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I

HISTORICAL DEVELOPMENT

A. Fluorene-monocarboxylic Acids

l. The fluorene carboxylic acids have been known since 1878 when
x‘bhye first one, fluorenone-l-carboxylic acid, wes prepared by Fittig and

| Gebhard (1 ), by the oxidation of fluoranthene with chromic acid.

Sho iy

This method has been used with various modifications until in 1935,

;{Fyiy.éser and Seligman (2 ) obtained a yield of approximately fifty per cent
f‘ai“‘~fluorenone-l-carboxylic acide Mayer and Freiteg (3 ) prepared fluor-
enone-l-carboxylic acid in the fol 1d§ving manner which aithough imprac=-

tical for preparative purposes is of considerable theoretioal importance

in proving its structure.

CH3 H3 CO0H
CH3 CHg COOH
Cu KMnoO
J1 1 — —4
9
: C
HaSO CO0H

—204
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2. Fluorene~l~-carboxylic acid was prepared in an eighty-four per

cent yield from fluorenone-l-carboxylic s.cid, by Fieser and Seligman (2 ),

using sodium amalgem as a reducing agent.

H H
(? COOH o/ CcOOH

' , Ne (Hg) - ) l ,

3. In 1904, Fortner (4 ) first prepared fluorene-2-carboxylic acid.

~This was accomplished by the hydrolysis of 2-cyanofluorene, which was

~obtained from 2-aminofluorene by the Sandmeyer reaction.

Hy Hoy

¢

- 00

Y
“a
3
(o)
&=

4., He oxidized the fluorene-2-carboxylic acid with chromic acid to

: fluorenone-_%—carboxyl ic acide ( 2)
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This latter acid was first reported by Bamberger and Hooker (5 )
who obtained it by heating 1,7-dicarboxy1ic acid, prepered by the oxida-

tion of retenequinone.

CHg
=0 < \ COOH
KMHOAL L C=0
=0 alkaline . _ -
C
8/ \(CHg),
<§>COOH < >
chrZOZ C:-.O haat c=0
COCH COOH

Dziewonski and Schnayder (6 ), however, have prepared fluorenone=2-
carboxylic acid by & more convenient method; i. e. the oxidation of
Z-fluowlﬁethylketone which they prepared by the action of acetyl chloride
on fluorene in the presence of aluminum chloride. The yield of

- fluorenone-2-carboxylic acid was very low.
i Rieveschl (7 ) prepared this acid from 2-acetylfluorene which he
obtained in a queantitative yield by using acetic anhydride, instead of

‘ks.cotyl chloride, a slight excess of crude fluorene and a higher tempera-
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ture than did Dziewonski and Schnayder. By using this method,‘Rieveschl
was able to prepare the fluorenéne-z-carﬁoxylic acid in an over=-all
yield of from fifty-eight per cent to sixty~two per cents This is a very
,gdod yield when one considers that crude fluorene is used and that two

steps are involved in the synthesise. Furthermore the reagents are cheap

and the reaction can be carried out in large quantities.

Q)= (1=

- 5+ Fluorenone-3-carboxylic acid was prepared in 1921 by Sieglite

and Schatzkes (8 ) by heating 2,3'=~diphenic acid with sulfuric acid,

9 .

COOH COOH C

These investigators proved the structure by comparing it with fluorenone-
'ﬁv;$~oarboxylic acid obtained by ’che’ oxidation of 3-methylfluorenone with
potassium permangenates The acid was a yellow orystalline substance.
‘melting at 285°.

6. Fluorcne-é-oarboxylie acid has not as yet been reported in the

; li_’ﬁsrature.
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7. Fluorenone-4-carboxylic acid, crystallizing in yellow needles

and melting at 2279, was prepared by the reaction of various reagents

upon diphenic acid or diphenic anhydride. Graebe and Aubin ( 9);

Stobbe and Seydel (10); and Bischoff and Adkins (11 ) found that cycli-
zation occurred very rapidly with concentrated sulfuric acids Underwood
and Kochmann (12 ) heated diphenic acid with stannic or zine chloride f.or
seven hours, while Pick (13) and Gotz (14 ) used aluminum chloride in
benzene or toluene solution to obtain ring closure. Moore eand Huntress as5)
adopted Graebe and Aubin's procedure and reported an eighty~-six per cent |
yield of the acide Rieveschl (7 ) found that by careful regulation of
~the conditions of the reaction an.d by using certain precautions in isoe
 1Ating the acid, he obtained a yield of pure fluorenone-4-carboxylic acid

.of ninety-six per cent.

COOH

Y

COOH ‘ 0CH

8¢ Fluorene-4-carboxylic acid was prepared by Bachmann and Sheehan (16)
by the reduction of f‘luorenol-4-oarboxylic acid with iodine and red phos-
- phorus. On recrystallization from benzene, fine colorless needles melting

at 191° - 191.8° were obtained. Graebe and Aubin (17) reduced the acid
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chloride of 9,9~dichloro-4=fluorenecarboxylic acid resulting in a com=
pound melting at 175° which they considered to be fluorene-4-carboxylic
acide The methyl ester of the fluorene-4-carboxylic acid of Bachmann

and Sheshan melted at 63.5° - 64.5° while that of Graebe and Aubin melted

at 6400

H
‘ i \ H\ ,H

C

| - O

cj.g \ / ~ CocH

C | :] 6
CoCl

9. Bachmann and Sheehan (16), using powdered zinc and sodium hy-

OH
\C/

~droxide as reducing agents, obtained fluorenol-4-carboxylie acid from

~fluorenone-4-carboxylic acid. After several recrystallizations from

benzene, this acid melted at 202° - 203°,

Cz? H\c o:t
e ‘ Zn - |
, C 00H  CoOH

10. Delacre (18) by means of the Friedel-Craft reaction obtained

""flubrene-g-carbosgrlic acid from ethyl trichloracetate and benzene.
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H COOH
A

0
P
2 / cC 13-0-002H5. A.lCl5

Vorlander (19) condensed benzoyl cyanide with benzene in the
presence of aluminum chloride, obtaining 9-cyasnofluorene, which on

| hydrolysis gave fluorene-9-carboxylic acid.

H /COOH

e (O (I

Several years later he and Pritzche (20) prepared flﬁorene-Q-carboxylic

acid directly by using benzilic acid in place of benzoyl cyanide.

¢ 00H
G

The most direct method for the preparation of fluoréne-guoarboxylic

¢ ,CO0H

-acid, however, is that of Schlenk and Bergman (21), by the reaction between
,9~'56diumfluorene and carbon dioxide. The sodiumfluorene was prepared by

treating fluorene with the sodium derivative of triphenylmethane.
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— 00

COOH

e (1)

These authors reported two forms of the acid, the oL ~form melting at 222°

~and the /4 =form melting at 232°, Kliegl (22) repeated their work and

obtained one compound melting at 221° - 223° with slight evolution of gas.

Be Fluorene-dicarboxylic Acids

l. Of the dicarboxylic acids of fluorene, the first to be prepared

was fluorenone-l, 7-dicarboxylic acide This was prepared in 1885 by Bam-

berger and Hooker (5 ) by the oxidation of retenequinone:

CH, .
-0 - < >oodE - Mcoow
Kin 04 — r—~\“
=0 alkaline . :C‘O [r——— C=0
; COOH
c A
/ NeHy), on” “(CHz)p
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2. Von Braun, Manz, and Kratz (23 ) on the oxidation of fluoranthene-
9=carboxylic acid with chromic ecid found a mixture of fluox‘anone-_l_, 6~ and

_=1,7-dicarboxylic acids.

However, if the fluoranthene nucleus were first partially reduced and

{Vr; then oxidized, fluorenone-l,6~dicarboxylic acid alone was obtained.

C OCH

HOOCHoCH2C

3. Fluoranthene-3-carboxylic acid was oxidized to fluorenone-l,2-
- dicarboxylic acid, which readily formed an ‘a.nhydride melting at 318° -
.320°. This same acid was prepared by Charrier and Ghigi ( 29 by the
_aotion of concentrated sulfuric acid on biphenyl-2,3,4=tricarboxylic
f’aéid. Their acid melted st 330° and the anhydride at 315° - 520°. Heat

oaused the loss of carbon dioxide to give fluorenone-2-carboxylic acide.
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10

4. Fluorenone-l,5-dicarboxylic acid was prepared similarly, using

biphenyl=2,3,2'=tricarboxylic acid.

COGH COH

cOH

HoS 04

HOOC HOOG,

Boiling with quinoline and copper powder caused the removal of the car-
boxyl group in the 5=-position, leaving fluorenone-~l=-carboxylic acid,.

5. Fluorene I-S-dlcarboxyllc acld has never been reported; however,

vﬁGhigi (25) prepared 3,4-dimethylfluorene-l,5-dicarboxylic acid by heating
»2,S-dimethyldlphenyl-s,2'-dlcarboxylic-e-glyoxalic acid with concentrated

~gulfuric acide.

