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HISTORICAL DE7EL0PME.WT

A. Preparation of Aliphatic fllltro Compounds

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

In 1872, 7s Meyer(3) prepared the first nitro—
paraffin, namely nitropentane, by the distillation of silver 
nitrite and pentyl iodide. In the same year, Kolbe(4) pre­
pared nitromethane by reacting potassium nitrite and 
potassium ohloracetats«

CH3C1C03H x KNOs  » fcH2 (ri02 )C02h]— » CH3N02 + C0S .
This method was later modified by Priebish(5) and in 1908, 
by St8lhkopf(S). Two years later, V. Meyer(7) prepared 
nitromethane by heating methyl iodide and silver nitrite.

CHS I + AgN0a -- > Agl + CH3N0s
Beilstein and Kurbatow(8) prepared mononitrocy- 

clohexane by nitration of petroleum.
In 1885, S. Gabrlel(9) prepared a compound, 

Ci5HloM3 06, by treating benzylidenephthalide with nitrous 
acid. This compound with dilute alkali gave 
^  CsH4

GO C(ONa) - CPhI'fa*iJSOs , which on acidification produced
phenylnitromethane and phthalic anhydride. Phenylnitro- 
methane was later prepared by the action of silver nitrite
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orx benzylic chloride by Holleman(lO).
By prolonged heating at 130°-140°C of a hydro­

carbon with dilute niti'ic acid in a sealed tubs Xanowaloff(11} 
prepared some higher aliphatic nitro compounds. He reported
r V i n r  *-» n 1 V* o v o r i  3  n r  n n  t1 a n «  frS l?M  n  i  r i i  'r .T 'n f4 nTrlnO i'iTiM  m _ r io w * *V i i v j i  .141 j V *  A V v  v- Ml  1W -XW w *  -W W .* *»» «■»* *  ..

ever, Worstall(12) shov/ed that primary nitrocompounds are 
also formed and that normal heptane is easier to nitrate 
than normal hexane. With decane 30fo of the mono-nitro deri­
vative may be obtained with fuming nitric acid.

Bamberger{13} prepared nitromethane by oxidizing 
methylsmlne by use of Caro1s reagent. He gave the following 
steps for the reaction;

n r .  r*TTT _ f/TTT ' .'T'-h ATT __, r  /lTT * r r r j  ___ r : ."\-rT_______n r r  ... rri c 3 r,'n2 ---- -> jurors nun j  — * un2 — nun  — » oxlg — fjyu n  — v 0 n 3 .i\!u2

He also prepared phenyImethyInitromethane by oxidation of 
the corresponding oxime. (14 },

By reacting sodium, potassium or barium salts 
of ethyl sulphuric acid with the nitrites of alkali metals 
or alkaline earth metals, Ray and Heogi(15 ) prepared nitro­
methane .

Walden(16) oreDared nitromsthane by using a 
dilute solution of potassium nitrite and dimethyIsulphate.

CH30S020CH3 + KN02  » CH3 0S02K + CH3N02 .
Steinkopf and Kirchoff(lV) also prepared it from sodium 
nitrite and the sodium salt of chloroacetic acid.

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



- 3 -

Bewad(18) prepared primary, secondary and 
tertiary nitroparaffIns by reacting zinc alley Is and chloro- 
or bromonitroparaffins•

In 1908, V/, Wlslicenus and A. Endres(19) found 
that ethyl nitrate would condense in the presence of sodium 
etliTlate with coEmounds containing a reactive methylene grcun 
to give the sodium salt of the acid form of the nitro compound. 
StOPOg + NaOSt + G6K5CH2G03Et 2EtGK + CSHSC :(NO*OWa)C03Et

Recent methods for the preparation of aliphatic 
nitro compounds have been developed alongvapor phase nitra­
tion. Hass, Hodge and Vunderbuilt(20) have prepared with 
some success crimary aliphatic nitro compounds of low mole­
cular weight by passing gaseous paraffins over hot concentrated 
nitric acid*

By a new direct method, T. Urbanski and Slon(21) 
have obtained eighty percent yields of nitro compounds. Their 
method consisted in heating the hydrocarbon vapors, paraffinic 
or polymethylenic, at temperatures above 100° with nitrogen 
tetraoxide. Mixtures of mono and dinitro derivatives were 
obtained.

H. B . Hass(22) gives In detail means by which 
nitro compounds, prepared by vapor phase nitration, can be 
converted into a number of derivatives. home of these are: 
nitroalcohols, nitroglycols, nitro&lkanetrials, amines, 
hydroxamic and carboxylic acids, substituted amines and 
chloronitrooaraffins.
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A number of the methods given here for the prep­
aration of the mono-nitro compounds can also be applied in 
preparation of dinitro derivatives, similarly for tri- and 
tetranitro compounds. Von Braun and Sobecki(23) by applying
V. Meyer’s Method(3} prepared dinitrocompounds of 
JMOs (CHa )n̂ i03 , from the corresponding diiobo- 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 acetic 
anhydride. Equimolar quantities were mixed and mixture was 
allowed to stand for several days.

In conclusion, the method of Wislicenus (19), 
the condensation of an aliphatic hydrocarbon containing an 
active methylenic group with ethyl nitrate Is presence of 
potassium ethyiate, was found both simple 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. Chemical Reactions of Aliphatic Nitro Compounds

The reactions of aliphatic 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 nabure of the reagent and conditions under 
which reduction takes place governs the products that are 
produced. Since, this thesis will deal largely with the 
structure of the nitro group, it will suffice to give only 
a brief historical summary of the different methods for 
reduction. A more detailed discussion will be devoted to 
reactions which deal with the constitution of the nitro group.

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

Primary amines can be produced from nitro com­
pounds by the use of tin and hydrochloric acid, stannous 
chloride and hydrochloric acid, zinc and hydrochloric acid 
and iron and hydrochloric or acetic acid,

^ -hydroxylamines can be produced by the 
reduction of nitroparaffins with stannous chloride and hy­
drochloric acid as first shov/n by Ltlbin(25) and later by 
Hoffman and V. Meyer(26). Pierron(27) prepared <3 -hydrylamines
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by ele ctro-reduction at room temperature of nitroparaffins 
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(31) made use of sodium sul­
phide, hydrochloric acid, calcium chloride and ammonium 
chloride as a reducing medium. Recently an electrolytic 
reduction of aliphatic nitro compounds has been developed 
by V e Bruckner, A. Kramli, and E. Vinkler(32).

2. Salt formation - The action of alkali upon 
aliphatic nitro compounds was first studied by P. Friese(33). 
He investigated the action of alcoholic sodium hydroxide 
upon nitromethane and obtained 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, Ref(35) obtained the sodium salt of 
nitromethane by adding sodium to an ethereal solution of 
nitromethane and evaporating to dryness. He found that, 
when a cold aqueous solution of a salt of a nitroparaffin 
was decomposed by dilute cold hydrochloric 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 nitrocompound.

H o H
2 R-C = N* + 2HC1— * 2 RC = 0 + N20 + H2G + NaCl. Owa

R ^2 R-C = „ + 2HC1 — > 2R-C = 0 + Na 0 + HsO + NaCl.O-Na
This indicated that the salt was of a different constitution 
than the original nitro compound, for if both had the same 
structure, the original nitro compound should have been 
totally regenerated. With dilute sulphuric acid he found 
the following reaction took place in almost quantitative 
yield;

2RCH = N : 0 *ONa + H2S04 — » 2RCH0 + Na 0 + Hs0 
He gave the following as the probable mechanism for the 
reaction:

0 ,0 
2RC = N-ONa + H2S04 — > 2RCH = N-OR + NasSO*

u

Decomposition then occurred forming an aldehyde and an in­
termediate compound which decomposed into nitrous oxide and 
water;

2RCH = if-OH — 9 2RCH0 +
if OH 
«
WOH

Bo 0 + Ho 0

Nef also found that by the action of methyl 
iodide upon the silver salt of dinitromethane ethyl nitrolic 
acid and formaldehyde were formed.
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0II o o
N*0 N=0 N=0

+ IC H j — > A e l  +  RC — » RC -t- HCHQN-OA£ * N-OCKj * N-OH
o o

’iien he treated the sodium salt of nitromethane 
with aqueous mercuric chloride, mercuric fulminate was formed,

a ir < '!z 0->Na \ 0  0
’ + CUHir —^ a  iv'aCL + 'H<r — », *■ o i\- ° A'*1*,

V < ^ - J  C - N ' -
* * 0 0

iilfc Oû ii OilO UOC Qi oIxO£»S5 rCaCwlUUOj 4tCi fiiiiOlVOU OiifciO i/IiS

, 0
sodium salt of nitromethane was CH2 = ^ o N a  an~ not

In 1876 Lecco(36) discovered that if nitromethane 
is heated with sodium ethylaie, a light brown powder, the 
sodium salt of methazonic acid, was obtained. On the sup-

r\position that the sodium salt of nitromethane was CH2-.Nf
aa *°TJ

he proposed the following mechanism for the preparation of 
the salt of methazonic acid.

Na o Na nii 1 ^ * 0HX - N  = 0 H _C= N"
iH' \
: Na J?i — > 0
H-C~N=0  H -C =n

H H V 0

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



It was found by Dunstan and Dymand(37) that If 
nitromethane was allowed to stand with a strong aqueous 
solution of potassium carbonate that the mixture became yel­
low and potassium hydrogen carbonate separated out. On 
heating the mixture two layers separated. The upper layer 
yielded methyl cyanide while the lower gave a nitrite, 
ammonia and trimethy1-Isoxazole,

ATT /"» _  /"l OTTwxijj ** Kj «—• L? ■■
i i

CH-x - C 0 
3 x*

He also found that warm aqueous sodium or potassium hydrox­
ide upon nitromethane gave a nitrite, trimethylisoxazole, 
ammonia, acetic acid and some resin. The ammonia and the 
acetic acid came from CKS- CsN yrhich was first formed.
Alcoholic sodium or potassium hydroxide gave trimethyl-
isoxazole, an aldehyde, nitrite and a brown resin. Calcium
hydroxide gave no action but dry ammonia at 0°C gave

JOCgH5!'I0!3 *HH3, which now would be formulated CE3CH=N •Orfilg.

Concentrated aqueous ammonia heated in a sealed tube at 
110°-120°C with nitromethane gave ammonium nitrite, acetoni- 
trile and trimethyl-isoxazole. Aqueous ammonia or potassium 
carbonate with nitromethane gave a nitrite, hydrocyanic 
acid and methazonic acid.

Dunstan also found that alkali on primary 
nitropropane at 100° gave trimethyl-isoxazole, ethyl cyanide
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and nitrous acid. Secondary nit-ro pro pane In a sealed tube 
with, aqueous sodium hydroxide at 115° gave acetone, nitrous 
acid, hydroxylamine and a cyanide.

Dunstan and Goulding(-33 } obtained the sodium and 
ammonium salts of methazonic acid. They also postulated a 
mechanism to explain the preparation of methazonic acid and 
trimethyl-isoxazole. They based their mechanism on Kef's 
formula of the sodium salt of nitromethane but the mechanism 
was long and involved.

For this reason, Scholl(39) attacked Dunstan's 
formula for methazonic acid,

K
“  i r

HGN=C~G
U

0 „ 0
and Tave = N - C = as the structure for the acid.

x 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 acid.

Meister{42) made an intensive study of the acid. 
He reacted it with aniline, chlcraniline and phenylhydrazine 
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 hydrolysis 
gave acetaldehyde and aniline, indicating a carbon to carbon
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linkage in methazonic acid.

C H x-N -<>  CH3
+ HjiN/0 — » I ---^  | + N H 5

h c = n- o h  h c =  N - 0  h c - n - 0

C H3c H 0 + <...J A

This eliminates Scholl's formula and is evidence in favor 
of Dunstan's.

meister also postulated tnat metnazonic acad 
may tautomerize to another form.

CHS - N CH = Nf°
■ ^  ^  — "  V QTJ

\ V I
HC = N - OH CH = N - OH

Hantzseh(43} confirmed, this oy means of spectral analysis, 
In 1935, Pry and Treon(44 ) found that three- 

normal sodium hydroxide with nitromethane gave ammonia, 
sodium carbonate and water while one-normal produced metha- 
sonic acid.
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C . Aci-Mtro Compounds

1. Preparation and Properties - 3 .  Gabriel 
and M. Koppe(45) found that if phenyInitromethane is heated 
with fuming hydrochloric acid at 150°C it decomposes into 
benzoic acid and hydroxylamine. When it is treated with 
alcoholic soda it forms crystals. These crystals Gabriel 
supposed to be due to the sodium derivative of phenvlnitro- 
methane. If the sodium derivative is treated with bromine 
pheny ldibromoni trome thane Is formed. Iodine in place of 
bromine produced C7H6NO. Indications pointed to a dimole- 
cular compound, (G7HshO}2 .

In 1891 V. Meyer (46 } i*ourd that if iodomethyl- 
ene is treated with silver nitrite an oil Is produced which 
forms with sodium ethylate an explosive white salt.
Iodoallyl when treated in the same manner yielded a very 
explosive salt having the formula, CH3 = CHCH^OjjNa. This 
salt on acidification gave nitropropylene, a light mobile 
oil, volatile with ether vapors. Treatment of the salt 
with benzenediazonium sulphate gave a crystalline azo 
derivative, CH2 = H CH = N - ON = N - CSH6 . Ethylene 
bromide also yielded an oil when boiled with silver nitrite 
which formed an explosive salt with sodium ethylate.

Hantzsch and Sehultze(47) studied the properties 
of phenyInitromethane after preparing it by adding silver 
nitrite to an ethereal solution of benzylic iodide at 0°*
Prom 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°. These 
were transformed into an oil when heated to boiling in an 
ethereal or alcoholic solution. A similar change took place- 
if the crystals were allowed to stand in contact with hydro­
chloric acid or in benzene solution. The crystals dissolved 
in alkali carbonates with no evolution of carbon dioxide and 
s j s i v ®  t / I n ®  s  1 *2 ? i . c  d i l o x * dL cLs  c o jLc r  t ® s s t ^ c i .

the following formula for the compound, C6HeCH-N-OH. They
\ >

called it an isonitro-compound. Now it is called an acl- 
nitro-compound or a nitronic acid.

