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INTRODUCTION

The chemistry of fluorene in recent years has attrac-
ted considerable attention since it has been founé that
its derivatives possess impoftant physiological propertiés 
such as their effects upon plant growth (58), estrogenic
activity (28), as well as local anaesthetic and antisﬁas— _
modic éction (53). Of greater interest however is the car-
cinogenic activity of certain fluorene derivatives, for
example, 2-acetylamino fluorene (52). These discoveries
have initiated an investigation into the synthesis of other
fluorene derivatives for possible carcinogenic activity as

well as for other physiological and biological properties,

This thesis describes in part, an investigation which
was undertaken primarily in the,hope of synthesizing some
fluorené derivatives of certain physiologically active com-
pounds, namely, the barbituric acids. If successful it was
hoped that the biological effects of these new compounds
would be determined at a later date with the facilities and

assistance of the Manitoba Medical College,

In order to investigate a general method of preparing
certain fluorene derivatives, attempts have been made to
determine the suitability of the Reformatsky Reaction and

the Friedel-Craft Reaction. The former has been shown to




be a convenient method for preparing many Q-hYdroxy esters
and its corresponding esters and acids, usually in fair
yilelds, from ketones and &-halogen eéters. The Friedel-
Crafts synthesis was.undertaken with the object of deter-
mining‘a mére readily applicable technique for the prep-

aration of the‘9-carboxylic esters of fluorene from

biphenyl.




LITERATURE SURVERY

I. THE CHEMISTRY OF FLUORENE AND FLUORENONE

In 1867 Marcellin Bertholét (10) isolated a white
fluorescent hydrocarbon melting at 113°C. from the 300-
310° boiling fraction of crude anthracene. Because of its
fluorescence he called it‘“FluoreneWi Its structure has
been determined from the iﬁvestigationS'ofBarbier~(87,

Fittig and Ostermayer (24%), and is indicated in the syn-

thesis of the compound from dichloromethane and biphenyl

1.
| ] « A
# T 2\

-Fluorene represented structurally by (I),

5 & ' v
3 CH
6 D | ‘ " ‘6 “:CHQ ‘
. o . (;}tr

3 (:?tz' (1)

~possesses an activated methylene group at the 9 position

located near two pairs ofdoubly linked carbon atoms. This
activity has been explained by Thiele's theory of the ethy--
'i | lenic bond and glso by the electronic“theory of Goss and

Ingold (29) and is evident by its formation of a sodium




derivative with metallic sodium and with sodasmide.

The synthesis of fluorene derivatives has been accom-
plished by direct substitution in the molecule itself or
indirectly through some intermediate, Direct nuclear sub-
stitution in the benzene rings seem to follow & definite
rule, Chlorine, bromine, nitricand sulphuricacids react
in the 2 position and further subtitutions lead to the 2,
7 compounds, This special reactivity of the 2,7 positions
is ascribed as being dueuto the superior diregtive proper-

ties of the phenyl group (kl).

It is interesting to note that substituents in the 2
position greatiy activate the methylene group in the 9 pos-
ition as reported by Schiessler and Eldred (59). Pinck
(45) has postulated that this increased activity may ac-
count for the carcinogenic activity of certain 2 substi-

-

tuted fluorenes.

Fluorenone (II), the oxidation product of fluorene,

CH.«
[° * c-0
cH“
4 (1)
1§ a common stérting point.for'the preparation of 9 substi--

tuted fluorenes. Its preparation has been the object of

study for many investigators. The simplest among the many



- diversified methods is the oxidation of fluorene by sod-

ium dichromate in acetic acid (33). The advantage of this
‘method lies in the fact that technical fluorene (98%) can
be used, the impurities having little effect on the final

yield.

With potassium permangante solution as the oxid-
izing agent the yield is reported to be mostly quanti-
tative (17). Fluorenone of the highest purity is said
to result from the conversion ofdiphenic acid (III), the

reaction belng rapid and quantitative (33).

'°°="‘ _heat )c.o + CO, + MO
S
() | -

Selenium oxide has also been used to oxidize fluo-=

rene to fluorenone (67).