COo0H g CO0H

HpS0, - [ '
OCH heat CHg

00H

HaC
CHg
6. Fluorenone=2,7-dicarboxylic acid was first obtained by Dziewonski

and Schnayder (26) from the oxidation of 2,7-diacetylfluorene. Their
_yield was very low. Rindsberg (27) modified the method of Dziewonski

~@and Schnayder by using only a slight excess of acetyl chloride in the
preparation of the diacetyl derivative and by performing the oxidation

with a strong solution of anhydrous sodium dichromate in acetic acid.
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mg Hf&oCm o, HOOCCQ/ < oo

7. Sheldrick and Wyler (28 have secured a British patent on &

method for prepafing fluorene-2 ?Z-dicarboxylic acide N=-alkylen-phenyl-
é.mides of fluorene-Z2-mono~- and «2,7-dicarboxylic acids were prepared by’
treating fluorene with alkylphenylcarbamyl haelides in the presence of
a_},uﬁinum chloride. Fluorene-2-mono~ and ;2,7‘-dica1‘boxylic acids were
.then prepared by hydrolyzing the above products with either aqueous
’v:sv‘ﬁlfuric acid or alcoholic potassium hydroxide.

8+ Dziewonski and Kleszcz (29) have prepared 2,3-diacetylfluorene

but up to the present time this has not been oxidized to fluorenone-2,3-

dicarboxylic acid.

~:Co Dichlorofluorenonecarboxylic Acids

l. Huntress, Cliff, and Atkinson (30) investigated the action of
'conaéntra.ted sulfuric acid on 3,3'~dichloro=diphenic acide At 125° the

expected 1,6-dichlorofluorenone-5-carboxylic acid was obtained, but when

‘the temperature was raised to 170° & dichlorofluorenone-carboxylic acid
ﬁﬁm.s .obtained which was different from 1,6-diohlorofluorenone-5-carboxylic
ﬁcid. In other words, two isomeric monobasic acids were obtained at

different temperatures. They termed the isomer formed at 170° "Acid X".
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2. Three years later Huntress and Atkinson (31) were able to

establish the constitution of "Acid X" as that of 1,6-dichlorofluorenone=-

- 4-carboxylic acids The acid proved to Dbe identical with thet obtained by

the action of concentrated sulfuric acid on 5,5'~dichlorediphenic acid,

- On attempting to decarboxylate 1,6-dichlorofluorenone-4-cerboxylic acid

Ccl
HOOC ¢ >
C1 “o=0
¢ Mol
COH ' C

N\,
: =0 .

S

ﬂooc<' >m

by heating in sulfuric acid it also was noted By these authors that 3,6-

dichlorofluorenone was formed. This emphasizes the danger in the use of

Olcé:j . C‘CLSL/)I

high temperatures in the synthesis of fluorenones.
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~ Ds Nitrofluorene-carboxylic Acids

l. Rose (32) nitrated fluorene-9=-carboxylic acid. He obtained

2-nitrofluorene~9-carboxylic acid, 2,7-dinitrofluorene-9-carboxylic acid,

.and g-nitro-z-sulfofluorene-g-carboxylic acide.

N | R SOE

CLU ‘ VAV N,

('/COOH

Q0

2 2=Nitrofluorene-l-carboxylic acid was prepared by von Braun and

Y

‘Manz (33) by the oxidation of 4-nitrofluoranthene with chromic anhydride.

The'purified acid was in the form of yellow needles melting at 223° - 225°,

CL%% e OO0
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3. Bell and Briggs (34) attempted to prepare 2,7-dinitrofluorenone-

4-carboxylic acid by heating 4,4'-dinitrodiphenic anhydride with aluminum

chloride but after decomposition of the reaction mass with hydrochloric
acid the only isolable product was 4,4'-dinitrodiphenic acid.
4, Bell and Robinson (35) treated S-nitrodiphenic acid with sulfuric

acid and probably obtained 6-nitrofluorenone-4-carboxylic acid which

melted at 282° after recrystallization from acetic anhydride. These same

HOGJ< >
COCH
[ o

I‘I?S{)éL

:

. COOH . | .

OpN Q
| NOp

investigators nitrated 5-nitrofluorenone-4~carboxylic acide The resultant
product on crystellizing from aqueous alcohol formed glistening, pale

yellow pletes, melting at 254° - 255° which they believed to be 2,5,7-

trinitrofluorenone-4~carboxylic acid, but no proof was given.

j .,
Q="

CO0H

be The nitration of fluorenone~4=-carboxylic acid resulted in approx-

imately equal amounts of Z-ni‘brofluorenone-_g-carboxylic acid and 5-nitro-

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



- fluorenone-4-carboxylic acid ( 3§. The 7-nitrofluorenone~4-carboxylic

acid which melted at 262° - 262.5° was identified by comparing it with
a sample of the same acid made by the condensa.tion.of 4-nitrodiphenic
‘acid with concentrated sulfuric acids In e similar manner the 5S=nitro-
 fluorenone-4-carboxylic acid, melting at 238° - 2399, was compered with

& sample made by condensing 6e-nitrodiphenic acid with sulfuric acid.

OpN ¢ o A
g
oo

o

COCH NOy COOH

E. Derivatives of 7-Nitrofluorenone-4-carboxylic Acid (1)

1. The acid chloride of 7-nitrofluorenone~4-carboxylic acid (II)

was prepared in almost quantitative yleld by refluxing the acid with
phosphorus pentachloride using toluene as a solvent. The pure acid
»,_'chloride was crystallized from anhydrous benzene in the form of fine,

yellow needles melting at 203.5° - 204°,
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2. _‘_T_-Nitrofluorenone—é—carboicylic Acid Amide (III)s On treating a

“suspension of 7-nitrofluorenone-4-carboxylic acid chloride in benzene
with e stream of dry ammonia gas, the amide of 7-nitrofluorenone-4-car-
- boxylic acid was formed. This crystallized from glacial acetic acid in
'Eriyght yellow microscopic needles melting at 263.5° - 264°,

3+ 7-Nitro-4-asminofluorenone v). Difficulties which caused very

‘low yields were encountered in the form of troublesome by-products when

_an attempt was made to convert the amide of 7—nitrofluorenone-4-cﬁrboxy1ic
“acid to 7-nitro-4-amino-fluorenone by means of the Hofmann reaction. The
nitroaminoketone recrystallized from pyridine in the form of deep scarlet
. micro needles melting at 293°.

4, T7-Nitro-4-ascetylaminofluorenone (V). The monoacetyl derivative

. of Te-nitro-4-aminofluorenone proved interesting in that the color changed
from deep scarlet micro needles for the amine to brilliant yellow
_spangles for the acetyl derivative. This compound on recrystallization
from a solution of glacial acetic acid and acetic anhydride melted at 307°

- 308° (36).
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II

FROCEDURE AND DISCUSSION

Aes Introduction

It will thus be seen that 7-nitrofluorenone-2-carboxylic acid is
~unknown. From the known orientation of the fluorene molecule it seemed
;probable that the direct nitration of fluorenone-2-carboxylic acid would

~result in substitution in the 7-position. Francis (37) in 1941, using

two moles of sodium nitrate to each mole of fluorenone-2e-carboxylic
acid in a concentrated sulfuric acid solution obtained & yellow product
‘which melted above 300° . It was the purpose of this investigation to

determine the position of the nitro groupe

!

4
\u COOH 0N E—] COCH

After many attempts, he finally obtained the acid chloride by fusing
his nitrofluorenone=2-carboxylic acid with phosphorus pentachloride end
distilling off the phosphorusoxychloride and excess phosphorus penta=-

“chloride under reduced pressure.

B Attempted Decarboxylation of Nitrofluorenonefgfcarboxylic Acid

The most logical course to pursue in order to determine the posi-

tion of the nitro group would be to attempt to decarboxylate the nitro-
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"‘f,;;f‘lu'orenone-2~oarboxylic acid. The decarboxylated product should be

2-nitrofluorenone (the 2~ and 7-positions are identical) which is well=

0ol COOH OaN \

knomn end could be easily identified. All atte'mpts at decarboxylation
led to decomposition products end in some cases actual explosions, If
- there were but one nitvro group present, the explosion would be diffi-
;.‘,ﬁéult to explain, (Later our nitrofluorenone-z-darbOXylic acid was shown
‘to be a complex consisting of one mole mononitro- and one mole dinitro=

fluorenone-2~carboxylic acid,)

C. Abtempts to Prepare 7-Nitro-2-benzoylfluorenone

Since decarboxylation failed, an attempt to prove the position of

~ the nitro group by prepering a derivative of the scid with a known com-
pownd was made. Dziewonski (38) had prepared 7-nitro=-2-benzoylfluorenone.
We had the acid chloride of our nitrofluorenone-2-carboxylic ecid, which,

~if it would react with benzene by the Friedel-Craft reaction should give

& nitro-z-benzoylfluorenone that could then be compared with en eauthentic

e m;%”(j( )

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



20

semple of the 7-nitro-Z~benzoylfluorenone of Dziewonski. A number of
-attempts using various Friedel-Craft catalysts resulted in the recovery

of unreacted acid chloride of nitrofluorenone-~2=carboxylic acid.

De Preparation of 7-Nitrofluorenone-2-carboxylic Acid

It was then decided to synthesize 7-nitrof1uorenone-2-carb6xylic
acid (VII) from fluorene (I) by the following series of reactions, ‘a(.nd ,

.cgmp,are this compound with our nitrofluorenone-Z-carboxylic acid.