In the same year Konawaloff(48 ) prepared a number 
of acl-or isonltro-compounds which he called the “labile” 
forms. Aci-to-nitromesitylene was obtained by the action of 
dilute sulphuric acid on the sodium salt of to-nitromesitylene 
(xylylnitromethane ). Needle-like crystals were obtained 
from benzene which were soluble in sodium carbonate and gave 
a color reaction with ferric chloride. The aci-form was 
fairly stable in ice-cold water. On standing It readily 
converted to an oil which was a mixture of the stable nitro 
form, labile aci-nitro form and an aldehyde.

He found that diphenylnitromethane yielded an 
aci-form which gave a color reaction with ferric chloride and 
was soluble In sodium carbonate. At ordinary temperatures it 
decomposed to bensophenone, benzophenoneoxime and the stable
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nitro form. The aci-form was stable at low temperatures
and in an ethereal solution.

Konowaloff also obtained, an aci-form of phenyl-
Isopropylnitromsthane. He found that nitromononaphthene and
secondary nltroisoarcyl yield liquid aci-forms while phenyl-
ethyInitromethane gave a well crystalline aci-isomer.

In 1906, Meisehheimer and Schwartz (49) obtained
sl coinoouna, n-uvju*n-^v*■ ih—0 9 wiioxi o r lu x  v i v 8 vx.xcj.riCs

%0K

/ N 0 S
CH3G— N0S , was treated with potassium ethylate. Ketiiyl-@-

WOi i  i t  N>0

(3 - dinitro-prcpionate with methyl alcoholic potash gave a 
mono potassium derivative. When a methyl alcoholic solution 
of trinltroethane was treated with an alkaline solution of 
hydroxylamine a qviantitative yield of potassium aci-ainitro- 
ethane was obtained. They, also, found that if trinitro- 
ethane was treated with potassium cyanide that it added on 
in the following fashion:

> to2
CH3C(N0s )3 + 2KCN * CHS - GN + E1I0S + HGN

' N=0
CH \ 0K

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

Nef and Jones(50) after studying the properties 
of some aci-nitro compounds criticized the ring formula, 
R-GH=H-0H, suggested by Hantzsch and Schultze(47) and gave
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tlie unsaturated formula, R—CH=N—OH, of Mickae!1 s (51) as
ti
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 acidified with hydrochloric acid, gave a transient, red 
coloration with ferric chloride. An aqueous solution of the 
barium salt decomposed gradually to give nitrous acid, hydrox- 
ylamine, formaldehyde or formoxime, formic acid and hydro­
cyanic acid.

Hantzsch and Veit found that bromonitromethane 
gave no color with ferric chloride and was a non-electrolyte.
The sodium salt, however, gave an intense red coloration 
with ferric chloride which persisted for sometime when the 
solution was acidified. The salt decomposed into the normal 
form about as rapidly as the salt acl-nltromethane. It also 
decomposed into hydrogen bromide and nitrous acid. The 
dibromo compound behaved similarly to that of the monobromide.

Although they found that in the case of nitro- 
ethane the aci-compound was more stable than the acl-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 alkali which gave with ferric chloride a 
red coloration. This coloration also appeared in freshly- 
acidified solution.

Thev found that the ammonium salt of ohenyl— 
nitromethane could be precipitated from a solution containing 
the aci-nitro compound but not from that containing the nitro 
compound. The salt reacted with phenyIcarbimide 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 aci-phenylnitro- 
me thane. The acl-compound decomposed to give benzoldehyde 
and nitrous oxide.

Hantzsch and Veit were able to keep acl-para- 
nitrophenyInitromethane in a dessicator for about a day before 
it lost its reaction to ferric chloride. However, they found 
it was stable in solution. It was most stable in chloroform, 
less stable in benzene, ether and alcohol and the least stable 
in water. Excess alkali 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 ,0.0065. The aci-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 conductivity.

Hantzsch and Veit also found that the monopotas- 
sium salt of aei-dinitromethane was neutral. It gave no 
color with ferric chloride. The free aci-form was about 
eight times as strong as acetic acid. Its dissociation 
constant at 0° was 0,0143, at 25°, 0.0264. 1-1 dinitroethane
differed from dinitromethane and resembled nitromethane In 
its properties. The conductivity of a mixture of the potas­
sium salt and hydrochloric acid in equivalent quantities 
fell after about fifteen minutes at 0°C to that of potassium 
chloride in solution. Titration with hydrochloric acid 
showed results similar to nitromethane.

In 1900 Holieman{53) found that tertiary nitro­
compounds were not acidic. Also, in a nitro compound where 
the hydrogens were replaced by bromine atoms, the nitro 
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 s.ncL tiis solution svs.pox*s/bscl x*£i]pldlj"j sf —02? of
the sodium chloride present, colored chloronltrosoethane 
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 interaiediately formed NOCMeHOH; on unchanged 
nitroethane.

In cases ihere nitro compounds had other strongly 
negative groups attached, such as nitroacetlc acid and nitro- 
acetonitrile, they reported that there was no blue coloration 
when heated with acids. Therefore, here no decomposition to 
aldehyde and nitroxyl took place.

Ci? - nitro-acetophenone when treated with hydrochloric 
acid in an ether solution gave «?-chloro-t0-oxImInoacetophenone 
without the formation of a colored nitroso compound as an 
Intermediate.

Aei-phenyInitromethane only slowly developed 
a blue coloration on treatment with acids which gradually 
disappeared with the formation of benzhydroxamic acid, Aci- 
phenyInitromethane contains a feeble negative phenyl group, 
and, therefore, should occupy an Intermediate position 
between a nitro compound with saturated groups and a nitro­
compound with a more negative unsaturated group such as 
til-aci-nitroacetoohenone. For this reason the reaction is 
gradual.

Hantzsch and Schuitze(47) found that all the aci­
ni tro compounds that were tested and their salts gave a 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 moment or neu­
tralization hut disappeared with excess acid. They thought 
this indicated the formation of CH = N-OH* They also found

ho3

that the sodium salt of nitroethane with hydrochloric acid
save a blue characteristic coloration of the aci-nitro- - _ _ _ _ _ _

compounds which they thought was probably due to ethyl 
nitrolic acid that was formed.

Steinkopf and .Jurgens (54) using Hantzsch's 
ring formula postulated the formation of hydroxamic chlor­
ides as due to the decomposition to the corresponding 
aldehyde and nitroxyl.

R CH - IT - OH --- > RCHO + :MOH

These then combined to form a nitroso alcohol.
RCHO + :N0H -- > RCH(N0 )0H

The nitroso alcohol then combined with hydrochloric acid 
forming a chloronitroso compound which is transformed into 
hydroxamic acid,

RCH(NO) + H C 1 — > RCHClkO -- » R*CClsN0H
Blue

These reactions would take place only if there were no 
negative groups present. If negative groups were present, 
they would stabilize the compound and cause the splitting 
to take place thus:

RCH - H - O H  » R C = NOH
^ 0 ^  no h

hydroxamic acid.
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On the other hand, Nametkin(55) criticized 
Steinkopf and Jurgens support of Hantzsch1s ring formula.
He laid stress on the unsaturated character of the nitro 
compounds in their reactions with halogens, halogen hydro­
acids and oxidation with di3.ute permanganate. Nametkin 
and Posdnjakova(56) found that oxidation of secondary 
nitrocompounds with dilute potassium permanganate (between
1-2%) gave quantitative yields of the corresponding ketones. 
Nitrocyclohexane gave 97% yield of cycohexanone and nitro- 
JT3 . 1 X 0 gs»vs s, o£ £i*u.o2?snon© *

Such oxidation would be difficult to explain 
by Hunt z sell's formula while by the use of Michael’s un­
saturated formula(51), Hametkin(55) gave the following 
mechanism:

=C=liO— OK  > =C (OH ) « K 0 ( OH) (O K )---»
=C=0 + KNOg * H20 

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 — » 
HCH(OH).NO — » R C (O H ):NOH 

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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RCHtKOOH + HC1 > RGHC1 NH(OH):Q >
RCHCl-M(OH)a --> RCClsNOH

Where a halogen acid is used and there is slight stability
the loss of water may take place before rearrangement. A 
nitroso compound would then be formed as an intermediate

c m  ? NO,OH — ► CHRC1 : NH(OH) :0  ~-*-8  ■>
CHHG1.n o  — ► CRClsNOH 
Interpretations in analogous manner can be 

given for the formation of halogen substituted nitro pro­
ducts, nitrolic acids and nltroles. Nametkin showed 
that there was no need for ring formula for Nef1s reaction(35 
can be explained without the use of a ring structure*

:CsN0*0H + H20 — * : C ( OH}9 NH {OH }: 0 + Ha0  *•
sC(0H)a + jNOH + H2 0 

It is interesting to note here that Hantzsch(57), 
while studying the absorption spectra of a number of nitro 
compounds, finally arrived at the conclusion that the un­
saturated structure y/as the more probable one.

2. Alkylation of Aci-Nitro Compounds - -The 

term alkylation usually refers to the treatment of the 
sodium, potassium or silver salt of the nitro compound with 
an alkyl halide. There are two possible types of alkylations 
The aci-ion would be expected to produce 0-alkylation which 
would yield a nitronic ester, while the carbonion should 
produce C-alkyiation, forming a secondary or tertiary nitro 
compound.
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? ? ^ oR - C = N - OAg + CH3I --* R - C = M - OCHg + Agl
H x0 x 0

R - C - N^= 0 + CHSI — > R C - N"= 0 + Agl
Ag CH3

Studies have shown that hoth types of alkylation occur*
Kef(35) alkylated 1-1 dinitroethane and obtained 

both 0- and C-alkylation while Dieden(58) only reported 
C-alkylation.

N0S^0 N0S
[CH3C (N0g )a] Ag + R I  » CHsG-K-0R and CHs-^-K08 + Agl

Ratz(59) upon treatment of silver nitromalon- 
amide with methyl iodide obtained 0-alkylation while Ulpiani 
(60) reported only C-alkylation in the case of ammonium, 
nitromalonic ester.

Stexnaopf xn 1»?83, ̂ o x j found tnat tne siivsr 
salt of ethylnifcro&cetate and methyl iodide at 0° formed 
ethyl <*-nitropropionate and ethyl nltroacetate-aci-methyl 
ether, EtC0sCHiN0sM e . The later v/as a colorless liquid which 
gave a red coloration with ferric chloride. With concentrated 
hydrochloric acid at 70° formaldehyde and aci-nitroso-acetic 
acid was obtained. Ethyl iodide yielded nitro-butyrate 
and ethyl nitroacetate-aci-ethyl ether. The acl-nltro 
ethers were quite stable and did not show any tendency to 
undergo isomerization to C-alkyl derivatives.

If the silver salt was added to the alkyl iodide 
at -20° it dissolved immediately to give a deep brown 
solution. This color disappeared rapidly, giving place to
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a white opalescence and silver iodide precipitated. At 
-6C° no action took place until trie solution was warmed, 
then, the silver salt dissolved and the- solution turned brown 
and finally became colorless. The mechanism Tor t ii<8 rGs.ct ion 
was given as:

. _ . .  > 1 ..................   ,r.*4- f~s 11 * T\? ri t ii m  - • —  - -' • - * -T - - 5 • • - • -
£i OU Wg U.li • IN— \JJ ng

r\ ,

IR Agl
EtOC-CH(i ti

RO
A new mechanism based on modern theories, can 

also be shown where the RT adds directly to the compound

H O  H O  H
( 1 )  B tC s C -C :H -O A g -5- R I   *E tO s C -C :K -C A g jR I * E tO s C-C-JMOs

R0 Q
(2) EtC03CH = M - 0 Ag: IR--» EtG02CH = a - OR

Kohler and dtone(52) obtained no evidence for
C-alkylation when they treated sodium triphenylethane witi 
methyl iodide. The product was an oxime indicating 0- 
alkylation to the intermediate nitronic ester followed by 
decomposition of the nitronic ester to the oxime and an
aldehyde

?sHs c % I  ?sH5 x o
(C6H5 )sCHCK0sNa  (C6K6 )2CH - C = b CCH3

96^5ECHO + (C6H6 )2CH - C = ROH
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Nenitzescu and Isacescu(63) obtained fluorenone 
oxime by alkylation of potassium 9-nItrofluorene. Later 
they isolated the intermediate methylnitronic ester. The 
silver salt of 2-bromo-9-nitrofluorene also undergoes 0- 
alkylation to produce the nitronic ester. They also claim 
that the sodium salt of phe ny 1-= aci=n i t r ome thane gave, when 
treated with acyl chlorides, the acyl derivative of hydro­
xamic acid, GqH5C(OH):N-0 Ac.

Wieland and Hochtlen(64 ) however, reported the 
C-alkylation of phenylnitroacetonitrile by treatment of the 
silver salt with diphenylbromoinethane or triphenylchloro- 
me thane*

In 1935 Arndt and Rose(65) investigated the 
manner of alleylation In several different types of nitro 
compounds. The following compounds were investigated, 
phenylnitromethane, p-bromophenylnitrometh&ne, W-nitro- 
acetophenone, ethyl nitroacetate, methyl nitromalonate and 
p-toluene sulphonylnitromethane. The last compound was used 
because the methylene group carrying the nitro group is 
strongly acidic but no conjugated system Is possible.

They found that the aei-forns of phenylnitro- 
methane and p-bromophenylnitromethane reacted vigorously 
with diazomethane to give the nitronic esters. The corre­
sponding normal compounds showed no visible reaction with 
diazome thane, but are slowly transformed Into the same ni­
tronic esters obtained from the aci-fcrm. In these cases,
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they assumed a possible t&utomerism 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 react with diazomethane * Such a tautomerism 
these authors claicsd would not exist with ethyl nitroacetate 
and p-toluenesulphonylnitromethane* These compounds they 
claimed gave no enolic reactions, but they reacted vigorous­
ly with diazomethane, yielding nitronic esters. They then 
considered the difference between sulphonyl ketones, which 
they claimed do not enolise, and the 0 -ketones, which 
e no U s e  considerably, and asstimed that if there was spontan­
eous desnxotropy in the reaction of ethyl nitroacetate and 
toluenesulphonyInitromethane that it should be detected by 
ferric chloride. These authors, therefore, considered the 
formation of nitronic esters from ethyl nitroacetate and 
toluenesulphonylnitromethane as due to indirect methylation* 

It seemed that these authors failed to consider 
the fact that ethylnitrcacetate is similar to acetoacetic 
ester v/hich does enolize. It is very likely that under the 
conditions of the experiment that ethyl nitroacetate showed 
enolization and therefore underwent direct methylation to 
the enol group*

Nitromalonic ester, they found, showed, in 
alcoholic solution, a feeble enolic reaction which they 
thought was probably due to small enolization of the carbonyl 
ester. However, diazomethane reacted with it vigorously,
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yielding almost quantitatively under all conditions the 
nitronic ester. W-nitroacetophenone showed a much stronger 
enolic reaction. It reacted with diazomethane to give an 
oil which contained a probable mixture of two-thirds nitronic 
ester and one-third enolic ester. This indicated that there

nitro group was different from the nitronic group and that 
methylation of the nitro group to give a nitronic ester may 
be either direct or indirect.

iodide on silver phe-nylnitroacetonitrile at 0° produced the 
nitronic ester.

