading Zero resding o E*]n
C:00 l.c4 3:48 +3 .54 +58.83

0:30 1.04 342 +1,54 +58,83

1:1C 202 348 +1 45 +35.78

1:35 2.14 3.48 +1,34 +51.1©

2:55 2.25 3.48 +1.23 +46 450
18:30 2.45 3.48 +1,C3 +2C 34
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The alcohol of ccordination plays an imdortant

~
b=
b.’.Lus : ’ a®
™ 0
£ ° Vco
. o
- + A
° Il b ar
v x a4
x
.o X3 o o
rT OO
R H 2Qe
o
@0
Ll hd
205 Caip ) Brucine,
S

In doinz this it zZrevents the electrons from resonating

nence, stavillizing the ion anld causing 1t To crystallize as

or basic solvent such as pyridine, the alcohol first comes
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ofT and then the ion racenizes since pyrizine woes noT nine-
der the racemization reacclon. Yils taites rplace awr lng
first hour and then decomposition btegins to take place.

Therefore, since 1t nas veen demonstrated taat

. R o -~ [RERES K3 - 3 [ 3o
the condensabtion ol Uislicenus(28) can be extended to the
mrramamal fam AF AaArimlas IEYA AammminnAds and that alraloidal
B - s R ~ R i Tl g i e ] —— -l —_—— R = = =

conoliec solution from whichi they separate in crystalline

vl

form withh one molece

to 2 more stsble a2liphatic nitro compound. VWhen such

a compound is found and resolved, 1t may De possiclie To

. . o~ [ ~ YV e e mmde v o e Flaaga ~ et vaem
isviate 1t {rowm e aLfaLCid 1n 1 &CCLY 10YI vinuUS gaving
~— _~ DD a2 de - - - — L P ar I AV AT TiAAa . ~Tvaa S xr AT

a DICTE i:::_'. PR RV -] SnsIwer v1e] Vs \1.,:9-' Ao L wia'w :3.:3". .L&L.V‘J.'_J .

the carvon Jjoined to the nictrogen in alipanatic nitro comoounds.

ci-nitro-2-dDenzoylfluorene (I)

s
4]
7]
he
[ 7]
@
%]
fe]
(¢}
ot
[
[/
&)
}._-
:
W
i
€3

The following new ccmpounds hnave been prepared; potassium

vorene (IIj, Dotassium S-aci-nitro=-

nitrofluorene {(IV),
=0 éo
(< ¥~0n PO\ Be3%8

(|:l- C otts Cbus-g °€'C‘o\ S
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HAleAaIMENTAL

ae. FPreparation of irucine ¢-acl-nitro-2-tencoylflucrene.

on of potassium v-gcl-anitro-2-ben-

[ N

l. Frepsrat

zovifiuorene - An apsaratus was assemblsed as shcvm in the

)

a

-+ P S Sy
LeElt U

0g

f

- e ma var ~ > var
)i rEtas UL e Oowe

By a

+laAas sy wrd i i e
1% ES OSSRV ARSLS

£,
'tr‘i)
{n

. e
; TR T
QLI e

(o))

5as 725 grams of clean rotassiwa was added to rlask(a),

contalning 5C cec's. of dry benzene. A dropeing funnel con-
talning 50cc's. of gbsolute ethyl alcohol was inserted at

Dni‘aco**ﬂv
™ NV QAL W L e

[0
[
QO
Q
In ]
¥

<3
©
]
ct
o
Ny
ot
O
i3
[¢]
<t
b}
}.J
§0
0
0]

addition took freom an hour to two hows. In 200 ce's., of

rais oI Z-penzoylliiluorene was dissolved.

C"'i

ahl . o . i PR [Ep— ~ e -~ DY A A 2 B U T Ter ad 4 s -
LDAE 00U 80 LUTLOn WaAsS atded TO L ia8ufiis} L ivoesd wioar oad
. p 3 T, . ~ . B N IR PR S o I
Jiecanicas Aercur;—3¢gleu sulrrer(¢) ard o COnIaensSer {(rj,

constantly so thabt a fine sussension of tne Z-venzovliiluorene
was Iormed woien the solution nad coocled. ‘nisn tne sclution

into the flask. 'hen condenser (3) was stoppered tightly

the nitrogen forced the potassium ethylate from flask (&)

into (D) at a constant rate., The potassium ethylate was
-

added slowly. The solubtion at (D) turns orange on the first

"\)

addition of pobtassium ethylate and then an ocrange-yellow
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crystalline potassium salt began to mrecipitate. After all
the potassium ethylate was added, the apr.aratus was corked
tightly and the mixture was allowed to stend in an atnos-