A N A
00— OO0

(1) (11) (111)

e ozwcé\/)mz o C@O N‘i‘z

(1V)

' N ! ox 0N G ocH
— O — 00

(v1) (VII)
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We first prepared 2-nitrofluorene (II) from fluorene by the

-method given in Organic Synthesis (39). 2,7-Dinitrofluorene (III) was

then bprepared from 2-nitrofluorene by the method of Francis (37). The
~literature gives three different melting points for 2,7-dihitrofluorene:
’};Jo,rgan and Thomeson (40) give the melting point as vigorous decomposition
s.t ,26;9°; Anentekrishnan and Hughes (41) state that their compound melted
;i'wit:h vigorous decomposition at 295° - 300°; and Courtot (42 ) obtained a
melting point of 334° after he had recrystallized his compound from

f: rﬁ‘iﬁrobenzene. Each time we prepared 2,7—dinitrof1uoréne, our. product
consistently melted at 269° in agreement with the melting point given

by \Mo»rgan and Thomason. Repeated recrystallizations from acetic enhydride
ofa small sample, however, gave long, almost colorless, glistening
':’fﬁ:éedles melting sharply at 299°., This melting point is in agreement with
thet given by Anantakrishnan and Hughes (41).

Crude 2,7-dinitrofluorene was oxidized to 2,7~-dinitrofluorencne (IV)
with .sodium dichromate, using a mixture of glacial acetic acid and acetiec
;e‘nnh.‘ydride as a solvent, The product melted over a range 240° - 270°
which was not in accordance with the melting point given by Anantakrish-
nan and Hughes '(41). By fractional extraction we succeeded in separating

our supposed 2,7=dinitrofluorencne into almost equé.l parts of 2 ,5-dinit.ro- :
‘ffluorenone melting at 239° and 2,7-dinitrofluorenone melting at 293°,
When, however, our crude 2, 7-dinitrofluorenone was completely dissolved
:Ln glacial acetic acid, the erystalline product which precipitated on
:0‘“09111’1&‘ melted at 268°% From this it is evident that the separation of
“the 2,5- and 2,7-dinitro-isomers can best be accomplished by fractional

extractione.
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The reduction of the pure 2,7-dinitrofluorenone to Z-ahino-?-
nitrofluorenone (V) with ammonium sulfide resulted after two recrystal-
lizations from monochlorbenzene in beautiful glistening black needles
which melted at 281% 282°, Eckert and Langecker (43) report a melting
::“point of about 279° for 2-amino-7-nitrofluorenones.

- 2=Amino=-7-nitrofluorenone was converted to the nitrile by the
_S‘a.ndmeyer reaction. It was difficult to extract the 2-cyano=-7-nitro-
‘Jflimrenone from the reaction mixture. The final sublimation product
was orange needles melting at 245° - 2479,

2=Cyano=-7=nitrofluorenone (V1) was refluxed with a s-olution of -
.vvfiwa per cent pétassium hydroxide in which the nitrile gradually dis-
Lisolved, giving a red solution. The evolution of ammonia showed that
‘fhydro]v.ysis was taking ‘place. The refluxing continued for thirty-four
hourse The 7-nitrofluorenone-2-carboxylic acid (Vi1) was precipitated
from the alkaline solution with hydrochloric acid, and on sublimation

: gave en orange product melting at 210° - 213°%

E. Pregaration of E-Amino—l-nitrofluorenone

This indicated that 7-nitrofluorenone-2-carboxylic acid which
melted at 210° - 213° was not the same compound as our nitrofluorenone=-
- 2=carboxylic acid which melted above 300°. As a further éheck, however,
we decided to convert the amide of our nitrofluorenone-2-carboxylic acid
.to the amine by the Hofmann reaction and compare our resultant prbduct

with an authentic sample of 2-amino-7-nitrofluorencne.
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The amide of nitrofluorenone-2-carboxylic acid was prepared by
al}lcwing dry ammonia gas to bubble into a solution of the acid chloride
of nitrofluorenone=2<carboxylic acide The amide on recrystallization
from xylene melted at 322° - 324°, An analysis showed that this was a
~§6mplex composed of equimolar amounts of the amide of nitro~ and dinitro-
“'fiuorenone-z-carboxylic acide We hoped, however, that the Hofmanmn feao-
“tion would separate the complex into its components, but this did not

hé.p?en, since the amine formed by the reaction, which meltéd sharply at
1321°, analyzed for a complex of equimolar amounts of aminofluorenone and
amino-nitrofluorenone, This is further proof that the nitro group of
~the nitrofluorenone-2-carboxylic acid prepared by the direct nitration
~of fluorenone=-2-carboxylie acid’is not in the 7-position as was origine
»;al'ly’ supposed, because the melting point of an authentic sample of 2=
amino=7-nitrofluorenone melts at 281° while the one made by the Hofmann
reaction melts at 321 , and, too, the analysis of ﬁhe amine made by the

Hofmamn resction does not check with the theoretical analysis,

F. Preparation of (_)=-Chlorofluorenone

As the nitrofluorenone=-2-carboxylic acid was not 7-nitrofluore-
nbne-?.-ca.rboxylic acid as we had supposed, we attempted to find out,
if possible, the position of the nitro group by other means. This we

_pfoposed doing by reducing the nitro group of our acid and replacing

“the resultant amino group with a chlorine atom by the Sandmeyer reaction.
The 1-, 2~, and 3=-chlorofluorenones are known. The chlorofluorenone

prepared from our acid, if the analysis checked with the theoretical,
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--.eould be compared with authentic samples of the three known chloro-
'fluorenones. If it were not identical with one of the three known
compownds, it would then be 4-chlorofluorenone.

| Our crude nitrofluorenone-2-~carboxylic acid was reduced with
[é.nmonium sulfide. A red erystalline product which gave positive tests
'f"_i‘or,; en amine and an acid but which did not melt, resulted. A nitrogen
~;§nalysis‘showed this to be a mixtﬁre of an eminofluorenone-2-carboxylic
aeid end an amino-nitroflucrenone-2-carboxylic acid. As this mixture
“‘6clvul<ki not be separated the chloro derivative was prepared by the Sand-
meyer reaction. On sublimation this gave beautiful pale yellow needles
‘;,,(Whivoh melted at 296°, and was easily decarboxylated to a chlorofluorenone
hy adding copﬁer carbonate to the fused acid. The dec;arboxylated

k pto@uct after two sublimetions under reduced pressure melted at 146° -

147,5°, The cerbon snalysis of both these chloro-products indicated
_thet they were complexes of eciuimole.r chloro~ and a chloro-nitro-
fluorénone-z-earboxylic acid and chloro= and a chloro-nitrofluorenone
res éecﬁ ively.

‘ The bromofluorenone-Z-carboxylic acid was prepared in a manner

similar to that by which the chlorofluorenone-2~carboxylic acid was
prepared. A product consisting of pale yellow needles melting at 310°
resulted. This was easily decarboxylated, giving a product melting at
"x‘~g].65°. The yields of both these products were too smell to permit

."fa‘v.ﬁa,,lys'es to be made.
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G. Complex Compounds in the Fluorene Series

" All of our enalyses indiceted that the derivatives of our nitrated
~ fluorenone-2-carboxylic acid were complexes consisting of equimolar
s.m.ounts of a mononitro- and a dinitro-compound, This phenomenon wes
,a;tv,first difficult to understand. A search of the literature, however,
véh’o‘wed that e number of instances occur where two different fluorens
3 :é,évrivatives form a complex made up of equimolar amounts of the two
1;wﬁi¢h are difficult to separabe.
| In 1883, Hodgkinson snd Matthews (44) re?orted the preparation
of a dichlorofluorene melting at 128°, Sieglitz end Schatzkes (45) in
1921, found, on conversion to the dichlorofluorenone, that two compounds
il}zxqiting at 168° and 182° were obtained., This was confirmed by Courtot (46)
,v‘in,igso, who at that time succeeded in separating this supposed dichloro-
’fluorene in;o e monochlorofluorene and a dichlorofluorene by nitrating
the complex, The monochlorofluorene was nitrated while the dichloro-
fluorene remained unchanged.

Gomberg and Bachmann (47) found on reducing fluorenocne, that

e fluorenopinaool forms a molecular complex with fluorenone, When a mix-
ture of colorless pinacol and yellow ketone was dissolved in a small
amount of hot alcohol and the solution allowed to cool, large tan-colored
:,crystals of the double compound crystallized from the solution, melting
g,:ib,a.b 1230-1240. By treating the complex wi‘&h sulfuric acid, the pinacol
part of the complex waes transformed to the pinacolone, the fluorenone

remained unchanged by this procedure. The fluorenone was easily separ-
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ated from the rather insoluble pinacolone by means of hot slcohol. The
complex was thus found to contain one molecule of pinacol to one molecule
of fluorenonee