In chemical behaviour fluorenone is similar to the
aromatic ketones such aszbenzophenoné,'the carbonyl group
being situatéd between two aromatic nuclei. Thus fluo-

renone forms oximes and hydrazones.

This bright yellow crystalline fluorenone is con-
verted to the green solid thiofluorenone (IV) by treat-

ment with hydrochloricacid and hydrogen sulphide (13).
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With a substituent in the 2 position fluorene is
readily converted to its corresﬁonding compoynd of fluo-
renone even by air (53), or by such mild oxidizing agents |

-as potassium hypochlorite (59).

The reduction of fluorenone yields a secondary al-

cohol, fluorenol or 9-hydroxyfluorene (V). This reduc-

C.H. OH-
\" 4_'\C/

CHY r
tion has been carried out with zinc dust and potassium
hydroxide solution or ammonia (71). Aluminum amalgam in
- alcohol is a satisfactory reducing agent giving good yields
(1), Bachman (6) has reported a 99% yield u51ng sodium
amalgam in absolute alcohol together with a mixture of
| anhydrous ether and benzene as the solvent. The reduction
accordiﬁg to this procedure is not affected’by the hydrogen
liberated but proceeds through some iﬁtermediate compounds,
An excess of sodium is used in the reduction with sodium
since it has been found that withva theoretical amoﬁnt of -

sodium a high Yield of fluorenopinacol (VI) is formed (6).




A C/\ 4
CHI L 1T CH
°H O HO © % (V1)

Ferrier (22) obtained a quanﬁitative yield of fluorenol
by hydrogenating fluorenone with aluminum secondary butyl
oxide. A smaller yield results when reduction is carried
out with a powdered nickel on kieselguhr catalyst and
hydrogen (36).

Fluorenol is readily converted into its corresponding
fluorenyl haiogens by means of such-halogenating agents as

phosphorus pentachloride (71) to give 9-chlorofluorene

(VII).
?6 l_\4_\C/ \"'l
g N
CoHy N

Thionyl chloride (35) has been found to be a very
effieient”reagent for the preparation of this compound,
An almost quantitative yield has been obtained by Hurd and
Mold (36) by alloWing fluorenol to react with concentrated
hydrochloric acid.

Hurd and Mold Applying the same procedufe with a ¥1%

hydrobromic acid reagent obtained a 66% yield of 9-bromo-



fluorene. A better yield has resulted by the action of
hydrogen bromide in glacial acetic acid (38). The prod-
uct resulting from this procedure required no recryst-
allization. 'A shorter method is that of Bachman and

Sheehan (7) which gave good yields with acetylbromide.

When N-bromosuccinimide was used as a brominating
agent of fluorenol a 47# yield resulted (26). However a
much better yield has been reported when this reagent was

used with fluorene dissolved in carbon tetrachloride (73).

Sampey and Reid (57) have accomplished a photobro-
mination of fluorene in carbon tetrachloride under a strong
mercury arc or in direct sunlight. 60-64% yields of94bfo-
mofluorene were obtained. Sampéy and King (56)-fdllowing
the.study of this photobromination have discovered that
the presence of 1ddine greatly affects the bromination and

some of theilr tests showed that none of the bromine had

entered the side chain.

Photdbrominatioﬁ of fluorene to give 9,9-dibromofluo-

rene (VIII),

cky‘;, \\Ehr‘ (V)

has been undertaken by Sampey and Childress (55) through



the addition of»assecond.molb of bfoéiné under strong
irradiation. They report that this,éompound,caHSedAa;
severe dermatitis which spread over large areas of the
body. The corresponding 9,9~dichloro compound is pre-
pared- by the action of phosphorus péntachloridé on fluo-

renone (48).

Pinck and Hilbert (47) have reported an anamolous
reaction between ammonia and 9-chlorof1uorene. These
reagents did not yleld the expécted 9=-amino derivative
even though the reaction was carried outwith liquid
ammonia in a sealed tubé. This confirms the earlier re-
sults ofCourtot and Peticolas (18). Thié peculiarity 18
aftributed to the infiuence of the labile nature of the
hydrogen in the 9 position becamnse whenithis hydrogen is
replaced by a relatively large group as the phenyl or the
naphthyllgroup the halogen compound reacts normally with

ammonia., Thus 9-chloro-9-phenylfluorene reacts with ammonia

to give 94amino-94phenylfluorene (IX) .