Treatment of the silver salt of phenylnitroacetonitrile with 
benzyl chloride produced a very unstable nitronic ester which 
could not be isolated since it immediately decomposed Into 
benzylnitrileoxime and benzaldehyde.

ation of the aci-nltro compound can take place in two ways; 
0- and 0- alkylation. In most cases, 0- alkylation was the 
prevalent reaction. This again pointed to the unsaturated 
structure for the aci-nitro compounds.

* CsH5C = N-0CH3 + Agl

From the following reactions it seems that alkyl

R - C = N
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D. Physico-Chemical Properties.

1. Conductivity - In 1899 Hantzsch and Veit(52), 
while studying 3ome of the properties of aci-nitro compounds, 
noticed that a mixture of equivalent quantities of nitro- 
methane and harium hydroxide showed a decrease in conductivity 
during fifteen minutes at 0°. This they claimed indicated 
that the base was gradually neutralized by the acid-form of 
nitromethane, Vi/hen they reversed the process and treated 
the barium salt with an equivalent of hydrochloric acid, 
they found that the conductivity fell after about fifteen 
minutes to that of the value 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 was changed to the aci-fcrm, 
this aci-form thaaneutralized the barium hydroxide. This 
proceeded until finally the conductivity was due only to 
the barium salt of the aci-form.

In the reverse process, the reaction was not so 
simple, for there was more than one change taking place.
On mixing the hydrochloric acid with the barium aci-nitro- 
methane the conductivity was due to the hydrochloric acid 
and the barium salt. The hydrochloric acid then reacted 
with the barium salt to form barium chloride and the aci- 
nitro compound. The conductivity then was due to these 
two substances. The aci-nitromethane then changed into free
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nltrome thane which has no conductivity; the final conductiv­
ity heing due only to the barium chloride.

Hantzsch and Veit(52) studied the neutralization 
effect of nitroethane by conductivity measurements. With 
nitroethane and sodium hydroxide neutralization took about 
forty minutes at O4' and three minutes at 25°. The fall of 
conductivity on neutralization of the barium salt with hydro­
chloric acid at 35°G took about two days.

In 1927, Branch and Jaxon-Deelman(67) also 
studied the effect of neutralization on conductance. They 
expressed the conductivity of aci-nitro acid in terms of the 
final solution. This was obtained by subtracting the final 
conductivity from the measured conductivity and dividing this 
result by the final conductivity. This value was proportional 
to the concentration of the negative ion of the aci-nitro 
compound assuming that mobility 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 at 
s. jlx'su and i/ten af^er some tame they were observed to become 
proportional to the conductivities and remain thus.

This, according to Branch and Jaxon-Dee lman, 
indicated that at first two simultaneous reactions took place 
followed by a simple reaction which is In accordance with the 
views of Hantzsch and Veit(52).
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2, Absorption Spectra - Baly and Desc3a(68) 
found that nitromethane and nitroethane gave a shallow 
absorption band at 36 0QA° when examined in a tenth'normal 
alcoholic solution* When one equivalent of sodium ethylate 
was added, the band was removed* But, it was found that if 
the solution containing nitromethane was allowed to stand 
over night and then diluted that a new band developed at 
33G0A°. The alkaline solution containing nitroethane re­
mained unchanged for many days. Baly and Desch, hence, 
concluded that mcnnitrcparaffins show a small, but distinct, 
absorption band.

About the same time, Hedley(69} while making 
similar studies, came to the conclusion that mononitro­
car af fins only exhibited a continuous absorption. This 
absorption was increased with the addition of alkali, but 
no band was produced.

Zelinsky and Rosanoff(70) studied the ultraviolet 
absorption spectra of a number of nitro compounds. With 
nitromethane the absorption increased considerably in passing 
from the free nitro to the sodium salt, With nitroethane 
there was selective absorption which changed to a continuous 
spectra on the formation of the sodium salt. (3-nitropropane 
acted similar to the others having a maximum at 3600A°.
U? -nitropropane was found to have a greater general absor­

ption in the free state and a more selective absorption as 
a sodium salt. The maximum was at 350C<A°. However, a
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yellow color was formed on the addition of sodium ethylate 
and the Increased absorption was thought to be due to the 
formation of this color.

Tetranitr-omethane was found to have a large 
selective absorption, the maximum being at 2975A°. u?-nttro- 
ohenylmethaire gave curves slmxisr so she primary nitrocompounds. 
The maximum absorption was at 3465A°. With i*>- nitrocycl- 
ohexylmethane selective absorption only occurred with Its 
salts. The maximum absorption was at 5440A°. The free 
nitro compound showed a marked general absorption. Free 
nitrocyclohexane showed two absorption bands at 3500 and 
3720A°. Its salts showed a general absorption. Similar 
curves were found for 1-nitro-l-methylcylcopentane.

The above authors found that the introduction of 
other nitro groups caused an increase in general absorption 
along with a greater selective absorption. Hedley(69) 
claimed that this was due to the formation of a quinoid 
structure. Baly and Collie(71), explained this as due to 
the residual valence of the nitro group.

Zelinsky and Rosanoff then came to the conclu­
sion that there should be no difference In the general- 
character between the absorption curves of the mono- and 
dinitro aliphatic compounds. This conclusion was contrary 
to the results of Hedley who found no selective absorption 
for nitromethane.

Hantzsch and Voight(72) disagreed with the
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conclusion arrived at by Zelinsky and Rosanoff, They claimed 
that Zelinsky and Rosanoff* overlooked the fact pointed out 
by Baly that a solution of nitromethane is not stable and 
tovms nitro&cetaldoxime which is a conjugated aci-nitro 
compound and shows selective absorption*

Hantzsch and Voig-t came to the conclusion that 
true nitro groups show weak selective absorption at high 
c c n c s i iw Y's , t  i o ' i s  sL.lDom.iz —t *—— X -» —ii©  siLiiijpIL©

aci-groups show weak general absorption. The introduction 
of further -R02 groups or other unsaturated negative groups 
scarcely influenced the absorption of true nitro compounds 
but increased enormously that of the aci-nitro-compounds.
This absorption, also, differed fundamentally in the character 
and the strength of absorption from that of the simple acl- 
nitro compound.

Hantzsch and Voigt" based this conclusion on 
some of their own spectrometrical work (Vo). They found that 
there were three forms in the nitro compounds. First, there 
was the true nitro compound or group ?/hich gave a feeble 
selective absorption, a flat band at 3413A°. Secondly, there 
was the aci.-group - C:R=g^ which gave weak general absorption. 
This group was present in the salts of the nitro compounds. 
Finally when this aci-group was connected with another nega­
tive group, it portrayed strong selective absorption. This 
group they called the conjugated aci nitro.

They explained that the strong selective absorption

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



-32-
may "be due to ionisation or a ring-form of the nitro compound.

X \  /  x R.C 'H J^gO) R . C ^  '''H--- H30  )V /   * £\.U XI----.HO.O N 0 • 0
x  ̂

R * C ^  '' HS(T + H+
X N0*0^

x = a negative group such as NOa,“CN, COGH, etc.

They also indicated that conjugation of this sort gave sta­
bility to a compound. For Instance, fulminurie and nitro- 
barbituric acid cannot be converted to the true nitro compound

/-n -b o■*i  T ■» y*-f r* o /% ^
\J \ WjO ^  WU. 0  04. -L V-. A O  •

Although there is a disagreement betY/een authors 
as to absorption,all indications show that the free nitro and 
the aci-form have different structures. The possible struc­
tures that can be represented are those of Hantzsch(47) and 
Michael1s (51) for the aci-form.

H H  ̂0
CH3-G-N=0 CH3C=M-OH

V
Auv/ers and Harres(74) In their study of spectro- 

chemical groups found that there was no support for a three 
ring formula.

In 1930 Shriner and Young(75) found that the 
absorption curve for optically active d-2-nitro-octane 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 aci-nitro
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compounds . It must also be noticed that in all cases the 
aci-form was studied as a metallic salt. It, therefore, 
seems possible that the change in absorption from the norm­
al nitro compound to the aci-form was not- due to tautomerism 
but due to salt formation.

T w o  a  -P/u i vi o V> ~.-r i « v-t T}^ j-i / QC; \ f*V; « f- 1 T'iA'T!S  —•A. V* ** O . U  K/ V O l ^ l A  i V i i C S .  1/ l i i  >J JL

molecular changes were not always accompanied by selective 
absorption. They found that if nitro-camphor was converted 
to the aci-form that no characteristic bend appeared, but 
if the sodium salt was made, a characteristic band appeared 
which did not change with excess alkali. This work indicated 
that both the normal nitro and aci-form should have similar 
absorption spectra. Hov/ever, a final test will come only, 
when the absorption of a number of stable, aci-forms has- 
been studied.

3. Optical Activity - 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 yield the original nitro compound or 
the aci-form which may tautomerize to give the original form.

R2CHNOa  RaCN08Na
^HCl 

RsCtNO«OH
The aci-form of a secondary nitro compound mayR ^  0

be represented by the structure, R ‘-C = N tT OH, as 
suggested by Mickael{51). In such a compound the group,
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✓C = Nv , 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 symmetrical structure was 
not correct•

Kuhn and Albrecht prepared me thylethylnitromethane 
in both laevo and dextro rotatory forms from optically 
active secondary butyl alcohol,

Et Et Et
N  CHOH ----- > nCHI — n CHK0J3

M e Mb '" Me''
They then studied the effect of salt formation on 

the activity of the nitro compound. They found that if to 
the methyl alcohol solution of the active nitro compound 
aqueous caustic soda was added in excess the activity was 
completely destroyed. If the alkali was not in excess, 
the activity was incomplete due to incomplete salt form­
ation, how, if they added a methyl alcohol solution of 
sodium or potassium methylate to the solution of the nitro 
compound, the activity remained. This activity was shown 
not to be due to incomplete salt formation by 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 rotation must 
have been due to the salt alone, Bromination of the active
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product produced the optically active 2-bromo-2-nitrobutane.

NaOCHs
CH3 CHa ^  0

C3H5 - G - &03 vr nru— * G3E5 - C = N - ONa
j>J» = + 9.14 M , =  + 5.50 

HC1 
C H a

G3 E 5 — C — d Og 
d T H

Addition of a large amount of ether to the 
alcoholic solution, containing the active salt, gave a 
white solid. This white solid gave an active solution 
when dissolved in cold methyl alcohol. Analysis of the 
salt showed it not to he the pure salt. It contained a 
high content of sodium indicating the presence of sodium 
methylate.

These result s were confirmed by Shriner and 
Young in 1930,(77). The results of their experiments are 
represented by the following charts. Nitro-cctane was 
used as the active nitro compound.

Dextro Series
C H 3 c h 3 G H s G E s

G s H 1 3 C - O H  i l -r 5 > C s H X3 -C - C 6E i 3 C - N C s + C 6H l a C - 0 K 0
H  H  H E

fAjD= + 10.23 |>70= - 33.10 +15.84 &J0= +8.17
NaOCg>£ \ c c 2 E 5

X  Xch3 >4h3 g h 3* HO T 1 'Z'C 6E 13 C - N 0 2 <---5 E ± _  C 6H 13 - C K O g N a  C 6E i 3 C =  N  - CK

f<4>= + 3.86 U]„ = + 3.31 + 3.74
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Levo Series

~ t 
Br

—  “  2*20

Shriner and Young found tliat if equivalent- amounts 
of the nitro compound and sodium ethylate were mixed, a con­
stant rotation was Immediately attained and remained constant 
over a period of twenty-four hours. The use of two equiva­
lents of sodium ethylate gave the same rotation as one 
equivalent. This Indicated a complete conversion to the 
salt and that the activity was not due to unreacted nitro 
compound.

The nitro compound was regenerated from the sodium 
salt. This regenerated compound had a rotation lower than 
the original nitro compound, 2A% in case of dextro at -10° 
and 11% in case of levo at -70°, Therefore, the sodium salt 
must have been active in order to regenerate some active 
nitro compound. With potassium ethylate, they found the 
results to be the same as v/ith sodium ethylate. This they
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claimed, indicated that the rotation was due to the nega­
tive aci-ion since the metal had no particular effect on 
the rotation. Treatment of the X  -sodium salt with 

bromine gave X  -2-bromo-2-nitro-cctane which was also 
active.

Shriner and Young checked the possibility that 
the active nitrite, formed in the preparation of the active 
nitro compound, may have had an effect on the observed 
rotations. The ^-octy1-2-nitrite was, therefore, treated 
with sodium ethylate. The rotation on mixing was observed 
to be + 5.46 and on standing had slowly Increased to + S.00, 
With two equivalents the rotation was similar except it 
took a shorter time for the attainment of an equilibrium 
value. They assumed this change of rotation as due to 
the saponification of the nitrite.

GH3 KaOC2Hs CH3
C6H13C0N0 -----> CsH i3 - C - ONa + C2He0h0

H H
Their results indicated that the nitrite behaved differ­
ently from the nitrocompound when treated with sodium 
ethylate.

Attempting to prove more conclusively that an 
aci-nitro group led to an optical active configuration, 
Shriner and Parker (78) res.cted 4-rn.ethylcycohexanone with 
d-2-cctyl nitrate.in the presence of potassium ethylate.
They found that the dextro potassium salt of 2-nitro-4-
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methyclcyclohexanone precipitated out.

H
0
ifc

HC^ VCHS 
I I 

HC CHaV
H' XCHa

C  g K j _ g  C  —  C N Q j g

CHs _ #
KOCsHe

0

Hsc' XC
Hq C CHg 

^ C \
k ' xch3

+ c 6h 3c h o h c h 3+c 3h 6o e

<^-2-nitro~4-methylcyclohexanone. 
Similarly 4-methylcyclohexanone gave with J!-2-octyl nitrate 
the levo potassium salt. The solid active potassium salts 
were isolated and analyzed eliminating the possibility of 
the activity being due to some other active substance in 
the reaction. Both of the salts racemized in about an hour.