 ' Béchmann (48) remcted fluorenone with excess sodium which was
hydrolyzed af'ter thirteen days of shaking. When the crude product was
:reéiystallized ffom alcohol . two kinds of crystals were obtained; one
msf‘the Jnown pinacol, the other was unknown and melted at 161% This
1a£ter compound was found to be & complex produced by combinatidn of
fluorenol and fluéreﬁopinacél, The proportions of each constituent in
the complex were determined by treating the compound with a solution
qfksodium.ethylate;.under these conditions the pinacol was converted
{to a mixture of fluorenone and fluorenole The mixture of ketone and
,hydrbl was separated by recrystallization from benzeme, from which the
fluorenoi crystallizes with benzene of crystallization. Thevweights of
ffluorenone and fluorenol obtained by this method indicated that the
.complex consists of one mole of pinacol to one mole of fluorenocl. This
~fesult was confirmed by recrystallizing mixtures of different propor-
,tiﬁns of pinacol and fluorenocl from benzene. From the mixture of two
pafts(by weight (one mole) of pinacol to one part (one mole) of fluorenol,
‘only the complex melting at 151° was obtained; the other proportions gave
,mixtures of the complex and one of the components.
'Schlenk and Herzenstein (49) formed a oomplex between fluoremone
;nd*biphenylfluorenylcarbinol which crystallized from ligroin in beauti-
ful; light yellow crystals melting at 123°, This complex also was very

difficult to separate into its components. These investigators were

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



27

‘ibmvable to determine the constitution of their complex because the enalysis
Talone gave insufficient data to permit the elucidation of the structure.
Then, too, we succeeded in separating our sﬁpposed 2,7=dinitro=-

- fluorenone made from the 2,7-dinitrofluorene melting at 269° in agreement

with the melting point reported for 2,7-dinitrofluorene by Morgan end
‘T’homason (40) into equimolar amounts of 2,7- and 2,5-dinitrofluorencne,
‘which proves that the supposed 2,7-dinitrofluorene reported by Morgan

aﬁd,ﬂl’homason is a complex of 2,5« and 2,7=-dinitrofluorene.
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III

EXPERIMENTAL

A. Purification of Fluorene

Iwo hundred grams of orude fluorene with 500 cce glaoiai acetic
‘aoid and 30 ge charcoal (Darco) were boiled for 30 minutes undér reflux

in & liter, round bottom flaske. This was then filtered through a hot

{vﬁrai,;er fumnel into a liter erlenmeyer flask. It was allowed to stand for
an hour and was then filterede It was washed with two 100 cc. portions
-of alecohole The yield was 150 ge The purified fluorene was white

_erystals melting at 113°.

B Preparation of 2-Acetylfluorene

Eighty grams (0.48 mole) fluorene was placed in a three-neck,
one~liter, round bottom flask equipped with e dropping funnel, mercury-
ééa.led mechanical stirrer, snd a reflux condenser comected to a hydro-
gen chloride trap. The fluorene was dissolved with stirring in 350 cc.

~dry carbon disulfidee To this solution was added 113 ge (0.85 mole)

pure aluminum chloride and the mixture was stirred thoroughly until

it became homogeneous. A dark red color developede In the dropping
fuﬁnel was placed 37.8 cc. (0.4l mole) pure, redistilled acetic anhydride.
About 1 cce of this was added drop by drop, until the reaction started.
,‘The"further é.ddition of acetic anhydride was adjusted to such a rate that
,"it'}:ze heat of reaction kept the carbon disulfide in gentle reflux. The
addition required about 50 minutes. After the addition of about half

the acetic anhydride a heavy precipitate of the addition product formed
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which made stirring very difficult; however, stirring and refluxing on
& water bath was continued for one houre The heavy ﬁark green mass was
.,fi'l:tered on a lérge Buchner funnel a:ad‘sucked as dry as possible. The
product was removed from the funnel, placedvin a beaker, bjust covered |
with carbon disulfide, stirred mechanically for 10 minutes and filtered
gaggin. The residue wes then washed twice with 80 cc. portions of carbon
{faiéulfide. After all the carbon disulfide had been removed the addition
}yg'iér’odug_t was hydrolyzed by adding it in portions to a stirred mixture of
800 éc. water and 30 cc. concentrated hydrochloric acid. Each portion
was allowed to hydrolyze before adding more. The crude Z;acetylfluorene
was filtered and washed several times with water. It weighed 108 g. and
1§§éited between 110° - 115°, The impure tan compound was purified by re-
;é-rzyvstallizing twice from aleohol, using Darco to remove the color. The
.’,melting point then was 132° which is the same as that given in the liter-

ature (50).

' Co Preparation of Fluorenone-2-carboxylic Acid

The entire yield of 2~-acetylfluorene (108 g.) was placed in a
; S-—li*ber round bottom flask equipped with a reflux condenéer, a mechanical
:étirrer, and a cylinder to facilitate the addition of dichromate. Then
<650 -cce glacial acetic acid was added and the acetylfluorene dissolved
t}';rv{i;th heatinge. Four hundred fifty grains comaercial sodium dichromate,
ground to a coarse powder, was added in small portions to the hot acetic
,:ﬂ;aic-:f,,id.solution of 2-acetylfluorene. The reaction was very vigorous at

first which indicated the oxidation of the methylene group, but it soon
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ﬁodérated and the dichromate was then added at a faster rate, requiring
-about 45 minutes for complete addition. A dropping funnel was then

- fitted in the glass cylinder and 200 cc. acetic anhydride was dropped

in over the course of 90 minutes , refluxing being continued all the while.
~The mixture was refluxed for 6 hours more. The hot contents of the flask
i,ﬁére poured into about 2% gallons of hot water contained in a 4=~gallon
croék, stirred for 15 minutes and was filtered on a large Buchner funnel,
“All the chromiunm salts were washed out with water containing a little
sulfuric acid, to prevent hydrolysis. The wet filter cake, including

the paper, was transferred to a beeker containing 700 cc. of a five per
.cent solution of potassium hyd\roxide. The mixture was stirred mechan-
i,z\v.ivcsa.‘lly, heated to 80° and filtered hot. The alkali insoluble material
_we.s washed with & little hot dilute potassium hydroxide. The filtrate
,ﬁas placed in a besker, stirred with 15 g Darco for 20 minutes and again
filtered and refiltered to remove all the carbon. The solution of the
potassium salt was heated with vigorous stirring to 70° and hydrochloric
~mcid (111) was added drop by drop from a dropping funnel. The fluorenone-
"2-‘oarboxylic acid was thrown down as a thick yellow masse. A slight excess
~,‘of hydrochloric acid was added and the precipitate allowed to digest for
10 minutes with stirringe The acid was fiitered hot and all the potassium
‘chloride removed by several washings with hot water. After the acid was
vfsucked as dry as possible it was dried in an oven at 150°. It was a
:“szight yellow and weighed 32 ge It was recrystallized from acetic anhy-
dri’de and melted with partial sublimation at 339° - 341° (copper block),

which is the same melting point as that given in the literature (50).
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De Preparation of Nitrofluorenone-zZ-carboxylic Acid

Nitrofluorenone~2-carboxylic acid was prepared by the method of
Francis (37)s In a 400 cc. beaker, equipped with a mechanical stirrer
anda. thermometer, wes placed 20 go (0.089 mole) fluorenone-2-carboxylic
acid and 16 g. (0.188 mole) powdered sodium nitrate. To this was added
IOOcc. concentrated sulfuric acid, with stirringe The stirred mixture
tms heated on a sand bath to 54° at wl;ich temperature the solid materials

5géi§§dlved. Heating was continued until a yellow precipitate resulted.
u“l‘,t}"ze temperature was maintained between 88° - 92° for twenty minutes
longer. The reaction mixture was allowed to cool slightly and was then
;:,;"’pgured into 500 cce cold water and filterede The nitrofluorenone-2-
l»iéa,rboxylic acid was returned to the beaker and washed several times with
%waﬁer, with mechanical stirring. It was then filtered on a Buchner

funnel, sucked free of water and then washed with alcohol and ether. The

yield was 22 g. The melting point was 317° (copper block).

e E. Attempted Decarboxylation' of Nitrofluorenone-2-carboxylic Acid

A number of attempts to decarboxylate the nitrofluorenone-2-car-
boxylic acid were made, using as catalysts varying amounts of copper
powder, copper carbonate, soda lime, and copper chromite in quinoline

ifsolution. Decomposition products resulted and in most cases the nitro-
f;»fflpqrenone-z-carboxylic acid decomposed with an explosione It was then
de@ided that the nitro group present in the nucleus aided in the oxida-
tion of the acid especially since ammonia was among the decomposition

products recognized.
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Fo Preparation of Sodium Salt of Nitrofluorenone-z-carboxylic Acid

 In a beaker fitted with a mechanical stirrer and a thermomster
was placed 3.5 g. nitrofluorenone-2-carboxylic acid, O¢52 ge sodium
: Jl,;yg‘roxide and. 300} cc. water. The mixture was heated with stirring, until
~8ll dissolved, giving a red solution. This was filtered hote The fil-
k\;iyr:r,a‘be was allowed to cools Then 75 cc, ninety-five per cent ethyl ealcohol .
was sdded. The beaker was placed on an ice bath and the sodium salt
;‘,;_:pz;ééipitated with stirring. It was filtered end dried. A greenish

yellow powder resulted, amounting to 2.5 g

Go Attempted Decarboxylation of Sodium Salt of Nitrofluorenone-2-

carboxylic Acid

Two and one~half grams of sodium salt of nitrofluorenone-2-carbox-
.ylic acid and 0.9 ge soda lime were well mixed and placed in an electro-
1y‘bic beaker over which was placed an evaporating dish containing ice
-water, The mixture was heated slowly. Decomposition of the product re-
»‘:,8ulted3 it caught fire, the odor of ammonia was detected.