%«H4\ C ~NH,
~
C_bH 4/ Cb"\s (%)

Fluorenol and the halogen derivatives which have been
mentioned thus fér can be made from asingle fluorene deri-

vative. This versatile reagent is 9-diazofluorene (X) and




is obtained by the oxidation bf fluorenone hydrazone (65%).

$£+*¥\‘ ,/h‘
C H/c' “

)

Hydrolysis of this product gives 9-fluorenol.

fth»\C/N wo C".QH“\ C/OH .
CHs \‘14, CH,” "~wn *

With hydrogen chloride a good yield of 9-chlorofluo-
‘rene is obtained. Reaction with thionyl chloride gives

9,9-dichlorofluorene.

CH R
C:‘* v SOQQ \9 @4~ s
H / NN " /C. ~ M Nz
CH, (N
> Bromine in carbon bisulphide reacts to give 99 9=

dibrcmofiuorene.

Recently (48) 9,9-difluorofluorene has been prepared
from 9,94dichlorofluorene.and hydrogen fluoride in the pre-

sence of mercurid chloride. The product is somewhat un-

stable.

The 9-bromo and 9-chlorofluorenes are useful reagents




for the synthesis of many 9-substituted derivatives.
Bachmann and Sheehan (7) have condensed 9;bromofluorene
 with malonic ester, followed by hydrolysis and decarboxy-

lation to give a good yield of 9-fluorene acetic acid (XI).

c” \ NeO&L |7 * “oy-cH(cogt)
C \._\ v \BV % CH:,(Coaa‘t)z —_— C6H4/ ( 1. )2
| . CH
G heat
\°* CH-CH QO H <« b \ C,H -CH(co H)
CH, -Co, C.t
) _

This acid has been prepared by heating a monohalbgen ester

and fluorene at a relatively high temperature (74).

CHN | c\? eFlax N CH-cH CO,Et
CQH(CHZ T OBrCHOORR T M

The melting p01nt of this acid appears to vary ace-
ordlng to the procedure used. The malonic ester synthesgis
‘gave a melting point of 131.5-132,5°C. whereas Sieglitz and
Jassoy (63) reported the‘temperature to be 137°C., Schlenk
and Bergmann (60) have reported two melting points for an
4- and a G-form, the temperatures being 222° and 232° res-

pectively. Existence of isomeric fluorene derivatives has




been claimed by many investigators.

The lower homologue of 9-fluorene acetic acid, namely
fluorene-9-carboxylic acid (XII), has been prepared in a
variety of ways. It has been prepared directly by the re-
action of 9-sodiofluorene and carbon dioxide (60) or from

9-fluorenylmagnesiim bromide (XI) and carbon dimcide (66).

C H |
(\:6H4\ CHMoBY | __Cﬁz___) \cb 4:CHC0,.MQBV
-~ AR .

(x1) ' /
CH, . ‘Fk

1° *" cHcon
CH;, *
xm

Verlander (70) prepared the acid directly from ben-

zilic ac1d as follows:

. OH I N
COM | [ >

Previously Delacre (20) had applied the Friedel-Crafts re-

éction on ethyltrichloroaceta‘te- and benzene.

The well known hydroxy derivative of fluorene-9-car-

boxylic acid is 9-hydroxyfluorene--9-4cafboxylic acid usually



called diphenylene glycolic acid (XVI). It is readily pre-
pared by heating phenanthraquinone (XV) with sodium hydro-
xide solution (22). The phenanthraquinone undergoes a ben<

zilic rearrangement similar to an open chanin &-diketone.