According to the authors, it would be difficult
to explain racemization if the activity were due to carbon

0 
If

Catom four.
/ l\ 

C 3
0

'6

Cs
cx

H' CHg

C « N - OK
I "

3C

However, if the compound had the following structure,

C
I
C

0II
C - M0S

K

it could tautomerize to give either one of the following
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compounds.
0

—

Kl

G X
G C - N0a
i ! orc c

E'' CH3 +K

0
C,

C'
I
c .

G
I
G

0

0

/ C VH CH3
which v/ould lead ro racemization. Such a tautomeric shift, 
according to the authors should not destroy the activity 
if due to carbon four but would if it were due to carbon two.

By carrying out the same reaction on cyclohexanone, 
they found that an active potassium aci-nitro salt was 
formed which racemized in about an hour. However, the pro­
duct was difficult to isolate, gave poor yields and was 
hygroscropic. For this reason, no correct analysis for 
nitrogen or potassium was obtained.

In order to eliminate the possibility of the 4- 
asymmetric carbon atom and yet get a stable substance for 
analysis, Hox*ne and Shriner (79) treated ct -tetralone with, 
d and JL -2-cecyl nitrates in the presence of potassium 
ethylate. They found that potassium salts of @ -nitro - <s6 - 
tetralone were obtained which were inactive In every case.

0 0
c h 3

C “ Hs , 0 /Q-HOs1 sHXsHCHP ---- - • . . >KOC2H6

" c "  2

->L~z

c - h o 5
Y

GHS
CHa

The reaction was carried out at 40, 22 and 0° with no active 
se.lts forming. Immediate treatment of the potassium salt

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



- 4 0 -

with acid gave free Q> -nitro- pt - tetralone optically in­
active, No aci-form was produced. For this reason, Horne 
and Shriner t ho tight the compound that was formed on nitra­
tion was

OK
C—NO, 
CHo

In 1935, Thurston and Shriner(80) reported a
partial asymmetric synthesis which was performed by
treating 2-bromofluorene with both d-&nd & -2-cctyl nitrate
in the presence of potassium ethylate. The J--2-octyl nitrate
gave a potassium salt which had an actual rotation of
+ 0,06- 0,01° and + 0,05- 0,01 for two independent prepara­
tions. The ,2 -2-octyl nitrate gave a potassium salt of
very low specific rotation, [d>Jv = -1.71°, The salts 
recemized rapidly. Immediate treatment of the d*-potassium 
salt with acid gave 9-aci-nitro-2-bromofluorene which was 
optically 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 ^
0.01°). This error could have been easily due to impurities.

Mills(81) reported the resolution of phenyl- 
nitroacetonitrile 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 obtain optically active salts by means of an
asymmetric synthesis. Treatment of phenylacetonitrile with
d- or £  -octyl nitrate in presence of potassium ethylate
gave potassium salts v/hich were inactive,

CH3 _ __  _  CN CHa
C6Hb CH2CN + C6H3G - 0N0 — > “fc6H6CHOgK + C6HxaCHOH

H
+ GgHe OH

The reaction was repeated several times with changes in 
temperature, the ratio of reactants and order of addition 
of the reactants, but in no case did the salts show any 
activity.
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OBJECTIVE
The results presented in the historical section 

of this thesis indicated that there are three possible 
forms of aliphatic nitro compounds, namely, the normal nitro 
form, I, the aci-form, II, and the conjugated aci-form, III*

I. II. III.
R* 0 R ^ 0  C =

a = n f “
r ' r *'~ '"'oh k - C =

X 0
That an aci-fc-rm, II, does exist has been shown

by the salt forming properties of the normal nitro form, I.
Stable aci-forms also have oeen isolated ana converged to
the nitro form. Reactions, conductivity and absorption
spectra of the salt of the nitro form showed the aci-form
to be different in structure from the nitro form, I.

For this aci-form, II, two structures have been
H

proposed, that of Hantzsch(47) R - C - N - OH and
0H ^  0

that of Mickael(51 )R - C = K - OH IV
V.

The reactions of the aei-nitro compounds were more readily 
explained oy tne use of structure, V, so the x*lng structure 
of Hantzsch was discarded even by himself.

It would, therefore, seem that the = hTC
group of the aci-form would lie in one plane, But the dis­
covery by Kuhn and Albrecht(76) and the confirmation by 
Young and Shriner(77) that optical activity existed in such
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an ion indicated that the structure was non-planar, Although, 
not conclusive, results have been reported which indicated 
that the aci-nitro ion portrayed optical activity. Therefore, 
to show' conclusively the structure of the acl-nitro ion, it 
is necessary to isolate its optical forms. Shriner and his 
eo-wor-ker-s tried to do this by means of an asymmetric 
synthesis. They, however, obtained no conclusive results, 
although, they had indications of an optically active aci- 
ion. They were also unable to isolate any of their products 
because of the instability of the aci-nitro compound.

If optical activity does exist In the aliphatic 
nitro group, it should be possible to resolve an Inactive 
aci-nitro compound Into Its optical antimers. Mills(81) 
has reported the resolution of phenylnitroacetonitrile by 
means of its brucine salt. However, his work has never been 
confirmed* He gave no details of his experimental work and 
has not mentioned it in any of his subsequent publications.

I, therefore, undertook to prepare a stable aci- 
nitro compound and by means of optically active resolving 
agents to resolve the inactive compound Into its optical 
antimers »

The compound chosen for study was 9-aci-nitro-
2-benzcylfluorene.
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Such a 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.

The preparation and attempted resolution of 
notas5 m m  9—acI—nitro—2—bensoyIflucrere has been discussed 
in a previous thesis(8$).

In the present work definite evidence has been 
obtained for the isolation of an optically active form ox 
9-aci-nitro-2-benzoylfluorene.

First, a detailed discussion of the preparation 
and composition of the active brucine 9-aci-nitro-2~benzoyl~ 
fluorene will be given. Second, a discussion of attempts 
to isolate a second d I a s t ere o I s oraer- and also an active acl- 
or potassium aci-form of the nitro compound will be presented. 
Thirdly, a discussion of the effects of solvents on the 
racemization and decomposition will be discussed, and finally 
the extension of Y/islicenus1 condensation(28) to other nitro 
compounds will be presented.
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PROCEDURE and RESULTS

A. 9-aci-nltro-2-benzoylfluorene
Potassium 9-aci-nltro-g-benzoylfluorene was 

prepared by Wislicenus ' condensation{28). 2-Bens oy If luorene 
v/as condensed with ethyl nitrate in the presence of potassium

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

ether. If concentrated hydrochloric acid was added In excess 
to an ethereal solution containing the aci-form. an oil 
immediately separated which turned to a gum. There was no 
blue color produced as was noticed by Hantzsch(47) in his 
study of aci-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 
aci-form.

ethylate

An atmosphere of nitrogen was found effective in
ting tne presence of oy—produces formed oy oxxdetxon

The free aci-nitro—2—benzoyIfluorene was obtained
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3. Brucine 9-aci-nltro-2-benzoylfluorene

1 . Preparation and Composition - Brucine 9-aci- 
nitro-2 -hensoylfluorene crystallized out of an alcoholic 
solution when equivalent quantities of potassium 9-aci-nltro- 
2 -benzoylfluorene and brucine hydrochloride were mixed 
together. The salt crystallized out in greenish-yellow 
crystals which had a specific optical rotation of about 
+75° in chloroform and +70° in pyridine. The rotation of 
the salt varied for several independent preparations from 
“£’r75 to *70̂ 9 1ic,s 3. SiD3ciLif*-Lc s.t2.on
of -115.25° while that of brucine hydrochloride is -17.82.

If the me thou of preparation, was varied so that 
one equivalent of potassium 9-aci-nitro-2 -benzoyITluorene 
was treated with two equivalents of brucine hydrochloride, 
the yield was about ninetym m t m m  percent of the theoretical. 
However, the specific rotation of the salt was only about 
55° as compared to 70° when equivalent quantities were used* 
When an equivalent of potassium 9-aci-nitro-2-bensoylfluorene 
was treated with an equivalent of brucine and an. equivalent 
of brucine hydrochloride, the vield was about sixty oereentv  J  e." * ''*  fj —

of the theoretical and the specific rotation was about +75°.
These results seemed to indicate two possibilities. 

The possibility that two equivalents of brucine hydrochlor­
ide were necessary to react with an equivalent of potassium 
9-aci-nitro-2-benzoyl-fluorene to form a brucine salt 
containing one equivalent of the aci-form to two equivalents
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of the brucine ion. The second possibility was that the 
potassium 9-acl-nitro-2-benzoyIfluorene and brucine hydro­
chloride reacted in equivalent quantities and the yield of
f^fty percent was due to the crystallisation of one diaster- */ — »>

eoismer of 9-acl-nitro-S-benzoylfluorene. If this were the 
case. then, where two equivalents of brucine hydrochlor-ide 
were used, both diastereoismers precipitated out together, 
causing the low rotation in the case of this brucine salt.
The excess brucine hydrochloride has a salting-out effect 
which causes the second diastereoismer to crystallise out 
along with the first* The effect of the mixture of the two 
diastereoisomers causes the lowering in rotation of the 
brucine salt.

If the brucine 9-acl-nltro-2-benzoyIfluorene was 
dissolved in chloroform and then treated with aqueous sodium 
hydroxide, the yellow salt of sodium 9-aci-nltro-2-benzoyl- 
fluorene precipitated. By calculating the amount of aci-form 
from the sodium salt produced, the percentage of aci-form 
in the brucine 9-aci-nltro-2-benzoyIfluorene 'was found to be 
38.49 while the calculated was 41*85. The low result was 
due to the solubility of the sodium salt in the solution*

The brucine 9-aci-nltro-2-benzoyIfluorene« 
after treatment with sodium hydroxide, was extracted with 
benzene and the rotation was determined in the polarimeter.
In two determinations, the specific rotations on the basis 
of the amount of brucine that should have been present were
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-95.61 and -8 6 .0 8 . The specific rotation of pure brucine 
in benzene is -108°.

Hydrogen and carbon combustion analysis also 
indicated that the brucine salt was in ratio of one aci- 
nitro to one bx-uc ine - Ion. It also showed that one molecule 
of ethyl alcohol was coordinated with the brucine salt. 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 
71e5Q% and 5*96%. An average of six determinations gave 
for carbon 71.84% and for hydrogen 5.93%.

The brucine 9-aci-nitro-2-bsnsoylfluorene was 
also prepared using n-butyl alcohol as a solvent. The color 
of this salt was slightly different from that of the brucine 
9-aci-nitro -2-benzo?,rlfluorene, the former being a bright 
greenish-yellow while the latter was a dull yellow-green.
The specific rotation of the brucine 9-aci-nitro-2-benzoyl- 
fluorene which was prepared in n-butyl alcohol was found 
to be +66 as against +75 in the case of the brucine salt 
prepared from ethyl alcohol. It was also noticed that the 
light was absorbed to a greater extent in the case of the 
brucine salt with n-butyl alcohol and the rotation was 
difficult to read.

Treatment of the brucine salt containing n-butyl 
alcohol with, dilute hydrochloric acid and then oxidation 
with potassium diehromate yielded the odor of butyric acid;
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thus Indicating the presence of n-butyl alcohol of coordin­
ation.

Carbon and hydrogen combustion analysis of this 
salt gave low results for hydrogen. Calculated for carbon, 
71,99$; for hydrogen, 6,23$; found for* carbon, 71,92/s; for 
hydroe-en 5,63%, The low results for hvdroger were inter= 
preted as due to the backward diffusion of water in the 
combustion tube.

The brucine 9-aeI-nitro-2-beriZ oylf luorene Is a 
stable compound which has no definite melting point. It 
will not hydrolyze when treated with water. This property 
was used to rid the salt of potassium chloride which crystal­
lised out along with the brucine salt.

The foregoing results indicated that one diaster- 
eoisosner of 9-aci-nltro-3-benzoylfluorene crystallized out 
of the alcoholic solution. Therefore, several attempts were 
made to isolate the other diastereoisomer. The alcoholic 
solution 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 was 2-benzoyl- 
fluorenone.

It was found that if a mixture of equivalent 
quantities of potassium 9-aci-nitro-2-benzoylfluorene and 
brucine hydrochloride were mixed in hot alcohol that four 
sets of crystals could be obtained at different temperatures. 
The specific rotation of the crystals varied from +69 to
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+43°. The total amount that crystallized out was 57*4$ of 
the theoretical. The alcoholic solution that remained had 
a specific rotation of +5.5°.

These results indicated that the fourth set of 
crystals was a mixture of Doth diastereolscnners, hence the 
low specific rotation. The mother liquor contained the 
remainder of the second diastereoisomer which bad a low posi­
tive specific rotation.

2. The Potassium Salt from active Brucine 9-aci- 
nitro-2-benzovlfluorene - Brucine 9-aci-nitro-2-benzoyl- 
fluorene was found to yield the potassium 9-acl-nitro-2 - 
benzoylfluorene when treated with potassium hydroxide or 
potassium ethylate and the 9-aci-nitro-2-benzoyIfluorene 
when treatedwith cold, dilute hydrochloric acid. In every 
case, where either the potassium salt or the free aci-form 
was isolated, they were found to be inactive. Hovrever, the 
effect of acid or basic solutions on the salt led to some 
interesting results.

It -was found that if brucine 9-aci-nitro-2- 
benzoylfluorene was treated with an aqueous 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 -55.02° at 23°G 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 alcoholic potassium 
hydroxide under the same conditions had a specific rotation 
of —S3.-54«

Such a change in rotation could only be due to 
two fs.ctox*w» One tiifife it took tiii2?t*v’ hours fox* ttxs potns— 
slum hydroxide to react with the brucine salt, and two, that 
a potassium salt was formed from the brucine salt which had 
a definite specific rotation, hence, the rotation was due 
to the brucine plus that of the potassium salt. The potas­
sium salt then racemised slowly and finally the rotation 
was only due to that of brucine alone. This latter seemed 
to be the case, for in the case of aqueous potassium hydrox­
ide, the value becane constant almost immediately showing 
that the reaction with the brucine salt took place at once. 
This rotation then indicated that the potassium salt, formed 
in the alcoholic solution, was active.