b) Three grams of the above mentioned sodium salt wes well mixed
in & morter with 4 g. soda lime. A glass tube about 3/4 inch in diameter
,,and;hls inches long was provided. The mixture was placed in one end of
vthe tube which was then stoppered with glass wool. A stream of nitrogen
was sent into the tube to dispel the oxygen present. It was then heated
m_th & yellow flame., The contents in the tube caught fire; azmnoni;,
(}‘;:vié,tzer, and carbon were smong the products recognizeds It was then de-

-eided that the nitrofluorenone-2-carboxylic acid and 'its sodium salt
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~could not be decarboxylated so other methods for proving the structure

~of the acid had to be devisede

He Preparation of the Acid Chloride of Nitrofluorenone-2-carboxylic

Acid

. The acid chloride of the nitrofluorenone-2-carboxylic acid was
_ prepared by thé method of Francis (37). Two grams (0,007 mole) of nitro-
:jf;iuc‘:renone-z-carboxylic acid was placed in a short neck, round bottom
) fl&sk arranged for vacuum distillation and 3 g. (0.014 mole) phosphorous
pentachloride was added. The flask was well'shaken in order to mix the
';tw‘? ingredients intimately. It was then placed on an oil bath and heated
untn.l the mixture began to undergo fusion (near 160°)s The temperature
wasa.llcwed to rise to 170° = 175° and was maintained within this range
.until complete fusion occurred. Suction was then applied and the
phosphorf(;s&:xychloride end any excess phosphorous pentachloride distilled
, bff. Aidaric red viscous liquid remained in the bottom of the flask which
ihaz;dened on ccoling, The flask was arranged for refluxing and the fusion
i’ mass wes diss;:»lved in 25 cc. dry benzene. A spatula full of Darco was
,‘a“c’klded, to the hot solution and the solution was refluxed for five minutes
-longere. The hot mixture was filtered and the filtrate was collected in a
© 80 ecc. erlenmeyer flask. The orange-yellow solution was cooled and the
ao:Ld chloride precipitated by the drop-wise addition of petroleum ether.

The erystals melting at 157° were collected on a filter and washed with

. petroleum ether. The yleld was about 1 g.

~ Anal, Cale'd C, H.O,NCls Cl, 12.34%
‘ €y 506,01 Cl, 10.67%
CoHy 0 N.Clys €1, 11.45% Founds C1, 11.99%, 12.09%
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I. Attempted Preparation of Nitro-2-bemnzoylfluorenone

Since 7-nitro=-2~-benzoylfluorencne has been prepared by Dziewonski (38)
by enother method, it was thoughﬁ that if the acid chloride of nitrofluore=-
; none—Z-earboxylic acid would react with benzene by the Friedel-Craft reac-
: tion, a comparison of the product formed by this reaction with an authentic
‘:sample of Dziewonski's 7e-nitro=-2-benzoylfluorenone would indica.te whethar
;"",theﬁnitro group of the acid chloride were in the 7-position or not.
:‘Severa.l attempts to prepare the nitro=2-benzoylfluorenone ended in failure.

| a) One gram of the acid chloride of nitrofluorenone-2-carboxylic
acid was dissolved in 25 cc. warm dry benzene and was placed in a dropping
funnel. Two grams aluminum chloride was mixed with 25 cc. dry benzene
.’m a small, three-neck round bot’c‘om‘flask equipped with a mechanical
’§11§fb%irrer, condenser, and dropping funnel. The acid chloride-benzene solu-
. tion was added dropwise to the aluminﬁm chloride~benzene mixture. Heat
~was applied at intervals in order that hydrogen chloride might be‘contin-
"’ uously evolved. ' The solution turned red, ther‘1 darker, and finally a black
' ta.rry substance precipitatede The benzene layer was decanted. The tarry
~material was placed in a beaker. About 150 cc. dilute hydrochloric acid
uwva.ks:»added and the addition product was broken up by stirring for about
forty-five minutes. It was then filtered and washed; & brown powder
~resulteds This was dissolved in 150 cce. glacial acetic acid and refluxed
\’Ff»oAz; twenty minutes. It was filtered hot. The residue was a dark brown
:,ipewder which melted with decomposition at 152%
The filtrate was evaporated by dlstilla’cion to about one~half its

qriginal volume. A brown precipitate filtered off. It was evaporated
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‘almost to dryness, & brown substance resulteds These products together
_with the one mentioned sbove were impure unreacted acid chloride.
b) One gram acid chloride of nitrofluorenone-2-carboxylic acid
wa.s dissolved in 25 cc. warm dry benzene. One~half gram aluminum chloride
-?‘a’.sfjmixed with 20 cc. dry benzene in a flask, as mentioned above. The
f':;ka\eﬁié chloride solution was dropped into the flask over & period of 45
";jsmimtes with constant stirring. A dark tarry substance settled to the
‘f}:rbottam of the flask. The flask was heated and the contents refluxed
_ for half an hour on the wate.;r bath, until the evolution of hydrogen
chloride ceased. The pext day this was filtered, and the filtrate was
]:'ailcwed to evaporatees The precipitate which settled out of the filtrate
.y_on cooling melted at 155° it was unreacted acid chlorides The residue
:’;f::ma treated as in the above experiment with the same results.
| ¢) Ina 150 oce besker was mixed 0.5 Ee acid chloride of nitro-
fluorenone-z-ea.rboxyllc acid and 0.14 g aluminum chloride with about
7,10 cc. dry carbon disulfides This was well stirred on a steam bath until
‘_the carbon disulfide had eveporated, them 2 cce. thiophene free dry benzene
? was;e.dded and the mixture/well stirrede A reddish brovm gummy product
",frosu'ltved. This was stirred into sbout 100 cc. dilute hydrochloric acid
t;ntil it became powderye. It melted over a wide range. It was recrystal-
"vliz‘eél from glaciai acetic acid and then did not melt at 317°, It showed
,’;’;posi'bive qualitative tests for nitrogen and chlorine. Hence it was most
111:913/ an addition product of the acid and aluminum chloride. According
to Dziewonski (38) the 7-ni£ro-2-f‘t;enzoylfluorenone melts at 198°.
L d) A.ﬁother method for the preparation of nitro-z-benzbylfluorenone

],ms ‘attempted using as a catalyst mercuric chloride=asluminum addition
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?roduct as prepared by Cummings, Hopper, end Wheeler (51). Twelve cubic

- centimeters of dry benzene and 12 g. mercuric chloride were treated
grgaually in a flask fitted with a reflux condenser with 0.5 ge aluminum
,pawd"er, the flask was vigorously sheken during the addition. A green
_precipitate suddenly appearede The reaction was continued for about 3/4
:hcimr. An olive green precipitate remained in the flask aftei' the benzene
’:,xy'ta,s filtered off. The mercury formed during the reaction (about 1%— ge)
was poured off the desired producte

| ~ About 1.5 ge of the Friedel-Craft catalyst prepared above was

placed in a small three-neck round bottom flask, fitted with a condenser
and stirrers Fifteen cubic centimeters of dry carbon disulfide wes added
jﬁfrhbrough the condenser; the misture was stirred vigorously while 1 g. acid
’M,c'erlbride of nitrofluorenone~2-carboxylic acid was added bit by bit. This
was stirred at room temperature for 3 hourse. The color changed from olive
f,,gzywe‘en to a deep reddish oranges After the 3 hours, it was heated to 45°
-on & water ba.th and maintained at this temperature for 2 more hours, until
: 'b;he"evolution of hydrogen chloride ceased. The mixture was a deep red

" oranges It did not change color during the last 2 hours. The contents of
the flask was poured into 400 cce. cold water and stirred vigorously for

| a short time. It was then filtered and washed several times with cold
"watver. A greenish yellow precipitate resulted whose melting point was:
loosened at 160°, dark at 200°, red at 230°, did not melt at 280° The
?iﬁécipitate was stirred with 75 cce dilute hydrochloric acid, was filtered,
andwas washed with water. A yellow precipitate resulted, melting as fol-
1crwse loosened at 1600, red viscous melt at 230°, no further change at

2809,
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e) Twelve cubic centimeters of dry benzene and 12 g. mercuric
chloride were shaken together in a small flask, O¢5 ge aluminum powder
vwas added in small portionse. A green precipitate resulted. This was
‘freyed from mercury and about 0.25 ge was placed in a small three-neck,
.round bottom flask, equipped with a stirrer and condenser. Ten cubic
]égntimeters of carbon disulfide was added to act as a solvent, and 1 g.
’»asid chloride of nitrofluorenone-2-carboxylic acid was added in small
- portions, The mixture was then stirred for 1} hours. The solution
”furned orange in colore. It was heated to about 75° for about 2 hours.
No reasction on litmus during this time. At the end of the 2 hours, the
flagk cracked and water from the water bath seeped in, so the reaction
;ﬁhs stopped. The contents of the flask were poured into about 50 cc.
:dilﬁte'hydrochloric acid and stirred for 1/2 houre. This was then file
etérad and driede The melting point ranged between 165°-180°. On re-
‘erystallization from glacial acetic acid, the product did not melt at
300%.
| Since the attempts to prepare nitro-2~benzoylfluorenone from the

acid chloride of nitro-fluorenone-2-carboxylic acid and benzene with
,ira.‘rious catalysts were unsuccessful, it was decided that the nitro group
~in the nucleus of the acid chloride acted as an inhibitor to the success

of ithe Friedel=Craft reaction.

e Preparation of Methyl Ester of Nitrofluorenone-2-carboxylic Acid

One gram of the acid chloride of nitrofluorenone-2-carboxylic acid
-wag refluxed in 10 cce. dry redistilled methyl alcohol for two hourse.

féohe of the acid chloride went into solution. It was filtered and the
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filtrate was allowed to cools A pale yellow precipitate resulted melting
at 179°-180°. On recrystallization from alcohol, the melting point was
181°-182°, An analysis of this compound showed it to be a complex con=~

: siSting of one mole of methyl ester of nitrofluorenone-2-carboxylic acid

and one mole of methyl ester of dinitrofluorenone-2-carboxylic acid.