phere of nitrozen for shout twelve hours, After this tiue,

the cerystalline potassium Y-gci-nitr

O

«~2=benzoylflucrene was

10C cc, of poilins water, filtered and coolsd. after cocling,
dilute hydrochloric acid was added until a pale yellow core-

cipitate weas rorased. ine grecipltate was rilterea 29y sucoicn,

Asvce m~ ot D asans s Tdead A I _AC
Ly . wmL OO00 LCLLClU Qv U=l
—_—

Five-tenths of a gram of the gci-form was dissolvea

In ether and to this was gdded excess(dcec.) concentrated

hydrochleoric scids A yellowlsh 0il at once appeared whicn
on standing solidirfied, The solution showed no further
change. On standing the ether evaporated causing the agrear-
ance of yellow crystals which melted at 1329, The crvstals
were nolT Iurther ianvestligated,

2. cCrucine Y-agcl-nitro-2-penzoylfluorens,
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aydrecinleoride (one eguivalent) irn ¢l cc, of 2tiorl aliconocl.
Ihe tem erasure ol the 'inal solution was 50°. Iwmiediately

I-h
ot

vellow, crystalline drucine salt began to crystallize. The

s cmvm o TR - T 3 P T I S TS
sides of container were scravchiced =16 mere crystuls urneared
4 3 - o - [Ra R - 4=
which settled teo the bottom of the conta’ner., The crystals

were 1iltered gad triturated with walbter to renove the Do-

tassium chloride zresent and finally washed with water until

. 3 33 3 - - 7, Foeh I b . LR P B . N O |
vre vield was 11l.1 gjraus or oUk, fae vrucine salt sintered
:
2t 11 NA0 L3 FaaAacrmAgaSs et 17307128 °
AW s A LA CANU NS ranat s S - — e —_—— -
. I PR . £ A vy S e 3 s
A welgned sample of Q,3940 grems ol tie Truclne

G
Se
Q\
[}
d.o
)
"
o
(o}
)
O
}_J
Qn
pde
0
)]
[0}
oy
[
.
Y]
ey
Q)
(@]
(e}
o
6]
n
ct
H
@
0
o
o

N P s S PR | P B D | — e~ ~ ~3 g £ s -« b 3

Or eTthiyi alconscl gave a yicld of 228 grams ¢of the brucine
4 $ > . | = 7 £ 2y ) o~

salt on cooling or a yield of 351,8% of the theoretical,

A sample of 0,8020 graans in 25 cc, of anaydrous
chloroform wnen placed in a two decimeter polarimeter tube

2%
ab 259, gave o , +3.05°, [XJ, , +75.75°.

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



Preparation IIX - '‘'he tregtment of one ecui-

valent of the potassium salt with two eguivalents of brucin

=~

nydrochloride. In 14CC cc. of ethyl zlcohol 17,2 zrams

al

potassium ¥Y-aci-nitro-Z2-benzoyliluorene was dissolved at

830°C, To this was asadded a solusion of 40 srams of brucine
()

hydrochloride in 200 cc. of 957 ethyl alcohel. The yileld of

he salt after coolin

ct

excess brucine nydrochloride.,

Prevgration IV - Tregstment of one eguivale.t

cf the votassium salt with one egquivalent of brucire and

13CC cce ¢’ v2jr eftnyl 2lcohol and mixed with 11l.2 grams cf

trucing in 25 cc. oI glconol and 12,24 grams of brucine
bycrocnloride in 20 cec. of alccuel, On cooling, filtering,
and washing tne yield of tne brucine salt was 1.5 graus or
30,75, “he salt sintered at 1709 and decouncsed abt 18C-184°,

a sanple o 0L.,3982 pjrans in 20 cc. of annydrous
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chleoroform gave in & twe deciuebler tube ab 23° A, +2,33%,
- 23
[x], +75,22°,

Rotation of brucine in anhvdrous chloreform. -

Three-tentns of a grw: ¢l Lruceline in 25 cc, of cunleroform

. ISy 2 on : N
gave an o of, , =2.7¢°, 405_79 s =122.,25° in a two decineter

~ ol e oy N N al N a ] 5 - 5 I -~ -
chicroiorm = & swnple of ,&008 [ rawms 1In Z0 c¢¢. 0 chileoroform
L4235
N\ 13O Ty NG = i < = —~
Save gn A s Lozl T, [73‘/1 y =Li el in a ovwle QecLuaetor
cuze av 23%C.
S, [ SV AN beS -
ISrregural oon 0L Zrud LnE DL L OO SO L
Alcohol « & samnle of ten grams of »oftzssiuvm Casci-nitro--
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nitro=-2Z-tencoylflvorene precipitatec, It was filtered into
a welgred sintered crucible, wasned, dérled snd weizned. 4

sample of (.2145 grsms of the soldium selit was cbtained which
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was eguivalent to C,738QC grarns of the gci-ion(CgoHi1zCsX)
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o
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~
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0
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J:O“\A:‘_d: V20l VB 38¢‘l9.
analvsis of Brucins in bErucire dSalt - Samdle 1,
Brucine salt (L.CC21 _reaus) treated with 1o cc. of C,2N sodium

hrdroxide snd exiracted wltn four 2C cc. prortions of Tcnzene
cave at 247 in a two Cecilieter tube & , -0.81°, after
drying over calcium chlcride. The 11,0021 grans of brucine
salt was ecguivalent to 0.52435 of brucine in the extract.