It was found also that if the brucine 9-aci- 
nitro-2 -benzoylfluorene was dissolved in the least possible 
amount of chloroform and a- saturated solution of potassium 
acetate in anhydrous n-butyl alcohol was added that a 
negative rotation was assumed. This rotation then changed 
slightly towards the positive, reached a. maximum and then 
changed towards the neagative. The actual rotation at the 
moment after mixing was -1,70°; after an hour and fifteen
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minutes, it had changedto -1.55° and finally became constant 
after about sixty-four hours at -1.65°. It was noticed that 
when the rotation began zo change from —1.56 to — 1«56 that 
the potassium salt of 9-act-nitra-2~benzcyIfluorene began 
to precipitate. This potassium salt when removed from the

The change in rotation from -1.70 to -1.56° offered 
difficulty in interpretation. The only suggestion that can 
be offered Is that the reaction took about three hours to 
come to equilibrium. The later change from -1.55 to -1.65° 
can be easily explained. The potassium salt while in sol­
ution was active, hence, the rotation was due to the potassium 
salt and brucane acetate. as soon as the alcohol ol coor­
dination was removed, the salt racemised or decomposed and 
precipitated out, causing a change in rotation.

Analysis of the salt for potassium showed it to 
be potassium 9-aci-nitro-2-benzoylfluorene. Calculated for 
potassium -was 1I.05;S; found, 10.S9%.

If the brucine 9-aci-nitro-2-benzoylfluorene was 
dissolved 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 rotation of the brucine 
salt in the saturated potassium acetate solution on the
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basis of amount of free brucine present had a specific ro­
tation of -86.64 while free brucine under the same conditions 
has a 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 runs.

When a suspension of brucine 9-aci-nitro-2- 
benzoylfluorene was treated with dilute hydrochloric acid, 
the pale-yellow S-aci-nItro-2 -benzoylfluorene precipitated 
out. This aci-form showed no activity. This was the case 
also when the precipitation was performed at about -1 0 °G.

In glacial acetic acid, however, brucine 9-aci­
ni tro-2 -bensoy If luorene gave an actual rotation of+Chll which 
changed to—0.08 after thirty minutes. The specific rotations 
accordingly were +5.5-£° and -4.04°. The specific rotation 
of brucine in glacial acetic acid is -6D 0 °. This indicated 
that the aci-form was active but racemized readily to the 
inactive form.

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

5. Mutarotary Effect of Brucine 9-acl-nltro-2- 
benzoylfluorene. - It was noticed, that when brucine 9-acl- 
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 decreased. The value changed from 
a high positive value to a high negative value.

The time was plotted against the log of the con­
centration, one 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.

seemed that the change in rotation was not due to any one 
effect but to two or more simultaneous reactions. If one 
looks at the structure of brucine 9-aci-nitro-S-fcenzoyi-

c&n take place. First, assuming that the brucine salt is a

mutarotate, for brucine salts have been shown by Adams(82), 
McKenzie(83), Kenvon(84) and others to mutarotate In chlor­
oform. Thirdly, the brucine salt may decompose. Due to 
air oxidation brucine hydronitrite, 2 -benzoylfluorenone and 
potassium nitrite may result.

It also may decompose to give brucine hydronitrite and a 
dimolecular compound.

On the basis of these results, It, therefore,

o 0
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Then Di-acme hycironitrit© Doing an unscaDX© coiTipound may 
decompose to give brucine and nitrous oxide which would add 
another effect. Finally, the alcohol of coordination present 
may be oxidized to acetic acid by the nitrous acid. The 
acetic acid may then combine with brucine to form brucine 
hydroacetate. The final rotation seemed to indicate that 
brucine acetate was an end product * v'

It has been shown previously in this thesis that 
the brucine 9-aci-nitro-2-benzoylfluorene crystallizes out 
of ethyl alcohol with a molecule of ethyl alcohol of coor­
dination and out of n-butyl with a molecule of n-butyl 
alcohol of coordination. The salts obtained from these two 
solvents should act differently when dissolved in chloro­
form. The n-butyl alcohol, being a heavier molecule than 
ethyl alcohol, would be expected to break away from the 
brucine salt more readily and, therefore, the decomposition 
of the brucine salt would be expected to be more rapid, A 
study of the rotations of the two salts in chloroform showed 
this to be so.
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Rotation of Brucine 9-aci-nitro-S-ben3oylfluorene with

Ethyl Alcohol of Coordination in Chloroform.

Solution 1* (Curve I)
Brucine salt(0,5020 g.) in 25 cc. of chloroform. 
Temperature 23°.
Length of polarimeter tube tv/o decimeters.

ne in hours Reading Zero Reading j£_ fstjo
0 0*47 3*50 +3,03 75,75
0:05 Os 83 3*50 +2 ,67 66 .76
0 : 1 0 0,93 3.50 +2.54 63 • 51
0 : 2 0 1.03 3.50 +2.47 61.76
0:30 1*09 3*50 +2*41 60,26
0:45 1.15 o • oO +2 .35 58.76
1 : 0 0 1.19 3.50 +2 *31 57.76
3. t SC 1.28 •31/ 0 W +2 . 2 2

. r* r \; oo T A r-r 3.50 > n  r \ T f"T" C j  0  \ J  ( 51.76
4:45 1 »60 3*50 +1.90 47.51
8 : 0 0 1.67 3.50 +1.85 45.76o*z - nn o o * ■3 =:riV> . o ̂ • X • JwO

31:15 2.44 3.50 + 1.06 26.51
47:00 2.69 3.50 +0.31 20.25
72:00 3.09 3 .50 +0.41 10.25
95:00 3 .36 3.50 +0.14- 3.50

143:00 3.81 3.50 -0.31 -7 .75
169:00 3.91 3.50 -0.41 -10.25
217:00 4.20 3.50 -0.70 -17.50
295:00 4.45 3,50 -0*95 -23.75
389:00 4.61 3 .50 -1 . 1 1 -27.75
485:00 4.77 3.50 -1.27 -31.76
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Solution II

Brucine salt(0.5946 g.) in 25 cc. of chloroform. 
Polarimeter tube two decimeters.

temperature = 23°G.
Time in hours Reading Zero Reading o(>

0 : 0 0 1.15 3.53 +2,38 +75,39
0:25 1 . 6 8 3 .53 +1.85 +58.60
0:55 1.79 o . o3 +1.74 +55.11
2 : 2 0 2 . 0 0 3.53 +1.53 +48.46

2 1 : 2 0 2.55 3.53 +0 . 8 8 +27.87
67:40 3.57 3.53 -0.04 - 1.27

119:20 3.98 3.53 -0.45 -14.23
142:30 4.14 3.53 -0.61 -19.32
165:20 4.36 3.53 -0.83 -26.29
199:00 4.40 3.53 -0.87 -27.55

Solution III
Brucine salt(0.3985g.) in 25 cc. of chloroform. 

Temperature 23°C
Polarimeter tube two decimeters.

Time in hours Reading Zero reading l<&1

0 : 0 0 1 . 1 0 3 . oo +2.43 +76.22
0:25 1.62 3.53 +1.91 +59.91
0:55 1.75 3.53 +1.79 +56.15
2 : 2 0 1.91 3.53 +1 . 62 +50.82

2 1 : 2 0 2.70 3.53 +0.83 +26.03
67:40 3.61 3.53 -0.08 - 2.51

119:20 4.00 3.53 -0.47 -14.71
142:30 4.24 3.53 -0.71 -22.27
165:2-0 4,42 3,53 _n qo

---- V *  U V =27.92
199:00 4.50 3.53 -0.97 -38.31
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Rotation of Brucine 9-acl-nibro-2-bensoylfluorene with. n-Butyl

Alcohol of Coordination in Chloroform.

Solution I, (Curve II)
Brucine salt- (0*1584 
Temperature 25°. 
Length of tube, pola

.me in hours Reading

g.) in 25 cc. of chloroform, 
rime ter, two decimeters.

*15Zero reading a  1<&JV

0 : 0 0 2.64 3.48 +0.84 +66*89
0:05 2 #66 3.48 +0.82 +64.71
0 : 1 0 2.74 3.48 +0.74 +58.38
0 :2-0 2*83 3 .48 +0.65 +51.29
0:30 2 . 2 0 3 *48 +0.58 +45.76
0:45 3 . 0 0 3.48 +0 .48 +37.87
i . nn 3.06 3.48 +0,42 +33.13
1:50 •z in 3.43 -fQ _ ̂>£3 +29.96
2 : 0 0 5.14 3.48 +0I34 +26.83
3:00 3.23 3.48 +0,21 +16.57
6 :30 •z ZO  

O © +0.16 +12.63
47;55 3.75 3.48 -0.27 -21.30
73:36 3.88 3.48 -0.40 -31.56

121:58 3.94 3.48 -0.46 -36.29
269:17 4.01 3.48 — 0 « 5o -41.82
293:57 4.00 5.48 -0*52 -41.03

Solution II
Brucine salt (0.2070) In 25 cc. of chloroform. 

Polarimeter tube two decimeters. 
Temperature 23°C.

in hours Reading Zero reading <6 til?

0 : 0 0 2.40 3.50 1 . 1 0 +66.42
0:05 2.47 3 .50 1.03 +62.19
0 : 1 0 2 . 61 3.50 0.89 +53.74
0 : 2 0 2.72 3.50 0,73 +47.10
0:30 2.80 3 • 50 0.70 +42.27
0:45 2.84 3. 50 0 . 6 6 +39.85
1 : 0 0 2 . 8 8 3.50 0.62 +37.44
1 : 2 0 2.90 3.50 0.60 +36.23
2 : 2 0 2.96 0 . dO 0.54 +32.60
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The two curves here presented, show the specific 
rotation plotted against time for the first few hours. It 
can be seen that the salt containing the n-butyl alcohol of 
coordinaticnd) begins with an initial specific rotation of 
about +6 G while that with the ethyl alcohol(II) Is +75. The 
curve for- the n-butyl alcohol of coordination (I; shows a rapic 
change In rotation for the first few hours which then grad­
ually decreases. The ethyl alcohol curve(II), however, shows 
a very rapid rotational change for- the first few minutes 
which gradually tapers off.

If conditions are selected so that both blaster.' — 
clsomers are present and alcohol of coordination aosent, 
there should be a difference In the initial rotation and the 
mutarotary effect. These conditions were obtained by mixing 
equivalent quantities of potassium 9-acl-nltro-2 -benzoylfluo- 
rene with brucine hydrochloride in chloroform. The potassium 
chloride formed was filtered before the solution was placed 
in the polarimeter tube.

It was found that the initial rotation of this 
mixture was different from that of the brucine salt crystal­
lized in 50% yield from alcohol. 'Three independent determin­
ations gave specific rotations of +59.20°, +52.88°, and 
+56.11°. The active brucine salt from alcohol in chloroform 
had a specific rotation of about +75.

The change of rotation in chloroform for the 
three different mixtures is given in the following tables.
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itutarotary effect of a mixture of one equivalent of potassium 
9-aci-nitr o-2 -bens oylf luorene with one equivalent of 
brucine hydrochloride in chloroforni.

Solution I
Potassium 9-aci-nitro-2-benzoylfluorene(0.3280) and
0.4 of a gram of brucine hydrochloride were weighed 
into a 25 cc. volumetric flask. Chloroform was 
added and the solution was filtered directly into a 
two decimeter polarimeter tube.

Temperature - 23°
Amount of bri:c.ine salt formed was (0.65S3 grans)

in hours Heading Zero reading &L L<x.) p

0 :CC 1.92 3.48 +1.56 KS v»‘ + C*\j

* V.**.-' 2 .05 3,48 -1 .43 54 *260:10 2.’l2 3.48 +1.36 51.600:20 2.17 3.48 +1.31 42.72
0 :3C 2.22 3 .48 +1,26 47.820 :50 2.32 rc a d

O  • C +1.16 44.021:20 2 .37 5 .46 +1.11 42.122:20 0 pn■-/ * U v 3.48 +C.83 35.59
3:35 2.84 <T / r> 

w  #*xO + 0.64 24.29
1 o  • ̂  ̂X  v # v c/ 5. £2 «-» A

O  •
A

•" ̂  'X
_  7 r?r\ «1_ O * / v>

48 :45 3.26 A  O  ^  •nrkb -C.48 -1 p p p•" J- * *c <0
75: CC 3.26 S 4 PO  • hi <w «_r*  ̂0“ vy ♦ rr vj

n /"*» O O  
—  J.C #21 :4C 3.95 'Z A Q

** Vm ♦ v  O i p  0 0
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Solution II

Potassium S'-aci-n5.tro-2-bensoylfl\iorene (0.5230) mixed 
with 0.4000 g. of brucine hydrochloride in 25 cc. 
chloroform. Rotation in two decimeter tube at 25°. 
Amount of brucine salt formed was 0.65SS.

lime m  Hours Reading Zero readinn oC UJ*

0:00 0.70 3.48 2.78 e;0 ooOtt « o o-
0:10 0.70 'Z A O O # r 2 .78 — O 07 O • a-- O

0:50 0.7S 3 • 48 2.72 51.75
2 :25 r, o cv-/ •  ̂O 3.48 8.50 47 . 55

10 ; 00 .1O • ‘1 1 hia. • h/
01:10 5.25 ij • T O rs o t 4 . 35

157 :15 3.75 3.48 -C .27 -5.14

colutj.cn i l l

irn Q‘unt s of salt s and cendit i ons s ame as in Solution

>•* " •r: hours din.” Zero :readi nc d U T o

0 :0C 0 • CO .48 2 .95 DO .11
: 10 n ♦ bo .48 o .80 53 .27ot-j. {-■ oo« 3 .43 2 .66 50 .60

is :45 1 .87 3 .48 1 .61 50 .63
SI : 00 3 .67 3 • 48 - .IS «• ^ .62

137 :C0 4 . oO 3 .48 -1 .02 -19 .40
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The change for each solution is different. The 
initial rotation is ahout the same for each one, but the 
time for cacti to become constant and the final rotation are 
ai11 eren u. auv/c v—r , o iic _l::lOyr *.>̂xii. ̂ . u.-c r s  t - actor is
that the initial rotation is less than that of the brucine 
salt which was crystallised from alcohol. This indicates 
that potassium 9-aci-r. 11ro-2-benooy 1 fluorene and brucine
V, v.,p -f i,*, "I ,y .-3 - -*7-; p h i  -v -»r ~ w> * avrs^ n f  "Kr\4*V*
a i V ws. JL VV1 -i — Vi -L‘_L ̂  JLil bi vi iiA v y ex «✓ w   ̂  ̂  ̂ —̂w--

diastereoisomers of brucine 9-aci-nltro-2-bens oylf luorene , 
while slow crystallization from alcohol gives cut ons.