S ,
Analo Calc d 015H905Nt N, 4.94:%

Oy HgOMpr N, 8.55%

Caoy7015N5t N, 6487% Found:s N, 7.37%

" Ko Preparation of 7-Nitrofluorenone-2-carboxylic Acid

It was then decided to synthesize 7-nitrofluorenone-2-carboxylic

~acid by & method which would leave no doubt as to its structure.

l. Preparation of 2-Nitrofluorenes 2-Nitrofluorene was prepai'ed

by the method given in Organic Synthesis (39). Sixty grams (0.36 mole)

fluorene was dissolved in 500 cce. warm glacial acetic acid in a liter
; ithr,ee,-neck round bottom flask fitted with a thermometer, a mechanical
‘k"s‘tirr,er, and a dropping fumnel, and supported in & water bath. The
' femperature was brought up to 50°, and 80 cc. (1.3 mole) concentrated
’n‘i’txy"ic acid was added with stirring in the course of fifteen minutes.
During the addition of the nitric acid, the solution beceme slightly
_,y,ellow and a small smount of material precipitateds The water bath
“Was sloﬁvly brought to a temperature of 600-650, the precipitate then
~dissolved end the color of the solution deepened. Stirring was con-
'binned and heat applied continuously until the temperature reached 800,
Af‘ter 5 minutes the water bath was removed and the mixture which con-

sisted of a semi=solid paste of fine yellow needles was allowed to
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cool to room temperatures This took about 2 hours. The product was col-
: 'iepted on & Buchner funnel, sucked as dry as possible, end washed with
two 25 cc. portions of cold glacial acetic acid containing 0.5 g« potas-
: sium acetate. It was then washed five times with water and dried. The

,;'ani’crofluorene thus obtaineéd melted at 155° end weighed 55 go Organiec

ﬁm_tj;m_g gives the melting point 155°-15e° (39)e This procedure was
: 'r;éfb’eafad six times, giving a total of 323 g. 2-nitrofluorene.

2. Preparation of 2,7-Dinitrofluorene. 2,7-Dinitrofluoirene was

prepared from 2-nitrofluorene by the method of Francis (37)¢ In a liter .
fbhree-neck round bottom flask equipped with a thermometer, mechanical

_stirrer, and powder fumnnel was placed a mixture of 300 co. glacial acetic

:j¢~§é;id, and 300 cc. fuming nitric acide During an hour's time 60 ge 2-nitro-
:fflu@ﬁene. At no time during the reaction was the temperature permitted
gﬁo, go above 30°. After the last addition of the nitfofluorene, the mix~
fturr'e, was permitted to continue stirring for about 1/2 hours At the end

of this time it was filtered through a sintered glass funnel, washed
mth glacial acetic acid end with waters When dried it gave a yield
of65 ge melting at 269° which agrees with the melting point éiven by
”,Méfgé.n and Thomason (40) for their supposed 2,7-dinitrofluorens. Four
runs of this reaction were made giving a total yield of 250 ge

A small amount of this, however, on repeated recrystallizations

;;from acetic anhydride, gave long, almost colorless, glistening needles
}fmelting at 299°, This melting point is in agreement with that given by

f’Anantakrishnan and Hughes (41) for 2,7~dinitrofluorene nemely 295°-300°,
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The "2,7-dinitrofluorene” which melted at 269° in agreement with
“the melting point of Morgen and Thomason was separated on oxidetion into
equimolar quantities of 2,5-dinitrofluorenone and 2,7-dinitrofluorenone.

B Pfegaration of E,Z-Dinitrofluorenone. Crude 2,7=-dinitrofluorene

‘was oxidized according to the method of Francis (37). Twelve hundred cubio
_f&éﬁtimeters of glacial acetic acid and 400 cc. amcetic anhydride were mixed
?in/é 500 cc. round bottom short-neck flask equipped with a mechanical
"stirr‘ex", condenser, and dropping fumnnel. Twenty-four grams of 2,7-dinitro-
flﬁqrene was completely dissolved in the mixture with stirring and reflux-
inge. Eighty-four grams of sodium dichromate dissolved in 300 cc. vglacial
~acetic acid was slowly added to the refluxing mixture over a period of
1“ 1/2 hours The reaction became vigorous. The reaction mixture was kept
hotand stirring was continued for 2 hours, whence the entire mixture was
pdured into 3 liters of hot water. It was filtered and washed with water
~gontaining a little sulfuric acid until all the chromium salts were removed.
\:’T’ha yield was 25 go It melted over a range 24G° - 270°, 8ix runs of the
j ;ﬁa.:b&e preparation were made giving a total yield of 143 g. As the .melt-
“ing point range did not agree with any given in the literature (41), the
pfodﬁct was purified further.

4, Separation of §_,§- and 2,7-Dinitrofluorenone. a) About 15 g.

"oi“the 2,7-dinitrof1uorenone prepared above was partly dissolved in

500 cce xylene and filtered hot. About 5 g. of a rather dark product
‘orystallized melting from 270°-295% This was recrystallized sbout three
'>tim§s. from the same solvent, each time the melting point range became

“,‘ies’“s. It was boiled with Darco which removed some of the dark colors
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Finelly it was dissolved and refluxed in some fresh xylene. Five grams
of a yellow product crystallized out which melted sharply at 293° This
'aigbrees' with the melting point for 2,7-dinitrbf1uorenone reported in the
literature (41).
 The original filtrate was distilled down to about 100 cc. On
’,~\~:sta‘r’1ding overnight & precipitate was in the distilling flask. This was
;f;,fviltered and recrystallized from 250 cce xylenes The precipitate on
‘drying melted at 239° and amounted to 5 g. This agrees with the liter
ature's melting point (241°) for 2,5-dinitrofluorenone. (41)
b) ' Fifty grams of the impure 2,7-dinitrofluorenone was placed in

& beaker and 310 cc. acetic anhydride Was’ addede This was allowed to
,v,jzv'vveflux (e large round bottom flask containing cold water was placed over
,_,""b}vf;fe’beaker to act as a condenser) for about 15 minutes; partial solution
ocourreds The solution was filtered hots The filtrate was allowed to
‘cobl and crystallize. The crystals formed were filtered and dried after
;Which they weighed 20 g. and melted at 220° - 240° This was an impure
éroduct of 2,5-dinitrofluorenone. The original residue was dissolved
f}in_ 500 cc. acetic anhydride and allowed to reflux after the addition of
 Darco for fifteen minutes. The solution after filtering off the carbon
ﬁa‘s e very light yellow. This was set aside to crystallize. After filter-
“ing and drying, the product weighed 19 g. and melted at 293°. This was
x,ﬂ;r;\ecrysmllized from 550 cc. acetic anhydride and refluxed strongly for
‘iéj“i()gminutes. It was then set aside to cool slowly. Fine needles with
“;hi,gh refractive power precipitateds These were filtered and washed

- geveral times with water. Seventeen grams of golden yellow glistening

»“'tn'eadleé melting at 293° = 294° resulted. This separation process was
nel g i
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‘repeated several times as mentioned above and each time about an equal
- amount of the 2,5-dinitro and the 2,7—dinitrof1uoreqone wes -obtained.
Evivdently the "2,7~-dinitrofluorene” melting at 269° obtained by Morgen
,aﬁ.“nd,f'T’homason (40) is a complex made up of equimolar quantities of 2,5~
“vryd;in‘itro- and 2,7-dinitrofluorene. This is not unheard of in fluoreme
: jcikhemistry, as is mentioned earlier in the discussion. The 2,7-dinitro-
;flﬁorenone did not dissolve in.hot- "cellosolve" n;:r in hot benzene.

: ¢) Five grams of 2,7-dinitrofluorenone was placed in a beaker and
‘glaéiall acetic acid was added in amounts of 100 cce. at & time until all
dissolveds This happened when 300 cc. acetic acid had been addeds It
wes ellowed to reflux for ten minutes and then was set aside to crystal-
1ize. Three grams of & product melting at 268° resulted. From this it
is ’,.’jevident that in order to secure a separation of the 2,6- and 2,7-
‘dinitro- isomers, fractional extraction st be resorted to.