G #0 CH ~ _OH o CH.~ _OH
§ NaOH \" 4 Hen oy _“/Q
[lil © 80 (%)ﬂ;f \Cx%yta CH,” “coM

N

This d-hydroxy acid readily oxidizes to fluorenone,

The use of the Grignard derivative of fluorene has
been investigatea by Tucker and Whalley (62) who have pre-
pared 9-fluorenylmagnesiim bromide. Grignard and Courtot
(71) prepared this reagent by heating fluorene with ethyl

magnesium bromide in a,501vent. It behaves like other

normal Grignard reagents.

C6H4\ : C"H4-\ ' |
V7 CH 4 M MgBr —— | " CHMoBr + CH,
cHy i cH/ o

Miller and Bachmén (37) investigatihg the use of 9-‘
chlorofluorene for_synﬁhetic purposes could not duplicateﬁ
the resﬁlts of Courtot in preparing this Grignard reagent.
Tucker and Whalley however obtained fair yield of fluo-
renylmagnesium bromideby ﬁsing an excess of ethyl magnes-

ium bromide with fluorene.




It hasbbeen found that the Grignard reagent of 9-
bromo—9fphenyl fluorene (XVII) forms in a subtle mahner.
If the reactants are in a mole per mole ratio the Grignard

reagent (EVIII) -is formed normally (&).

?&HQ—\C/C"H'-" + M 5 ?"HA-\.C/ CHs
CHY Br > cHo
o A © 4 MgB"

(xvu) (xNm)

If“however only 0.5 gram;atom of magnesium reacts a

free radical 9-phenyl fluoryl (XIX) is said to be present.

\ & C + ‘b 4\c./ @ "3
C‘_HA_/ N Br Mo > CH : N “+ MgBri
(x1x)

This free radical then can take on an additional half mole

of magnesium to form the normal compound.

Although the reactions and the properties of 9 sub-
stituted fluorenes aré diversified and in many cases from 
the chemical point of view unusual, the atténtion of mény
chemists in recent years has been directéd towards the
study of those derivatives having substituents in the
benzene rings and especialiy to those compounds pdssessing
bidlogical action. The syntheses of these compounds have

added much to the knowledge of the structure of fluorene.

As mentioned before direct substitution generally



~occurs at the 2,7 and 9 positions., To obtain substituents
in the other positions recourse to indiréct methods is
necessary. .The conversion of phenanthraguinone derivatives
to fluorenes and fluorenones have been investigated with

- sometthoroughness. However the use of appropriate inter-
mediates for the‘synthéses of fluorepe compounds hés re~
cently recelved encouraging impetus through the expénded

knowledge of biphenyl chemistry.

It will be recalled that P. Adams obtainedfluorene
itself from dichloromethane andbiphenyl. The syntheses
of new biphenyl derivatives has led to the sﬁccessful prei-
paration of fluorenoneﬁand'fluorene derivatives with sub-

stituents.in the 3, %, and 6 positions.

Pure h-methylfluorene (XXI) has been obtained from
2,2' dimethyl biphenyl (XX) with a pallatium charcoal cat-

alyst (4.

(%Xxt)

According to this procedure derivatives of fluorene may be
prepared by the catalytickcyclodehydrogenation of 2Qmethyl

biphenyl derivatives.

Loéngo and Pirona (40) have made a study ofvthe syn-




thésis of fluorene compounds from biphenyl derivatives and
': in particular thevinfluenceyof thelﬁositions of substituting
groups on the formation of fluorene structures. They were
able to prepare l-methylfluorene and l,6-éimethylfluorne

- (XXII) through the synthesis of some new biphenyls.

(xxn)

- The wide agpplicability ofvthis method has been further
demonstrated by the preparation of 3;nitroflUQrenone IXXIV)
from anitroéz;biphenyl carboxylic acid (XXIII) and concen-
trated sulphuric acid, the biphenyl‘derivatives being obt-

ained by a new synthesis (49).

The use of biphenyl chémistry and direct nuclear substi--
tution have béen applied in the synthesis of 2-acetylamino |
fluorene (XXVI) from 2-iodo-biphenyl (XXV) with radioactive
carbon 1k in the 9 position of the molecule (51).




_"I..

» COH

ctcocu,

D ~NHCOCH,
»*

SCH

2
' G S (XRVS)

Miller and Bachman (43) have given a review of the
methods used for the preparation of substituted fluorenbnes.