It is important to note here the fact previously 
mentioned (page -f6 ) that when the brucine 9 - ac i -n i f. r o -2 -be n- 
z oylf luorene v;as prepared from one equivalent of potassium 
2-aci-nitro-2-benzoyIfluorene and two equivalents of brucine 
hydrochloride, 9C;f of the salt precipitated out (both dia- 
s toreciscmers ). 'Trie rotation of this salt, is similar to 
that of the simple miutvre of potassium 9-aci-nitro-2- 
beusoylfluorene and brucine hydrochloride In chloroform.
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I.aitarotatnry effect of brucine C-gc 1-nitro-2- 
ienzcylfluorene prepared from two equivalents of 
brucine hya r o chior id e and one equivalent of 
potassium aci-nitro salt in ethyl alcohol.

Solution a
{0.4568Brucine sail 

rf anhyvlrou:
Polarimeter tube - ;wo

■N f> O «—< T” ‘ U -s
j • a '- ’ v_-

decimeters.

Time an aoars flro reacting <5̂ W o
X3

0: 00 1 58 5 • 50 +1 ♦ S2 +52 •00
C :05 1«

t-7 ct 0 « 0 [j el . 7o +47 «37
-3 i ♦_Ls3 5 *50 +1 .32 +35 •

n ̂  -i-uO
- . - « v)v t r\ j- 0JLb:tr U o •J_ % O ; *OiJ • V/0
42 :40 4 *4:0 3 • 50 —0 .95 •

A r-

W 1' V10 -i /■>s 50 — 1 ,30 -35 ♦56

ooJ.ucion -j.
Brucine salt {0*2058 g.) in 25 cc. of chloroform

rube - 2 decimeters.
r' — O 1.U & O

In Hours Reading Zero reading ci

C : 00 2.61 3.48 +0.07 +52.84
0; 05 2.71 3,48 +0.77 +46.77
0:15 2.80 3.43 +0.68 +41.30
0:35 2.83 3.43 +0.60 +36,45t - r? c1 « u/ >j O Ci c. •-/ 3.43 +0.49 +29-90
2 :35 5.03 3! 43 +0 .40 +24 H o
7:20 3.45 3.43 +0.02 +1.21
;3:20 3.84 3.43 -0 .36 -21.87
!S :35 5.08 3.48 -0.40 -24.30
>0:35 4.20 3,43 -0.72 -43.75
12:05 A 07* *-f • 3.48 -0.79 -47.98
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It seemed orob&ole that both decompo31 fcion and 
r&eeiainat5.on were occurring together in chloroform solution. 
Hie use of a basic solvent should inhi'oi h tacomposiblon.

' -> -s—* w « 4- * w . n  o 4-i t L-"o .si c:- 11- o .n 1 t t  .-i ^  ~ T7£*
^  V»» \-f- uw a l  a ^ « V  W o UU'-*.J W .fc. v-1. ̂  1- —• — « —

brucine 0—aci —ni11‘o—2 — oa;i 2 oy 1 f lu or ene v/ibn. the known mixture
of diastaneoisoiiiers in pyridine siade possible the separation 
of the two effects.

Vf'O*' '• N r- 1̂ • «-v c 3 3 Q  J_ 0 r>v>1 3 7-1 ̂  >**;£> -rsipi-i <5 &  11  ̂ -p Q y<~) Q

In rotation took place for a period of about thirty minutes.
U. O  < V  11 if 1 i 1/ I f O  io —  j_ li o  u  d  i t  v^ _u o  <l j  k j cl j- - - j  ^  ^  'j u  i  *

cation from alcohol in of 1 yield, was studied, there was a 
constant chan e in rotation from the beginning.
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butarotarv liTect oi' Jrucir.e 9-aci-nitro-2-bsn.zoyl-

i' 1; ;ui’0 ::0~ li- OVl'i J.1 :lo .

I nc £? c 1 1 ( 0 • • i 8 97 ■ .  } i« 2 a A t * cvr* id L p.s
o  K OA cw  »-• - •

rolar L.eter tube - tv;c deciir.eters .

*  ) '  ' Q  •; i >> 3 iieadin;: 1 ero reaclinz K

U t 'JO 1,53 3.46 +1.9o 6 9.69
n * n aN-' « ^ *1  ̂̂ u »  «  ♦-/ ̂ 'Z. / I Q  w  .  n .  u ■ i O  O ' ?  ■ -1. .  ^  ' •_/ Q  O  A  AW  kJ .  W  W . / " m ;W V 6  s^V-/

0 : 2 0 1.51 3 .48 +1.87 cc .83 .00105
0:45 "  7  f t 3 *  43 +1.74 ^  O  1  o-'irf a  -4- v A  A T  O i -

1: 1 0 l!s2 3*48 +1.65 59 .33 .00115
1:42 1.89 3 .43 +1.59 55 .83 .00100
7:32 2.14 3 .43 +1.34 47.89 .00024
■ ^  O 2.55 a  U R +1.15 41.11
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Rotatory Effect of a fixture of Potassium 9-acl-nitro-
2-benzoylfluorene and Brucine Hydrochloride in Pyridine,

Solution I (Curve II)
Potassium 9-aei-nitro-2-benzoylfluorene (0.1640 g.) 
mixed with 0,2000 g. of brucine hydrochloride in 25 cc. 
of pyridine•
Rotation was studied in a two decimeter tube at 25°. 
Amount of brucine salt present was 0.3272^.

Time in hours Reading Zero reading
n . no 1 oq
0:10
0:20

1.85
1.85

0:35 1.35
1:10
1:30
6:25

22 :35 
34:35 
48:05 
65:55 

117:40

1.90 
1.25 
2.15 
2.43 
2.45 
2.57 
2.7S 
3 .21

•=: a aV «

3.48
3.48
5.48 
5 .48
3.48
3.48

,t n  «  * t C
5.48
3.48
3.48
3.48

m : 3

-j-i a  ^ -i_g0  o r t• w■«< .  ^  >
+ l l 6 3 + 6 2 . 2 7
+ 1 . 6 3 + 6 2 . 2 7
+ 1 . 6 3 + 6  2 . 2 7
1 . 5 8 - 1 - 6 0 . 5 7
+ 1 . 5 3 + 5 8 * 4 4
+ 1 . 3 3 + 5 0 . 8 2
+ jl •  G o +4 0  * 1
+ 1 . 0 3 + 3 9 . 3 4
+ 0 . 9 1 + 3 4 . 7 6
+ 0 * 6 9 + 2 6 . 3 6
+ 0 . 2 7 + 1 0 . 3 1

Solution II
Amounts and conditions same as in Solution I.
Time in hours Reading Zero reading d n

0:00 1.24 3=48 +1. 54 +58,83
0:50 1.24 3.48 +1.54 +58.83
1:10 2 . 02 5 .48 -rl .46 +55.78
1:55 2.14 3.48 +1.54 +51.12
2:55 2.25 3.48 +1.23 +46.99

18:30 2.45 3.48 +1.03 +39.34
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h study or the curves 3hows, chat the active 
brucine salt v.*i th alcohol of coordination (Curve, I, ) shows 
a gradual change Trot: +39.19, for about an hour at a constant 
uute (r ac 0-.ll a at 1 on }. After this tire . the slope of the curve 
o' c " os 1 vdi-"* at ̂ v g u-'ot'sr tvee of react Icti dtcomosition 1« 

The curve, representing the mixture cf two dia- 
ctereoiamers(Curve II), shows no change in rotation for the 
first half hour5 “.'he specific rotation remains constant at 
32.27°. at the end cf this tire, the rotation begins to 
change gradually due to decomposition of the salts.

These resales indicate that when tit crncir.e ac 1-
H i  o P O  3  3. -LZ- Z  Z 3 . t r  1 1 3 . 3 C L . : V i  It _I_ (J J 11 if x Oh  C 0*0 i20.0123. i v u  —

solve 1 in pyridine racerruzat Ion takes place as the ethyl 
alcohol is lost. This occurs during the first hour. After 
this tine decomposition of the salt takes place and the curve 
assumes a different slope.

That this is a racemiz at ion reaction can be shown 
by calculating the reaction constants or by plotting tine 
against the log of the concentration. A. raeenisation

GCU,"̂0 10 700̂ ri=i ° * O ̂  ̂   ̂£LC t/ * 0"P *

T--* / .>

'  ' '  < U’ ■“ ** ■ » rl I 'If "i (W »
J - i .i. w  ŝ L — . i. j * 0  , -W»

J  V 0tc pC
-  ia; as the initial concentration of the c£-form and (x) 

>unt of d~ —f or.’i that changes to /-form in time {t),

QX _ \ ^1 ” — y~ \at
m u  k

£L̂1 logio -h----------

2 t a-2x
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then di* is crocort ic r.al to {a} or the initial conce^tratio 
a n d . o L t  is pro port lor.al to (a-2x ) concentratioa after t  iise 
(t). I;' (c) is plotted a_;ainst lop et* a straight line is
formed as is shown by pruph ill. hue c a leu la tea reaction 
constants airec also fairly well sr.eept in the firsu case

ro tine is impossible-. the 
are hivea in the table.
In t h e  mi ait are of potassium 9-ac 1-nltro-2-ban- 

soylfluorene and brucine hydrochloride(CurveII) in pyridin 
T -ii*? ^ ^  n o  C-IS-H  'O f 02? a b o u t  t i i o  f b u s t  iis L ljT  h o u r » T i l l s  i s

so because here there is no possibility of raos.nis aticn
iinC'3 DO'Cii llS IhlUOlS 0::i'3i~5 a.I~6 pi"t

;his time is due to decoiuoosit ion#

’i Liese r6Si
isolated*

lit s shoV; that one diastereoisonier has ben

If this conclusion is correct, a symmetrical 
ac1-nltro compound should behave lihe the uiuoure of aia- 
stereoisoruers. ho test this reasoninn, the brucine s ait 
tne 5ym..etrical •-•-ac 1-r.itro-2 » 7-dibenzovlf luorene was 
crystallised from alcohol and studied under identical 
condlti ons.

L O
. ^ ^ ~ Q  BRUC/Ne

c.w5c* 3 II
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The sal; had a high positive specific rotation 1 
chloroform of +5 3.92, and in pyridine of +78f07? It will 
be remembered that the active brucine 9-aei-nltro-2-benzoyl 
f lucre no ha a a lover spec ii'ic rotation in tj\ridine than in 
chloroform. The effect in the (2,7) compound is, therefore 
reversed.

Then brucine 9-ac1-nitre-2,7-dldenzoyITluerone
v:as dissolved in oyridine, there was no change In rotation
Tor about two hours. After this tine, the rotation bepan
to oUr-. n re it. du.a I Iv due to dec oucos i t ion „ The rotation of
C.odo4 g r a m  of the salt in 25c c. of pyridine at 25° in a 
 -- j  ̂ j_o 0*7 r ■' *•
\j Ks J n a o  o  u ' o ' h  n  a o  • k /  « ^  c v  J  p  j  * *  w  —  ..it—

of two hours there was no change; after six hours the 
rotation had changed to <& , +1.58, /<̂ J0 , +72,55 .

hi nee this brucine salt is symmetrical there Is 
no oossibilitv of cotic&I actlvitv in the aci-nitro comooun 
the rotation Is due tot ally to salt for a. at ion. hence, it 
should act similar to a mkture of the two aiastereoisoraers 
in pyridine. That it doss, proves part of one rotation of 
the brucine 2 - ac i - n i t r o - 2 -b e nz o v If luor eno with alcohol of
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SUMI.1ARY
Erucine hydrochloride reacts with potassium 9- 

> - 2 -b e nz o y Iflucrene in alcoholic solution to give
' - !111 \ o c s \v x is 11 o i-* w y i o x. s c "* i3.0 o JT 

alcohol of cr, st al 11 z at ion* One cli:
9-aci-nitro-2-oensoyIfluorene was obtained.

•fhe isolation, of the one d i as ter eo isomer indicates

•o
,‘o ;c s h 5

h 11l i  US .y - ..hiitr’ •-/ A* q o  -A- _l o o o ^ ,uc av / « 4, s/ j - v i i t

The alcohol of coordination plays an Important
part in preserving the asymmetry of the molecule• fhe
alcohol may ccoi'dinate to the two electrons on the carbon

rthus:
' n

V .

R H „o;
Brucine.

In doing this it prevents the electrons from resonating 
hence, stabilising the ion and causing it to crystallize as 
an active brucine salt.

It v;as found also, in my previous tie sis (So) 
r.hah the & —vnfthVnrl psshftr* or' 9-ar.i -ni tro—2-benzovlf luorsne✓ C — - -  - v

was only stable In the presence of alcohol. Evaporation 
of the alcohol caused decomposition of the ester.

when the brucine salt Is placed in a stabilizing 
or basic solvent such as pyridine, the alcohol first comes
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eff and then the Ion racenlzes since pyridine aces not Hin­
der the race-iiis at ion reaction. Ihis takes place dur ing the 
first hour and then decomposition begins to take place.

Therefore, si ace It has been demonstrated that 
the condensation of fislicenus(28} can be extended to the 
ore carat ion of c o m  le x nltro comoounds, and that- alkulo id a 1 
salts of the aci-nitro compounds can be prepared from an 
alcoholic solution from which they separate in crystalline 
form with one molecule of alcohol of coordination, there 
now only remains the problem of applying the methods dis­
cussed to a more stable aliphatic nitro compound. When such
a compound is found and resolved, it may De possible ro
isolate It from tii.6 ul.culcic. m  an active form tnus giving

'-C /-'.TO xn ^  a  f  ? r. ' t* a  O  C? V  A  ■*“ ^  «-*■*-*-? <> v-n o r *  -t- i'-' ̂  O  Q  Tirivr, o r m r  ,—\ t
<zk iliWfc W  4. W  A W  * . W  .A. w  ^  - w  Ŝ, —  - 1 — ' 1* - W  d  O  , - ail. W  V  ̂  j  —J-

the carbon joined to the nitrogen in alipnatic nitro compounds,
Besides potassium 9-acl-nioro-2-benzoylfluorene(I ) 

the following new compounds have been prepared; potassium 
w-ac i-nitro-2,7-dlbenzoylfluorene(II), potassium 5-aci-nltro- 
2-nitrofluorene(III) and potassium 9-acl-nltro-2-benzoyl-7-
nitrofluorene(IV ).