5¢ Preparation of _2_-Amino-l+ﬁitrofluorenone. Twenty gr;a,xns of the

_puztif‘ied 2,7=dinitrofluorenons, 1200 cc. ninety=-five percent alcohol, and
135 cce concentrated ammonium hydroxide were placed in & 2=-liter three=-
:;;neck round bottom flask equipped with a condenser and mechanical stirrers
:;'L‘i;e solution was kept below the boiling point most of the time and a
s{ir'eam of hydrogen sulfide was bubbled inte the mixture. The mixture
»'bui'ned red, then darker, and finally a precipitate which shone like gilt
- paint began to appear. The reaction was carried on for 4% hours. It was
then cooled to 20° after having added 167 cc. water. It was filtered and
bl,w'a,’#,hed with alcohol and water. The residue wasg & dark brown product
f.ﬁv’:ei.ghing 17 ge This was washed in 175 cce alcohol, filtered snd washed

twice with 25 cc. alecohole It was then dried after which it melted at
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261° - 266°, About 1/2 g. of this was dissolved in 50 cc. monochlor-
benzenes A red solution resulted from which shiny black needles crystal-
| lized which melted et 275% On recrystellization from the same solvent

,, the melting point was 281° - 282°, This is in agreement with the melting
point, near 279°, reported by Eckert and Langecker. (43)

6o Preparation of 2-Cyano-7-nitrofluorenone. =2-Cyano-7-nitro=

: ;,fluorenone wes prepared by the Sandme&er reaction, as follows:

’ | i a) Preparafion of Cuprous Chloridees Cuprous chloride was prepared
g‘:frtv)i’n' 21 g. crystallized copper sulfate and 4.9 g. sodium chloride dissolved
“in ’68 cce hot water in a round bottom flask. The flask was well-shaken
during a period of ten minutes while a solution of sodium sulfite (402 ge
\ésfociium bisulfite and 2.8 g. sodium hydroxide in 32 cc. water) was slowly
added. This was cooled to room temperature end washed several times with
‘ﬁ#ter by decantation.

- b) Preparation of Cuprous Cyanide. A liter beaker contaeining 96 CCe
mter was fitted with a mechanical stirrers. The cuprous chloride was
a.dded and to this stirring mixture 13 g. sodium cyanide dissolved in 19 cc.
wa’cer wes addeds The cuprous chloride went into solution with the evolu=
tion of heat. This was cooled in an ice bath to 0° = £%

| ¢) Diazotization of Z-Amino—?-nitroﬂuorenox;e. Fourteen grams of
2¥a;nino-7-nitrof1uorenone was mixed in & 400 cce beakér with 17 cce con-
v';\,jg‘e,ixtrated hydrochloric acid and enough cracked ice was added from time to
’cime to keep the temperature at 0° - 5%, A solution of 4.2 g. sodium
""nitrite in 15 cc. water was added through a dropping fumnel with stirring

evere. period of fifteen minutes. The mixture became reddish brown and
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thick and pasty, on the addition of more ice and vigorous stirring the
v,fiscosity became less. It was tested from time to time with alkaline
beta=naphthol and for the end of the reaction with starch-iodide paper.
It ﬁ'as neutralized with sodium carbonate.

d) Preparation of Nitrile. To the cold cuprous cyanide solution
f,v?a;s added 20 cce toluene. The diazonium mixture was slowly added over
& period of 1/2 hour with continued mechanicel stirring, It was stirred
for énother helf hour at the cold _tempéra‘cure. At this time it gave a
‘négative test for diazonium compound with beta-naphthole It was then
.allowed to reaéh room temperature with constent stirring. Over night the
‘color of the mixture changed to dark brown. The next dey it was heated
jéé 50° and was stirred at this temperature for 23 hours. Then it was
'}','»}»p];:a;éed in a water bath and heated under reflux for 7% hours. The volume
'swélled and nitrogen wes evolved. The crude yield was 19 g It was a

dirt brown powder which did not melte.

7o Purification of 2-Cyano-7-nitrofluorenone. Eleven grams of

’th'a impure 2-cyano-7-nitrof1uorenone was placed in a Soxhlet extractor
-and extracted with 100 cc. cellosolve for sixteen hours. The precipitate
Whlch settled out in the flask on cooling wes recrystallized from alcohol
snd melted at 200°-205°, The remainder was extracted further from 100 cc.
butyl cellosolve for fifteen hours. ' In all about 2 ge was‘ extracted.
This was recrystallized twice from butyl cellosolve and then sublimed.

‘»’:The.sublimation product was orange needles melting at 245° - 247°,

 Anal. Calc'd C, HeO,t N, 11.20% Found: N, 11.21%
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8o Hydrolysis of 2-Cyano-7-nitrofluorenone. Eight grams of the
impure 2=-cyano-7-nitrofluorenone was placed in a round bottom flask and
refluxed with 150 cc. five per cent potassium hyaroxide for twelve hours
at k’»which time the evolution of ammonia ceaseds It was filtered and the

,~‘~,filytra‘ce was boiled in Darco for 10 mimites and was again filtered. The
. resulting filtrate smelled so strongly of ammonia that it was placed in

_ the fla.‘sk, together with the undissolved nitrile and refluxed for twenty- -
'bwo hours longer at which time the evolution of ammonia had ceased about
” one hour before the refluxing was stoppeds This was filtered. All the
nitrile had dissolveds The filtrate wes boiled in Darco and again

. filtered. This filtrate was a dark reds It was treated with 1:1 hydro-
; 'éhloric acid, whereupon a hard-to-filter red precipitate appeared. This
was digested for ebout 1/2 hour, but this did not seem to aid the filtra-
4ion. ' The product was then centrifuged, this was much faster than filter-
" ing, and the érecipi’cate was then recrystallized from acetic anhydrides
A yellow substance resuited melting at 200° - 205° On sublimation this
,{yi;elded en orenge colored product melting at 210° - 2130. The yield of

: :,'bhe 7-nitrofluore:none—2-carboxylic acid was small.

- Le Preparation of Acid Amide of Nitrofluorenone-2-carboxylic Acid

Two grams of acid chloride of nitrofluorenone-z-carboxylic acid
vms dissolved in 80 cce hot dry benzene. Dry ammonia was allowed to
bubble in for ten minutes whereupon a mstard colored precipitate ap~-

, ipi'efa,red. The excess ammonia was driven off by heating. The product was

~then filtered and recrystallized from xylene. It melted at 322° - 324°,
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Anal, Cele'd  C),HoON,s N, 10.44%
o
C) (O 1 N, 13.41%

Cogly Oy st Ny 12408% Found: N, 12.41%

. Preparation of 2«Amino-( )-nitrofluorenone.

— — ——————— '

Two grams of nitrofluorenone-2=-carboxylic acid emide was mixed
in50 cce waters One cce bromine was dissolved in 25 cce water at 0°,
To ‘Ehis was added a solution of 7.5 g. potassium hydroxide in 50 cc. water.
~f“;A:""p‘ale‘ yellow solution resulted when the potassium hydroxide dissolved in

the bromine water. The temperature was kept at 0° = 5°, The acid amide
v:;;‘:suspemsion was added at the same temperature; all went into solution,
V'£§fming a red solution. This was allowed to stand for several hours
af‘berwhich it was filtered and the filtrate was refluxed for 1-% hours
‘foﬁ a water bath. It was then filtered, leaving a black residues. This
~did not melt. It was dissolved in monochlorbenzeme, giving a red solu-
tﬁ.on. It was filtered, as the filtrate cooled brownish red crystals ap=-
i”:ise,a‘red which melted sharply at 321° This product diazotized, hence it
V"’i’a?as‘ an amine. This melting point does not conform with that of Z2~amino~

3 "7én§.trofluormone which melts at 281° - 282°,

- Anal. Cale'd. C,,HON,: N, 11.66%
2
C, gH 0N 2 N, 14.73%
Cogth Ot Mo 13.33% Found: N, 13.35%

N- Preparation of Chlorofluorenone

 Chlorofluorencne was prepared by the decarboxylation of chloro-
fluorenone-2-carboxylic acid which was obtained by the Sendmeyer reaction

. from aminofluorenone-2-carboxylic acid.
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l. Preparation of Aminofluorenone~2-carboxylic Acid. Iwelve

hundred cubic centimeters of ninety-five per cent alcohol was placed in
& three-neck flask arranged in a manner similar to the previously reported
,~l’~r~‘eduction, 20 g. nitrofluorenone-2-carboxylic acid and 150 cc. concentrated
”’axmonium hydroxide were added whersupon an amber solution appeared. Hydro-
 gen sulfide was bubbled in and heat was applied until a steady reflux be-

_ ‘gane. The entire condenser was white with ammonium polysulfide and some

ff’ee sulfur. After 2 hours of heating the solution was pemitted to reach
‘ foom temperature with stirring and bubbling in of hydrogen sulfide for
_eanother houre. Almost immediately on the introduction of hydrogen sulfide
the solution became red, but it took some time before it all went into
solution. At the end of the 3-hour reduction period the reaction was
"'i:‘.'véb»to,pped. One-hundred seventy cubic centimeters of water was added to the
| flask and the solution was allowed to reach a temperature of 20° in an ice
bathe It was poured into a liter beaker and 250 cce. 1:l hydrochloric acid
“;‘,"ivas added, whereupon & cherry red suspension appeared, giving an almost
f ‘white precipitates This was filtered and on washing with water it turned
gray. It weighed 9—% ge It gave a blue flame when ﬁeated and gave off
" sulfur dioxide fumes. Call this precipitate A.
In the filtrate a new precipitate appeared, red and glimnering,.
like the precipitate in the previously prepared amine. This was filtered
3 -~ and washed with alcoholes It weighed 6% ge On drying it was tiny red
| needles which did not melt. Call this precipitate B.
The precipitate A was dissolved in carbon disulfide and filtered,
‘a’vred precipitate which did not melt wes taken off and placed with preci-

pitate B. The filtrate of carbon disulfide on evaporation gave 7 ge sulfur.
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The filtrate resulting from precipitate B was evaporated by distil=-
lations A white crystalline material distilled over melting at 119°-124°,
,T"Iv'xis proved to be sulfur. The residue in the distilling flask gave a red

"preoipitate C which did not melt., This weighed 6 ge It was only slightly
: ~soluble in alcohol and in nitro-benzene. That which did not dissolve in
| “freither of ﬁhese two solvents, precipitate D, was a brownish red material
 weighing 4 g. It also did not melt. This proved to be an acid, i. e. it
- dissolved in sodium hydroxide and reprecipitated on the addition of dilute
'fhydrochlb.rinc acide.
Five grams of precipitate B was placed in a refluxing flask with
: 18 cc. concentrated hydrochloric acid and about 150 cce. water end re-
fluxed for six hourss Then the mixture was steam-distilled, & white
W,:':’vsv{ubsta.nce which proved to be sulfur distilled over. The red precipitate
FB'Hwhich did not go iﬁto solution with this treatment proved to be an
- acide Some of the original precipitate B was tested for completed reduc=-
tion to the amine; it failed to react with acidic zine and tin.