These methods are discussed under five types., They arer
(1) Direct substitution to give 2,7 derivatives.

(2) Elimination of hydrogen bromide from substituted o-

benzophenones.

(0 =

(3) The arrangement of phenanthraquinone derivatives.




/co—co HO\. - coM

10%

(%) The dehydration of o-carboxydiphenyl derivatives. .
CC)H

(5) Coupling of diazotized o-aminobenzophenone derivatives. -

CO _ _.. :
L co

{__} -——éi_g 7 N/ N
\ bail — =
NX :

They have applied these general methods for the prep-

aration of 3- and Y-bromofluorenones.

A critical review of fluorene chemistry reveals how

little is known of its reactions and above all its struc-

ture. Although the fluorene molecule is generally believ-

ed to be indicated by (I),



—

|

™~

(T)

there are evidences which indicate that this picture does

not convey the true molecular structure.

Lothrop (41) has located the double bonds in fluorene
by a method whlch is usually applied to aromatic hydrocar-
bons and he has shown that the fluorene molecule has the
.benzen01d rather than the naphthoid rings. Moreover it is

suggested that the double bonds have no fixed position,

Bergmann and Berlin (9) have confirmed Lothrop's
results and have found that in fluorenone as well as
fluorene the double bonds are not stationary. .They have
based their conelusion partially by the fact that 2-gcet-
oxyfluorénone and 2—acetoxyfluorene (XXVII) on the Fries

' rearrangement give'l-acetyleQ-hydroxy derivatives (XXVIII).

/CH o R coony
\ k 7 N_#/ \
</ f_\_\/ COCH —_— \:/ \ / —OH \
(¢ xvin)
(XxVity

Hence fluorene, like benzene, is not to be represented ex-

clusively by a single structure such as ().




-20—

The spatial configuration of the fluorene molecule is
still a matter of dispute. From timeto time many workers
have reported widely different melting points and proper-
ties for the apparently same derivative and these have been v
assumed to be isomers. Two theories exist regarding the
structure of fluorene., One is the‘uniplanar stfucture of
Pinck and Hilbert (46) and the other is that of Cook and
Iball (15) who proposed that the planes of the smix-membered
rings are incIllined at an angle of 20° to the plane of thke
five-membered ring. According to the latter theory there
would exist not only isomers of monosubstituted fluorene

compounds but also isomers of such compounds as (XXIX).

: P o l
| \J\ s Y |
C (A xI%)

no Sx

These isomers are possible since substitution at the
9 éarbon atom can produce isomers depending on whether the
subétituent is cis or trans to the inclined six-membered
rings. All efforts to resolve these isomers have failed
making the possibility of resolving non-planar compounds

remote,

v However recently Ray and Kreiser (51) have succgeded
in resol&ing 9-hydroxyfluorene-2-carboxylic acid (XXX) and
methyl 9-aminofluorene-2-carboxylate (XXXI) into their




isomeric forms. The former was accomplished using strych-

nine,

~ Xy
"/:'\/H '/ ~H

-~
C .
~-CoH Z=COLH,

(xxx) | - (xxxy)




‘II.  EXTENSIONS OF THE REFORMATSKY REACTION.

@Jhydroxykesters have been prepared by the condensat-
ion of an d-halogen ester and an aldehyde or a ketone in the

presence of zinc., This is the well known Beformatéky re-

action (5%). The orginal reaction was carried out with

acetone and ethylchloroacetate.

CH,(  Zn CH,( _oznan
,C=0 + wenecoert — . ¢
CH, 2 T2 CHy~ N CHLOER
HO
CCH,. _OM |
3 C./\
CH,” T CH,COEL

(XXX$)

The product an B-hydroxy ester is ®-hydroxyisovaleric ester

(XXX11).

- Occasionally the final product is not the hydroxy ester
but the corresponding unsaturated one., This has been foundq

to be the case with fluorenone and ethylbromacetate (63).




C.H,~ _ » _
lc6 ‘: _CO + prcHeogt _Zn | GM, < s O
© CH,~ DaHcoEk

| AO-
P e
,C=CHCOEX

CH,

(xxXx\v)

Using benzene as the solvent the isolated product was

fluorenylidene acrylic ester (XXXIV).