-^-OK r ^ M*0

H-OK
A /  V N - N O ,

\ y  n  \ /
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2 hlnn I MENTAL

A. Preparation of Brucine 9-acI_-ni tro-2-benzoy If luorene

1. Preparation of potassium 9-aci-nitro-2-ben- 
zoylfluorene - An apparatus was assembled as shown in the 
ura,pI'iLiTi* *»<er- the apparatus was s\vepo thorcugn witn nitro—
gen gas 7.25 grams of clean potassium, was added to flask(A), 
containing 50 cc!s. of dry benzene. A dropping funnel con­
taining 50cc!s. of absolute ethyl alcohol was inserted at 
(C). Slowly the ethyl alcohol was added, drop by drop, until 
all the potassium was converted to potassium ethylate. This 
addition took from an hour to two hours. In 200 cc’s. of 
hot dry benzene bO grams of 2-oenzoylfluorene was dissolved. 
This he
mechanical mercury-3ealed stirrer ( u )  aid a c ondenser(F), 

containing a drying tube. The hot solution was stirred 
constantly so that a fine suspension, of toe 2-benzoy If luorene 
was formed when the solution had cooled. '.men the solution 
attained room temperature, 17.5 cc1s . of ethylate nitrate 
was added with stirring. The dropping funnel, at (G) was 
removed and tube (t>) inserted. Nitrogen was allowed to pass 
into the flask, when condenser (B) was stoppered tightly 
the nitrogen forced the potassium ethylate from flask (A) 
into (D) at a constant rate. The potassium ethylate was 
added slowly. The solution at (D) turns orange on the first 
addition of potassium ethylate and then an orange-yellow
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crystalline pot ass Ivan salt began to precipitate. After all 
the potassium ethylate was added, the apparatus was corked 
tightly and the mixture was allowed to stand in an atmos­
phere cf nitrogen for about twelve hours• After this time, 
the crystalline potassium 9-ac i-nitro-2-bensoylfluorene was

i -f- —     4-1— —  - - —  4- • ^  ,-P * +- V*> -*-»t r- V> n n r » n v > / i  o n ^  o i l
J. i. I t C i v U  _L O i l  £3 ‘-L’-j t/ JL*«/ i* j >> c t O  U ^ y U  ** a. o  A a  u i  j  w *

to dry in the air. The yield was 54 grams or 32.5%.
9-Aci-nitro-2-benzovlfluorene - Two grams of

potassium 3—a.ci-juiiiA'O — 2—benzoyl/ uucrene was dxssoivsd xn 
100 cc. of boiling water, filtered and cooled, after cooling, 
dilute hydrochloric acid was added until a pale yellow pre­
cipitate was rormed. the precipitate was rilterea oy succicn, 
was:ied several Limes w 1 tlx water ana cirre-a in tne air. m e
.■m *r̂  T— . .■* ^  ' *-o •';* " n i l  ** ri o: O O  d ^

Five-tenths of a gram of the aci-form was dissolved 
in ether and to this was added excess(occ.) concentrated 
hydrochloric acid. A yellowish oil at once appeared which 
on standing solidified. The solution showed no further 
change. On standing the ether evaporated causing the appear­
ance of yellow crystals which melted at 115°. The crystals 
were not further investigated.

2. Brucine 9-aci-nitro-2-benzoyIfluorene.

fre oar at ion I .- Ten g r a m  of potassium 
9-aci-nitro-2-benzoyIfluorene (one equivalent ) was dissolved 
in 500 cc. of 35% ethyl alcohol at 70° and filtered. To 
tnis -was added a hot solution of 12.20 grams of brucine
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hydrochloride (one equivalent) in dO cc. ol ethyl alcohol. 
The tenoerature of the final solution was 50°C • lime diate ly 
on addition a fine, crystalline precipitate of potassium 
chloride appeared. after- about ten or- fifteen, minutes a 
ve H o w , crvst alline brucine salt, be can. to crystallise . TheJ V *•

sad.es of container were scratched, sac mere crystals appe ai-eu 
which settled to the bottom of the container. The crystals 
were filtered and triturated with water to remove the po­
tassium. chloride present and finally washed with water until 
the wash water gave no further test with silver nitrate, 
she vie Id was 11,1 prams or 50;s, The brucine salt sintered
. j_ i  /■* a O

weighed sample of 0,3916 prams of the brucine
salt in 25cc« cf anhvcircus ccloi’oiorn when d a c e
decimeter polarineter tube at 23°C pave ci , +2.-38, fdjp > 
4-7 u -=-> o °

Preparation II - Twenty* grar.s (one e qizi valent ) 
of potassium 9~aci-nitro-2-beiisoylfluorene in 1000 cc. of 
95% ethyl alcohol dissolved at 70° and treated v/itli 24.1 
grans (one equivalent) of brucine hydrochloride in 200 cc.
C j ' f * “f- 1~.tr *! c 1 pyn rh r r i t: 1 f 1 i"3 ' f ' O -4- Vi o nr»i to i u o

salt on cooling or a yield of 51,3% of the theoretical.
A sample of 0.5020 grains in 25 cc. of anhydrous 

chloroform when placed in a two decimeter polarimeter tube 
at 23°C. gave dL , +3.05 °, [ d j ^  , +75.75°.
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Prep^ration XXI - The treatment of one equi­
valent of the potassium sal^ with two equivalents of bruc ine 
hydr o ch lo r 1 a e . In 1400 cc . of e thyl alcohol 17.2 grams of 
potassium 9-acl-nitro-2-benzoyIfluorene was dissolved at 
6 0°C. To this was added a solution of 40 grans of brucine 
hydrochloride in 200 cc. of 95,1 ethyl alcohol. The yield of 
the salt after cooling and filtering was 33.4- grams, a yield
of 9C/o when based on one equivalent of the potassium salt
-r-,-s -A >-i r*- * ' t c  1 o  V s h-vTi> ̂  -> v-' o  ^  ^  -i ^  Vi ^  '*-> -»-i dw  w  v _ .. - 1~< w  —  w %_/ J- - -.W w  — . — v̂ - — r ijr i. ±  i . i U w  * —  O *  *w

salt sintered at 170° and decomposed at 173-180°.
sample of C.43-63 grains in 2o cc. of anhyurous 

rfn 1 ."k-PDform rqvfl ar, PS°0 +1 - to /vT •*-.-> o . ay °' ~ • " - - - - - ^  - j > - ... - ,
in a two decimeter polar i me ter tube.

Î"1 " ? ^ p f j  ̂^ hi o » - q\*.r ci d g "t "t* : fi c* ''it~ t* f> "T* "f* f* ft
excess brucine hydrochloride.

Preparation IV - Treatment of one equivalent 
of the potass fun salt with one eq~aivalent of brucine and 
one equivalent of brucine hydrochloride. Ten grams of po­
tassium 9-aci-nitro-2-benzcyifPuorene was dissolved in 
1500 cc. cf 95;t ethyl alcohol and mixed v/ith 11.2 grams cf 
brucine in 25 cc. of alcohol and 12.24 grams of brucine 
hy dr o c-hlo ride in 30 cc. cf alcohol. On cooling, filtering, 
and washing the yield of the brucine salt was 15.5 grams or 
50.7/b. The salt sintered at 170° and decomposed at 180-184°.

a  sample of 0.3985 grams in 25 cc. cf anhydrous
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chloroform ^ave in a two decimeter tube at 25° , +2.45“,
_ -j3-i

I jC1d +76.22°.
Rotation of brucine in anhydrous chloroform. - 

Three-tenths of a grain of brue_ne in 25 cc. of chloroform 
gave an ^  , -2.79°, /^Z> » -llc.25° in a two decimeter
tube at 25~C.

Rotat ion of brucine hvcrechlcride in anhydrous   -   - _ _—    - _ _ -  ̂_

chlerof orir. - .-i a ancle of .oCCS .^rams in 2o cc. of chloroform 
gave an ^  , -0.45°, lc?J , -17.82° in a two decimeter

i t  k* i f °C.

rreuaratlon of 6r-uc ine
I 1 <7 o «• >-> "1 f'.T' T~ ̂  ̂  T* O T* ^0 C i~- 53 ̂  * T ' T"*"1 O M c; Q ̂  _ ■'n T'* (''x M O _

benscyifiucrene was dissolved in 900cc. of n-butyl alcohol 
at 100°. This solution after filtering was treated with 12,2 
grams of brucine hydrochloride (one equivalent) in 100 cc.
f b  ^  C* 1  ^  ^  ' V i  ̂ s. ->->i * \ ' f  n r n o  -vr -! 1 r! A  Q  r~*- -v> cj r\ T *  + "  ^V- X. XX k-» CX ^  U . CX -X.W -X. * i.î> -IX Xi-. O X V  xsas/ VX W # *C C-'~“ w >-/ ——

brucine salt or 2S/co. The salt decomposed at 170-175°.
A sample Gf 0,2070 grans in 25 cc. cf chloroform

-2+
at 24° in a two decimeter tube gave ^  , +1.10, ,+65.42.

1:1 Ratio of Aci-Kitro Comoound to Bruc ine - A
sampxe ox x. sivti grams oi the brucine salt dissolved in 2Ccc, 
cf chloroform was treated -with 15 cc. of 6 i;. sodium hydrox­
ide at 24 °C • The brucine salt decomposed, and sodium 9-aci- 
nitro-2-benzoylfluorene precipitated. It was filtered into 
a weighed sintered crucible, washed, dried and weighed. A 
sample of G.S145 grams of the sodium salt was obtained -which
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was equivalent to C.7o90 grans of the ac_l-ion (Ca 0H12 C3h )

Calc cl. j. or  ̂C7II3 • C2 H5 Ch 1 41.85
C' T-T T\ <*■ Qx o u : : u »  w  ^  ,

Analysls of Brucine In Brucine bait - Sample I . 
Brucine salt (1.0021 grams ) created with lo cc. cf 0.2K sodium 
hydroxide and extracted with four 50 cc. portions of benzene 
pave at 24° in a two decimeter rube <fa . -0,51°, after 
drying over calcium chloride. The 1 . 0 0 2 1 grams of brucir.e 
salt was equivalent to 0,5245 of brucine in the extract.
On the basis of this amount of brucine [d}0 was -97.2?°.

brucine salt, equivalent to 0.2720 grams of brucine, with 
15 cc. of 0.2N sodium hydroxdde gave an extract cf 100 cc. 
with benzene, fiiis solution in a two decimeter tube at 24° 
pave , -0.47, J/j6j0 , -83.40°.

sample of 0.5 grams of brucine in 25 cc. of
_  j ~iJr ^benzene gave d> , -2.47, LdLj -102.92 in a two decimeter

o / k-:

wiu o :ix> jrac - ae _n one wnu. g-a m -ra oX’o-g-oe.vzc~~JZ. more: 
for if the ratio was one acl-nitro to two brucines the 
corresponding specific rotations for sample I and II, woulc 
be -71.14 and -35,08,
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Analysis of Bruc 1 r.e-1-ac i-riltr o-f-'censoy Ifluorene .

01
Brucane Balt 'At. of G 0^ A t , of H? Q )b of C . c,i> Kg 

round

1] 0.2729 0.7229 0.153d 72.55 5.
2) 0.2728 0.7193 0.1455 71.90 5.
3} 0.2745 0.7274 0.1585 72.24 6.
4) 0.2742 0.7200 0.1344 71.cC 5.
5 ) 0.5 011 0.7905 0.1543 71.58 5.
•J ) 0.5COO C.7852 0.16 04 71.59 5.

Average = 71.84 5.

U!iJ.C • i O r  ^ i 3 “ 3 8 v 7-'3

oai.c . i or cs--‘3 a 071.3 Ah on
< <,. ii
71.60

_n_s !."sas ic:ne s

racic oi one a c i-ncro ion go one
lias one molecule of ethyl alcohol of coordination.
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bee end. L-iast.ereois oner -Br u cine 9 - a c i - n 11 r o -
; e 1 1 ov 1J' In o re r e .

fractional Crvs t allis at .ion - Fcur rrans of
notasslum 9—ac 1-rit ro—7-h nr o ■; li lucreno were u if'solvcd in

* <■ -\ "• o V"\ ̂  * T •' 1 ?^ v> ^ o n  v i  ex J. ̂ • C
'w CX..iV_c filtered.

hj- dr oc iilcr ide In o C cc# of alcohol at 70° v:as added. tina] 
t c c ■ -"a? ~v 3 t u 2/ c o coliiiior v.’as oC°C# I'' o Uv2/ s e t s cf c i*"v s t a Is y.t 6 r* 0 

obtained at the fcllowlna tecioeraiurea .

Teir.p erasure rarae i iexc
■. r*r» o  r r ,  ̂ £ ..ei o orml <=■ cC M ,

2 3

a 0_'= e °O *w-—* <-/

oc-c 0
3 C-25 ° 
c ̂ _ a °

1.22
2*e o 
0.90 
C.52

i . U
on sp

10.50 
5 «15

0.2982 +1.55 +55.48
0.33 05 +1.85 +5 9.95
0.2859 +1.85 +54.82

+1.C5 +47.92. 22 .'

=  G O . O G

cuoe a'
. c> +■ c  VI

ana r . lL C C •

c o f  ; 'j .3 —

,rr •
*•* p. r. n 1 r- p p. n • *

graves , at 25 Ir-
aS

-1- j .  i» oi • t-' A

the sc 1 at i o r 3 a v e X> , +0.17, M t > , +5.68. Thi

25 2 e c . of
7.0 aecimeter tuoe

is snows
le second diastereoiscir.er has a low oositive rotation
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Actl.cn of aeqnecus potassium .iycroxiae on 

active bi’uc 1 lie O-ac 1-nitro-2-beaney If luorene - - a. sample 

of 0.5420 cf the brucine salt dissolved in 2o cc . of 0.21.
^  , -1.24, /*£/>,-28. c

d w C l'" '3  t  ^  ■*' O ^  f- v* I* t i •'* ̂  i1 ’n fi O n J-"5 t  2_ O PI

s  s  £X X  h  c S .2. C H X c i t i  w c l  o n  *n, r  • ^ 1 ^ V j t ’ i i p  * ■ntr-? r u ' ^ s o i T b

— — v*̂nave /^Jp , -61.65. However, brucine would not dissolve 
in the C.2N notasslum hvdroxide and so no rotation was t aben

Action of Alcoholic ootassivm. hydroxide on 
the active brucine 9-aci-nitro-3-cenzoylTluorene. „ a_n 

alcoholic solution containing 6% potassium hydroxide dis­
solved brucine 9 - a c 1 - n 11 r o - 2 - c e n z oy lr lu o r e n e to give a 
scluwion whr cn u.L- y.i_xitt o. ct fo Oi:o l sji'c ro oy. t ion S.J. u-cr s.oovi'0 
thirty hours,

A sample of 0.73o8 grams of the brucine salt in 
25cc. of alcoholic potassium hydroxide in a two decemimeter 

tube at 25° gave the following rotation.
Time in hours Reading Aero reading /Wor1*Jo

0:00 5.55 3.50 -2.15 -55.02
5:25 5.85 5.50 -2.35 -71.06
4 :4o 6.00 3.50 -2.50 -75.6 0

25:55 5.20 3.50 -2.70
5.24 3.50 -2.74 -82.87

was calculated, on the basis of the amount of 
free brucine present.