2. Purification of Aminofluorenone-2-carboxylic Acid.

a) Purification of Precipitate D. Four grams of precipitate D was
placed in an erlemmeyer flask to which was added 1 ge potassium hydroxide
.’m 15 cce waters Precipitate D went into soiution. About 50 cce more
water was added and the solution was boiled in Darco and filtered. The
acid was precipitated by fhe slow addition of lil hydrochloric acide A

“ﬁ’i'f"'bﬂbzﬂttle, umnelting brownish~red acid resulted which weighed 2% ge Half
of this was boiled several times with alochol and filtereds The red
feSulting residue was placed in a vacuum desiccator to dry for analysis.

 Anal. Found: N, 8.04% 8.18%
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b) Purification of Precipitate B After the steam distillation,
a part of the remaining precipitate B was refluxed several times in alcohol.
‘That which did not dissolve after three attempts and using 800 ce. aleohol
";;i'as dried in a vacuum desiccaﬁzor for analysise |
Anal. Found: N, 8.00%
From the analyses it was concluded that the precipitates B and D
o were the seme substance. Calculations showed that the aminofluorenone-.
~ 2ecarboxylic acid is a mixture of an ‘aminofluorenone-z-carboxylic acid

 and an aminonitrofluorenone-2-carboxylic acid.

] 74
Anal, Cale'd  C, H O.N: N, b5.85%
C, Hg0cNyt N, 9.85%

Coglly Ozt N, 8403% Found: N, 8,00%, 8.04%, 8.18%

3. Preparation of Hydrochloride of Aminofluorenone-2-Carboxylic
f‘f.?:‘l‘ One gram of the steam distilled residue B was dissollved in 500 cce
‘ : hydrochloric acid and evaporated to dryness uncier reduced pressuree. After
~-washing several times with absolute alcohol it was browvn end did not melt.
Tt was dried in a vacuum desiccator for snalysis. It, too, pi'oved to be
& mixture of equimolar amounts of the hydrochloride of aminofluorenone-2-
: “Qarboxylie acid and of aminonitrof‘luorenone-z—carboxylic acid.

t ] 3 (] . ]
snal, Calo'd C,.H ON.Cl,r N, 7.01% Found: N, 7.62%

4, Preparation of Chlorofluorenone~2-carboxylic Acide Chloro-

‘fluorenone-z-oarboxylic acid was prepared from aminofluorenone-2-carboxylic
\ ’avcid by the Sandmeyer reaction. |

o a) Preperation of Cuprous Chloride.' One and five tenths grams
of copper sulfate and Oe.4 g. sodium chloride were dissolved in 5§ ccs hot

water. A solution of 0.3 ge sodiumvbisulfite, and 0.2 ge sodium hydroxide
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in 2 cc. water was slowly added to the first solution.. Cuprous thoride
precipitateds This was washed several times with water by decantation.
b) Preparation of Diszonium Compound. One gram eminofluorenone=-
i»yzg-c'arboxylic acid was mixed with 3 cc. concentrated hydrochloric acid
:' ‘“ and 10 cc. waters The temperature was kept at 10° - 15% To this was
added & solution of 0.35 ge sodium nitrite in 10 cce. water, through a
“‘ '{‘d'ropping fumnele. Stirring continued for 10 minutes after the last addi-
t:.on of sodium nitrite. Excess nitrous acid was removed with urea. The
" Cakbure was filtered, giving a red solution.
¢) Preparation of Chlorofluorenone-2-carboxylic Acid.. The cuprous
}phloride was added to 30 cce 6 N hydrochloric acid and heated to boiling.
\yf,t};;f;\ll’dissolved. The diazonium filtrate was added slowly with stirring.
A ,ylellow precipitate resulteds It was kept hot for five minutes in order
kf to'coagulate the precipitate end to allow the nitrogen to escape. It was
 filtered after standing for several hours, washed with water and dried,

| .The chlorofluorenone-2=-carboxylic acid melted at 286° ~ 290°, On subli-

mation this gave beautiful pale yellow needles melting at 296°,

| Anal, Calc'd C,,H,0,Cl: C, 64.90% H, 2.70%
Cq Hg05CL Ne C, 55¢35% H, 1.97%

Co gl 50501, C, 59.78% H, 2.31%

Founds C, 59433% H, 2.35%

5. Decarboxylation of Chlorofluorenone-2-carboxylic Acide A small

~ part of the chlorofluorenone-2-carboxylic acid wes placed in a test tube
fitted with a cold fingers This was heated to melting and a small bit of
i'r‘we‘0pper carbonate was placed on top of the fused compound. Small yellow

~ needles sublimed on the cold finger, melting at 132° - 134°. On resublima-

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



51

tion this compound melted at 146° - 147,5° This compound, too, analyzed

‘ as e mixture of equimolar amounts of chlorofluorenone and a chloronitro-

~fluorenones
~ Anal. Cale'd CpHO Cly C, T2.72% H, 343%
C, gHg05CIN: C, 60.11% H, 2.31%
Coglly50,01,Ns  C, 654827 ' H, 2.74%
Found: C, 66.56% H, 2.18%

Os Preparation of Bromofluorenone

Bromofluorenone wes prepared in a manner similar to that by which
the chlorofluorenone complex was prepareds

le Preparation of Bromofluorenone=-2-carboxylic Acide Bromo=-

ﬁluyorenone-z-carboxylic acid was also prepared by the Sandmeyer reaction.
a) Preparation of Cup;fous Bromide. One and one~half grams of
copper sulfate and 0.6 ge sodium bromide were placed in a small i'ound
',ﬁot’bbm flask to which 5 cce hot water was addeds The flask was shaken
ji‘y.‘{’until all dissolveds To this was added slowly with shaking e solution
of 0+3 go sodium bisulfite and 042 ge sodium hydroxide in 2 cc. water.
L:;’,I,fThe cuprous bromide was c’oo’l‘ed to roon temperatufe and washed by decen-
4‘ ’ ’k,"bi"a‘.'bion.
. b) Preparation of Diazonium Coxﬁpound. One gream aminofluorenone~
- 2-carboxylic acid was mixed with 5.13 cc. hydrobromic acid (48%) and
10 coe water, keeping the temperature at 10° - 16% To this was slowly
a.dded e solution of 0.35 g. sodium nitrite in 10 cc. water. Stirring
: ;’w:c’,a.sﬂcontinued for 10 minutes after the advdition‘of the last of the sodium
: :iitri*te solufion. Excess nitrous acid was removed with ureas. The

diazonium compound was filtered, giving a light yellow solution,
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c) Preparation of the Bromofluorenone-2-carboxylic Acide The
cuprous bromide was added to 50 cce. forty~eight per cent hydrobromic
aéid. It all went into & dark solutions. This was heated to boiling.

_l’:’The diazonium solution was slowl,:y added through a dropping fumnel to

»_{the stirred hot solutione A yellow precipitate resulted. This was
digested for five minutes until nitrogen was no longer evolved and then
allowed to stand for two hourss It was filtered and gave a brown residus.

/~0hf‘sublimation, yellow needles melting at 310° resulted. The yield was

; too small to permit an analysis to be made.

2. Decarboxylation of Bromofluorenone-2-carboxylic Acid. The bromo-

-+ fluorenone=-2-carboxylic acid prepared above was decarboxylated with copper
. carbonate in the same manner as was the chlorofluorenone-2-carboxylic acid.
On sublimation yellow needles resulted, melting at 160°-165% The yield

in this case, too, was too smell to permit an analysis to be made.
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SUMMARY

We have succeeded in synthesizing 7-nitrofluorenone-2-carboxylic
’gcid by reactions that leave no doubt as to its constitution.
Investigation of the product obtained by Francis (37) fronm the
nitration of fluorenone-2-carboxylic acid showed it to be a complex of
equimolar emounts of & mononitro- and a dinitrofluorenone-2-carboxylic
‘ »acid, which persisted as a complex in a number of its derivatives.
The 2,7-dinitrofluorene melting at 269° of Morgen and Thomason (40)
has been shown to be a mixture of equimolar amounts of 2,5~ and 2,7-di=-

“"nitrofluorene.
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