With some ketones the yieids in these reactions are
relatively poor because of side reactions. Hussey and’
Newman (37) have made a study of the yields of the Refor-
matsky products and they reported a three to four fold
increase in the products by using a three fold excess of

bromester and a large excess of zinc,

The Reformatsky reaction is not only a method for

preparing -hydroxy esters and the corresponding unsatur-

ated esters and acids but also is a convenient procedure for

lengthening the carbon chain. The versatility of this re-

action is fully discussed in "Organic Reactions® Volume I,

~

Chapter I, by R. L. Shriner.

‘Although this reaction has been generally carried out



—14-

with d-halogen esters,’synthesiSHinvolving'other halogen
esters have been reported. Haberland and Heinrich (31)
have extended the reaction to ®-halogen esters. They con-
densed 6-methoxytetralone (XXXV) and ethyi @-bromopropion-

ate using finely divided magnesium. Toluene was used as

the solvent. The final product after hydrolysis and red-
uction was §~(6-methoxy-3,4=dihydro-l-naphthyl) propionic
‘acid (XXXVI).

O O, CHCWIOH | °"‘=“-“ LCOM
= ~\//\\
(i) — J/ ( ]
VA . ‘ \/\
C&Qb
(xxxv) . | (X%XVY)

Rec en‘bly ¥-(2-methylcyclohex~l-enyl) butyric acid
(XXXVIIT) has been synthesized by condensing 2-methyl

cyclohexanone (XXXVII) with methyl ¥ -bromocrotonate and

amalgamated zine (16).

CH3 r\ CH, -
C. —-—->
O:(, + BrCnoH=th \,Lcn CH=CHCOEH,

‘ : . OW
(xx%vw) (xXxvIM)

The use of ¥-bromocrotonic ester was previously accomp-

lished by Ziegler, Schylmann and Winkelman (75) who used

benzaldehyde as the carbonyl compound.

The use of &-halogen egsters of dibasic acidslhas\béen




a;ttempted; by Gilbert (27) Who used s:everal. ketones and
ethyl bromomalonate., In all of their a,tvt'empted reactions”
the desired product was not obtained, For example, benzo-
phenone and ethyl bromomalonate did not give the corresp-
onding hydroxy ester (XXXIX), the only products isolated

being the unchanged ketone and the halogen ester.

CH | QM o« oH
c, HS/C O + BrCH (co;ﬁt)z - CH.  NeH(cogy),

(xx%xix)
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ITT. SUBSTITUTED BARBITURIC ACIDS

The derivatives of barbituric acid or malonyl urea

(L),

<L(DPAF\\\
/
(XL)

cr” C=0

*NconH

have found extensive use as hypnotics and were introduced

into therapeutic use by Fischer and von Mering.

No satisfactory theory has been proposed for the re-
lationship between physiologicél»activity and chemical
constitution., Nor is the mechanisnm of the action of the
barbituric acid serieé known. The acﬁivity of the differ-
ent homologous substituents in the barbituric acid series

has been diScuSsed in several literature references (61).

The method of Fischer and Dilthey (23) is generally

employed for the preparation of these acids. The proced-
ure involves a condensation between an alkyl halide and

malonic ester with sodium ethylate as the condensing

agent, The resulting alkyl malonic ester (usually a high

bdiling 0il) is then condensed with urea to give the des-



ired substituted acid (XLI).

"RBr + (‘.\-\/ CaLL la—oji* R- Q‘;\/ o
Ncoet ~Coen
COEL  HNH VA
R— CH x CO —— RCH Lo
Scogx  Hnw7 ~Conu
(xXry)

A second alkyl group may then be introduced by rep=-
eating the malonic ester condensation or as in some cases
if the two alkyl groups are the same only one operation is
necessary. The final product is a 5,5-dialkyl barbituric
acid (XLIT). ‘

R, /CONH\ -0

R, N conn 7
‘ Qu,u)

. Many variations of these acids are possible through
chéngés of Bi and 32 substituents and investigationS“in
this field have been undertaken to determine combinations
of different substituents which would afford a better

therapeutic action and clinical advantages than do the

products now in use.