A sample of 0.43S8 grains of brucine under the same 
conditions gave ^,-2.94, 1<?C]D } -83.54.
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Action or potassium acetate on brucine u-acl- 
n 11ro-1-bensoyIfluorene - In 10 cc. of anhydrous chloroform 
0,5b95 grams of the brucine salt was dissolved. this solu­
tion was then treated with 15 cc. of a saturated solution cf
vO " t  ' ^ S S   ̂TJU.il O  0  tS ^ v"’ n  "tVp l ” id y *  q *  •• 1 "A C  O  1'"1 S

solution gave the following readings in a two decimeter 
colarimeter tube at 25°.

LiiiP m  TiOWVS neaQinc Zero reading A

0:0C 5.20 5.50 -1.70
0:15 5*12 5*50 -lso2
1:15 5.06 3.50 -1.56

17:45 5.08 3.50 -1.58C . C - rr -i 1 -1 - T A -
<-/ # «L V< * ^

O  O  « it O  O • _L O w1 # O w  "• f O v

At seventeen hours cr;. stals be. .an t 
polar l-.eter tube. .it cue end of sin-five uoura the crystal: 
were filtered off dissolved in pyridine but t.iey gave ne 
rotation. Attempts were roads t o crystallize the potassium 
salt immediately, but they only crystallized on prolonged 
standing even at -10°, whicn indicates that the active salt

; r*. o 751-3 of the Potassium salt - danolec of
0.4oo7 and O.o4i7 gave a resia;
respectively, of potassium sulohate when treated with
sulphuric acid.

u. } , -i .. • T' 1 1 r>iZJ2 0';i2 wo-*~- * --y  *
pound: K, 11*05, 10.-96
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T:ie ^ neci ci a oar-urasel solution ci eoeas- 
acetate In n-butvl alcohol on brucine d-aei-nitro-2-

henaoyIflujrene - A sauple of 0.1121 of brucine 9-aci-nltro- 
2-bencoyIfluorene, dissolved in 25 cc, of a saturate 1 
solution of potassiusi acetate in anhydrous n-bu.tyl alcohol, 

off — iK  ̂ or- oi. * n a two hecineie^* tube * Ca 1cu 1 at c'"i 
on the basis cf the auount of brucine, this gave CoOlb ,
-3o .64. The sanple oi' 0.1121 grausof brucine 9-acl-nltro- 
2-bcntoyIfluorenc Is ecuIvalentto C.C323 grates of brucine.

addition of eitner ciiloroforan. or benzene to the 
solution ;rec I s it ate d oniv the oof as s ium acetate.

.on oi the act:.ve orucme

of 0.4755 graves of brucine 3-_aci-nitro-2-benzoylf1 
equivalent to C.2473 graces of brucine present, gave sue
following rotations at 24 
dissolved In 25 cc. of glacial acetic

nuns rfeaamv uero r>.oQ.-:
v ; u w 5.42 3 .55
^ IOC o »o 1 o *oo

2 2.: 4 c 5.51  ̂ h, nc

3 ar.iele of bruci ne o ao o oe
ac e 11 c 8.c 1 rl ■’ * n 'V tu t'i f* !v .'U s aL-.he c c ei
A]*, - 6.00.

u l
+0.11 +5.54
-C.09 +4.04
-0.03 4.04

.n 25 cc. of gla- 
gave Aj , -0.17,
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to. freoaration of nruelne 9-aci-nitro-2,7

zoylfluorene.

1. irrepai’ation of 2.7-dibenzoylfluorene - This 
compound was prepared from ccth 2-benzoyIfluorene and fluorene 
bp the use of Terrier‘s (37 ) moaillcat ion or the Friedel- 
Craft reaction.

Ire oaration from 2 - su-ovIf luor c• -e . - ro a
.t. 'w O tv • ~j  O u O m 11 .. 11_ f  i  i_ I i  -CC f ‘t  O tC •  ̂ tE tf tot — ''J hu_ttc.lL. Co y rw - c -m o j ,

chloride, cC prams(two equivalents ) cf aluminum chloride
'.YdS cXC.̂ i'Si-  ̂ 2 lo  '.V —̂  ̂̂  o q p  hna 'n ̂   ̂ n i' h1 t - " i *  o, * >ov» * -v-

The mixture pot warm and formed a dark brown solid mass,
rhis solid mass was heated over a soft flame until a uuif•.

hi-4*.; *
This was then cooled to room temperature ana 350 cc. of 
anhydrous carbon disulphide was added. The mixture was 
heated slowly over the steam bath, away from all flames, 
until all the solid dissolved. dhile the solution was heated 
over the steam bath, 3C prams(one equivalent) of ourifled 
2-bensoylfluorene was slowly added. ahere was no evolution 
of heat but rapid aao.it ion of 2-csnzcy If luorene caused 
toilin.: due to the rapid evolve ion of hydro :er: cnlcrids. The 
mixture was neated. on the steam oath for about ten minutes 
and the carbon disulphide was evaporated, leavinp a yummy 
orownisn-red mass. The mass solidified on cooliny to room 
smperature. To the solid mass was added 3GC cc. of waterh- tot
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mixed with 4C cc. oi concenrraced hyarcchloric aciu. This 
niixtur-.- was heated on t-ae s teau b a m  ui:ti 1 ti.e reaccaon was 
complete (Iiali an hour). The precipitate was filtered 
aiter ccclina to room temperature and recrystailised from 
500 cc. oi .;lacial acetic acid and 20 grans oi boneblac-k* 
dreamv-v;hit e i la Ices crvst-aliised out wiiicfi "siiso at iid-iyo3. 
yield 5=;b.

:'vis 3,bovc C23^tsoro cl r <3 &c 5 5 on v/ns triwd vcrth ono
s •*-* 4 v-> T3

nuni chloride, but only the startin'; material was isolated 
at the end of the reaction.

0 n  r;v> ,-j -j- ^n .•■brc ^ *. a ^ a ^ T vh ' p er. t  '! h o I ]  *\r

the sa:oe :narrisr as hi scussei abovs, three esuivaaents ch 
j cmc-M heo {ir. / cc # y v<ras a »• ^a w .mt./o cc«.<- v ai-o n >-■

-P 1 * ^01 i  T : ' '-V -o 1 {  ~*i i l . ’y  - - y > c J 'v~ o Of'';’;-"'- C ' i-' / ;■ r* . r ’ T  i-ir>

•£* rebellion. was retro i_'' ~vic?3s 7.3.3 5 c. ccolvc c' 5'̂  o 00 cc •
oi carbon disulphide and 55 prams oi f lucre ne (one e cuivalent } 
was added. the carbon aisulphide was evaporated and the 

ret hydrolysed in 15 00 cc. oi
>1 c
sine! ?6crrst3 5 j_i 21 o d. rfrom -500 cc ; of frX3.crl3.2_ B.cc0rLc s.cic. sue.
20 prams oi bone black* The ~ <=■ i - o,5 t oa - c~ °
The yield was 56 5.

To the mothe
obtained, water was added. 4 white product came cut which, 
was re crystalled iron 200 cc. oi alcohol. V.hibe crystals

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



wei'-e obtained melting at 119-120° after three recrystalli- 
z at ions. This product Is believed to be an isomeric benzoyl 
or dibenzoyl fluorene. Its presence accounts for the low 
yields obtained, by the use of fluorene as a starting material

2. Preparation of potassium S-ac1-nltro-2,7,-

dlb anzoy 1 ̂ luoreue . - 3y us in.g the apparatus described in 
section A, 1,(Preparation of potassium 9-acl-nltro-2-ben- 
zoy If luorene ) 7.2b grams of potassium In bC cc. of anhydrous 
ethyl alcohol was driven over by means of nitrogen into a 
mixture of 50 grams of 2,7-d:I bensoylfluorene and 17,o cc, 
of ethyl nitrate In 250 cc. of benzene. The first few drops
•**N •”"* ’ - % • ' . f-t .•» * • % 1- t  . . 1  . 4- .-V . ̂  J \ X . . w-. %.»✓-» —  -? —  - i- « . 'WW's U  —. < - . . V »  W .U i  K-i.il t ’ U i - . K . d t V y O  U C X U O b O  C / i  J.KJ Ks S 1.1/ P t  i i t t  \J K .  i  O  U> \J V  L U U  1 1

yellow, and then upon further addition, a orange precipitate 
begins to precipitate. ’.Then all the potassium ethylate has 
been added, a reddish-brown mass was formed in the flash.
This mixture was stirred constantly for about two hours and 
then it was allowed to stand over an atmosphere of nitrogen 
for about twenty-four hours. The reddish-brown mass was 
filtered, washed with benzene several times and dried in air. 
The final product was a crystalline powder. The yield was 
dob .

Ten .grams of the red salt was recrystallized 
alcohol. Flaky red crystals were obtained 

contained n-butyl alcohol of crystallization.
Analysis. Calcd. for C27Hlo0.iNK : K, 8.56

Calcd. for C27H ls04NK C£ia0H : A, 7.55 
Found2 K, 7.05, 7.06, 7,15, 5,9d

w hi.(J- 11
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Analysis of potassium e-aci-nitro-2,7, dibensoyl- 
fluorene which was not recrystallised from the butyl alcohol.

y~x _ ... -t v  n  rrc r> ■-> cox* UUIIU. I IV, O  « < O  , O  i O O

5, Brucine 9-acl-nltro-2.7-dibenzovlfluorene. - 
In 400 cc. oh boiling ethyl alcohol 5 grains of potassium 
9~aci-nltro-2.7-dibenzoyIfluorene was dissolved and filtered. 
to this was added 4.74 grams of brucine hydrochloride in 
100 cc. of alcohol. The final temperature was 30°. On 
cooling crystals began to come out at 50°, when the sides 
of the container were scratched. The solution before cry*— 
bG.Xiii3G.bXor fcoô c vls.cs v/gls cLs s 'd x*sci» Xt 'cpon.-o r̂v.An

crvst hj.s ’oSv?,.n bo op £ c .L o X v, s. a ̂ * L’l it* cr\ s 13.1s V;d*o 
filtered, triturated with water to remove she potassium 
chloride present, then washed wish a littre alcohol and cried
in air. Yield was 5 gra..s or 51/t.

•rt O a:udJ.O  x/u O • (J \j ~z. ■ u. to O i  i/x ib  -j  P  U.O a ^ ic  o i a i  t  _2ii

25 cc. of chloroform in a two decimeter tube at 24° gave
e{, , +1.13, l/^Jd f +66,92.
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- 87-

G . Preparation cl’ Fotassium 9-acl-nltro-2-nitrof luorene 
By the use of t ne apparatus as described in 

section (A,l) nitrofluorene was condensed with ethyl nitrate 
xn pir63ciic c oi pots.33 xnin c ̂ nv jL x v* c #

Potassium ethylate prepared from 2.78 prams or 
potassium and 20 cc. of anhydrous ethyl alcohol was added to 
a suspension of 15 prams of nitrofluorene in IOC cc. of dry 
cenxene and 5.9 cc. of ethyl nitrate. The first few drops 
of potassium ethylate turned the solution reddish, then 
about half of the potassium ethylate had been added the
*□ AW f t  S_ P-' -  -  Lj 01. A. f l  V.1 d / -h  I f  __ w  1 1  -fdl 1 — L>11  v? ^  O  L< i i .  C3 3  -L iX xtl O  c i.-L  L/ VJ C  ^  sfLi a t /  O  JX M

s t ‘i l X i Z 0  o u t  4 pijTzsx1 fi-X X fc lis  o c c r is s i  n-r; ^ 1300^ 

added, the salt was allowed to stand in an atmosphere of 
nr tr open i or o.oout twenty—zour nours, tnen ft was x altered, 
washed with benzene and dried in air. a yield of 67% was 
cot ained.

The salt was dark brown and slightly soluole in 
water. The water solution of the salt pave a pale yellow 
ac 1-f or or when treated with dilute hycir cchlor ic acid. do 
analysis were obtained that pave consistent results because 
the c onnound v/as exolosive.

Samples of 0.2280, 0.1315, 0.1430 yielded 0.1150, 
0.0895 and 0.05 55 grams of potassium sulphate when charred 
with sulphuric acid.

Calcd, for G13H 7h2O^K : K, 15.29
Found: K, 22.84, 22.13, 20.56
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-38-
Analysis seemed to indicate that a molecule of 

potassium ethylate was associated with the potassium salt.
Calcd. CiaH 7N2 04K*C2H6 0K. : h, 20.57

D. Preparation of Potassium 5-aui-nitro-2-bensoyl-7-

nitro^Ino7 0^6 «

Potass lum h-ac. i-r.i tro —2-be nz oyI-7-nitrof luorene 
was prepared by the co ndt ns at ion of 2 -b e nzc y 1- 7 -ni t r of lucre ne 
with ethyl nitrate in presence of potassium ethylate as 
described for the preparation of potassium 9-aci-»nitro-2- 
niorofluorenes It also was dark brown and enplosive although, 

suite as unstable as potassium d-aci-nitro-2 -nitrofluoreneno
S~ ■* » — —  T  J* -i-v -"\ • —> .-n -y-y ) -f1 -5~ /*vri? O  i"-1. '■y' r  ” d  ^1 w t vlO D 1 hLhi O h' i 12. O  } O n'CJ. J.. V*. -.A w  w  w— w W_

potassium and 2 d cc» of anhydrous ethyl alcohol in benzene, 
was condensed with 2d grass of 2-bonzcyl-7-nitrofluorene and 
8.3 cc. of ethyl nitrate in 150 cc. of dry benzene. The 
sale was slightly soluble In water. The yield of the dark 
brown precipitate was 63y. The acuecus solution of the salt 
with dilute hydrochloric acid yielded a oale-yeliow acl-fcrm.

iamoles of 0.-3583 grans and C.3533 grass - * o  V
9

respectively 0.0897 and G.Q808 grans of potassium sulphate 
when charred with sulphuric acid.

Calcd. for CSoH13L0sIsTsK i K, 9.32
Found: X, 10.91, 10.79
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