s of this amcunt c¢f trucine [16}0 was =07 .27%,

& - ~ ~ 2

n Cne bast
LAaien YA T TMam iy mdm v mas = A N DT O lvn s A Uy
At A 20N LR - - - B A~ S I AT RV Uae e o Ciasnd i U iiv
e s et et

bracine salt, equivalent to C.2720 grams of brucine, with

15 cc. of C.2N sodiwm hydroxice gave an extract of 1C0 cc.

3 3 s s v g3 ac
with benzene, Yhls sclution in a two decinete:r tute st 24
af
. ~ AT 47 ~oy oA~
ave o{,, -Cad', /pu_;D , =00 407,
o v e Y e o 2 ' N e o
=~ Sample of U.8 grauws cf brucine in ZS cc. of
_ ¥
R - - . - e il ety S 2 o PN S -
cenZene Iave A s =Zex7, [06]0 -2C2.92 in 8 two cecineter
tube sb 24°,
sovr a2 il ratio ol the zci-nitro
GG T3S OrUC.InEe ln Tig TrLClng vegci-nlilro-Z-venzovyilluorene,
- - 3 < Ty s ~ 4= e - 2 LR e - ver - B, -
Zor 1 ©Tag raitlc was cne acl-nitro o Ltwo nrivcines the
RENES
~ % - S e 4 2 -~ Fad - pe r o I - -
corresyuending speciilic retaticons for sawple I end IX, wouzld
- vy S
CE =71.14 znd -53.08,
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- y -~ 2 ~ b - - v
actlive Drucine ve-aci-nivro-U-vtensoyliliucrene. - a zaugle
~ Ny rsl Twa - . I P = * - i - [
Of Cex20 ¢f the Lrucline salt Jdissolved In 2o cc. 01 Ulkdn
-2
agueous votassium hydroxide save A s =124, L%jp,-fa.i
) - -
at Z22% In a twe Cecireter toloriieter ftute, Phe robtation
ci tnls sglt calculsted on tne anount of brucine rresent,
SV
- - | e IT ~var : . S b hi
save ldﬂo y =CteCl. However, brucire would not disgsolve
=2 Y. OO o 4 R | . 3 - PO 1. N
in the CL,2N potassiwm hydroxide and sc no rotatlon wes talen
— T — T Pal s b= -~ =
JL TLE€ 1I'€€ CIUline

Lction of Alccholic votassium hvdroxide on

e gcoitive bricine S-gcli-nitro=2«cenzoviilucrene. .

srans of the trucine salt in

o= Tl

2occ. of alcokholic potassium nydroxide in & two Cecémimeter

+
(0]
ct
&)
ot
}.I-
O
]
.

tute st 23° save the foilowing

=]

3
o
o
f)} I
o
JG
&

fime in nours Reeadings Zero

[l

030¢C 5485 3,50 -2,15 -55,02
5:25 5.85 5450 ~2,35 -71.08
A;45 Geoo 3:50 -Q--C)L’ ~75‘50
23155 5.20 5450 ~2.70 =21.83
9185 S.24 3.5C -2.74 -82.87

1 K4 S I oo o~ P
1 The Ttasis of the amount of

L)
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8 grams of bdbrucine under the save
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Analirysis

of
fluorene wnich was not recristaliized i'rom the butyl alcohol.
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Q7w

~-nitro-2-nitrofluocrene

i_)l

C, rrepzsration of robtassium 9-ac

By tie use ol t.oe arparatus as described in

section (A,l) nigrolluorene was condensed witi: ethiyl nitrate
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= Y » i 1T red,
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CalCd' for 0152{71‘12 O%K . I/‘;’ RS) 029
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Analysis seemed to indicate that a molecule of

potassiwn ethvlate was associated wlth the potassium salt,

Calcd. CygHeNgOukeCpHg Ok K, 20,57

D. Preparation of Potassium v-aci-nitre-Z-dDeanzoyl-7-

Fotassium ¥-gci-nitro-=2-benzoyl-7-nitroflucrensg
was prepared by the condensation of 2-benseyl-Y-nltirellucrene
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