-28-

Although; in general, the substituents are introduced
into the malonic ester before it is condensed with urea to
form the substituted acid, many of the complex barbiturates
have been synthesized from the monosubstituted acids and
even from barbituric acid itself. This is possible bec-
ause the second substituent enters the 5-carbon atom more
readily than.the first, For eéxample, the alkyl allyl
barbituric acids have been made by dissolving the mono-
alkyl barbituric acid in sodium hydroxide solution and
the allyl bromide added gradually (69). In fact this
procedure was originally used by Fischer and Dilthey (23)
who obtained diethylbarbituric acid (Veronal) from ethyl-

barbituriec acid and ethyl iodide.

This modified procedure has an advantage over the
classical method in view of the faet that yields of sub-
stituted malonic esters are occasionally low., This fact
in addition to the low yields obtaineé in the uréa cond~-
ensation prompted Cox and Houston (19) to prepare the 5
monosubstituted barbituric acid directly from barbituric
acid itself They obtained good yields of S—acetonyl bar-
blturic acid (XLIII) by condensing barbituric acid with
chloroacetone using sodium acetate as the condensing

agent,




/ N
CH ' coOo + Q4 CH;QQCH5—~—+, QH,SCOCH&C:\ . /,QQ
\ﬁ / . cConn
CONH

(X))

Copper sulphate (12) in place of sodium acetate has
been used as a condensing agent for the preparation of 5,53
allyl fufurylbarbituric acid. It appears therefore that
these modifications have a much wider appiication than at

first realized.



DISSCUSSION OF RESULTS

I. THE.REFORMAESKY REACTIONS WITH FLUORENONE

The condensation of aldehydes and ketones with o~
halogen esters in the presence of zine, namely the Refor-
matsky reaction, is one of the most useful reaction in
organic syntheses. It i1s useful not only for the prepar-
ation of hydfoxy and unsaturated esters but in particﬁlaf

for the preparation of longchain ketones and aldehydes (2).

The application of the Reformatsky reaction for the "
preparation'of 9-substituted fluorenes has not éppeared in
the literature and since only a few 9-Ffluorenyl ketones
are known it was considered of interest to initiate an |
‘investigation into the synthesis of these compounds by
determining the nature and yields of the Reformatskyvprqd-.

ucts with fluorenone.

One general method of preparing ketones may be ind-

icated schematically as follow:

N\ Zn : ——
€0+ GREOET —— o _Cocugcogt

Br

R
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A. SYNTHESTIS OF FLUORENYLIDENE ACRYLIC ESTER (XLIV) AND

ETHYL ek (9-HYDROXYFLUORENYL) PROPIONATE (xIv).

rhe"present'work was ﬁndertaken in order to determiné
whefher the hydroxy ester or its corresponding unsaturated
ester could be obtained in sufficient yields to warrant
it use fér further synthetic purposes as ouflined above,
The reactions were carried outiith ethylbromoacetate and

ethyl &-bromopropionate.




CH | CH .
" co + cHecogr 2, |7 * cocrcogt
H/ v

CH~
o Br e (XLAV)
CH CH~ OH
e ex 2o, |\* *C
élii c;()f# C]is(%t\CAD - Cﬁ&{‘/ CJ%(:Cgﬁft
(3 . \
Br cH

v 5
(iuv)

Fluorenone was prepared by the method Huntress,
Herschberg and Cliff (33) with the added modification
whereby less acetic acid was used to improve the yield.
The yield may also be slightly improved by gently dist-
1111ng off part of the solveént.

In the first attempted reaction with fluorenone and

~ ethylbromoacetate the results ofSieglitz and JaSsoy'(éé)'
were confirmed and it has been found that a better yield

~ is obtained by using a mixture of toluene and benzene to-
gether with a excess of the zinc and the ester. For
twenty grams of fluorenone it was found advisable to use a
larger amount of the zine than is described in the literaf-
ure, The procedure in the literature was repeated giving
a yield of 71% of the pure product whereas with an excess

of ziné a yield of 82% was obtained.




.It has been found that with ethylbromoacetate and
ethyl &~bromopropionate the yields of the unsaturated
- ester and the hydroxy ester derivatives respectively were
comparatively good. The main difficulty encountered in these
reactions occurred during the recrystallization of the
crude product. 'Long standing in the cold was nécessary

before crystallization was complete.

B. REFORMATSKY REACTION WITH ETHYL B-BROMOPROPIONATE..

Although the Reformatsky reaction is generally carr<
ied out with d-halogen esters an attempt'was~made"to;ex-
tend this condensation with a $-halogen ester. The 1lit-
erature records only 6né~instance<(27) where this exten-
sion has been successful., In this present work the attem-

pted condensation was that of fluorenone and ethyl $-bromo--

propionate.
CH | | Cc. L\ __-OH
G AN zZn d
é:“H/QO + (‘:HaCHZC‘(),_'E,t —_— CH/C\CH cH cott
"

Br

This reaction was first attempted with zine turnings
as well as magnésium turnings without succéss; The re-
action was then repeated‘with a zinc coup;e ﬁg a benzene-
toluene mixture as the solvent whence a faint reaction wags

observed., The final product obtained was a colourless




crystalline solid melting at 258-259°C. and énly. slightly

soluble in most organic solvents.

Analysis of the isolated substance gave C, 82.57%
and H, 6.47%, whereas the theoretical percentages based
on the hydroxy ester are C, 76.54% and H,-6.43% and that
of'the corresponding unsaturated ester C, 81.78% and H,

6.11%.

Since combustion analysis indicated the product to
be the unsaturated ester rather.han the hydroxy ester
" further identification was attempted. Sodium fusion
analysis indicated the absence of any halogen whereas tests
with acid permanganate solution ws well as with bromine

' water did not give the characteristic reactions for unsat-

uration.

However Borsche énd Nieman (11) have_pregared the free
- acid by an indirect method énd have repofted the melting’
point of the unsaturated acid as 202-203°C. if recryst-
allized froﬁ hot benzene. To confirm the presence of the
usaturated ester saponification of the ester to the free
acid was attempted using 30% potassium hydroxide solution.

The compound isolated gave a melting point of 243-245°C,

recrystallized from hot benzene. Combustion analysis gave

C, 78.21% and H, 602)*“%0 ’



Qualitative analysis with acid permanganate and
bromine solution gave no indication of unsaturstion and
with sodium bicarbonate solution a negative test for the
free acid group was obtained. The presence of any active

ketonic group or enol group could not be detected. e

Before further identification and analysis of the
ester and the hydrolysis product can be carried out a
'comprehensive study of the possible side reactions in this
condensation would be necessary. Moreover it would appear e
from the result of tﬁis particular case that the main
product obtained was - not the normal Reformatsky product
but a ﬁroduct of some undetermined side reaéfion involv-
ing bothe thefketéne and the halogen ester, The possibility
of halogen esters which have been found in other Reformatsky
reactions can be, at least in this instance, be ruled out
since qualitative testé*did not show the presence of any

halogen. Other possibilities include complex self-conden-

sations of the bromo-esfér to give non-halogenated K-keto

esters which have been reported by Hussey and Newman (37).

Identification of the original product as well as the

compound obtained from the saponification would require a

more detailed analysis and with the time available was be-=
yond the scope of the investigation. However in view of
the. uncertain nature of the results obtainedit would seem

profitable to investigate the Reformatsky reaction ofeéthyl



g <bromopropionate with several otheractive ketones in

order to determine the nature of the products.

C. REFORMATSKY REACTION WITH BROMOMALONIC ESTER..

The condensation between ketones and bromomalonic
ester has been previously attempted without success (27).
In view of the reactivity of fluorenone it seemed profit—
able to attempt the reaction with fluorenone with a view

to preparing the hydroxy ester (XLVI).

CH G oM
“ *Yco = ﬁH(COzE-t) i, C,"g\ y
CH™ 2 GRS ~cn(cog)

e 4
Br (RLv)

Although é vigorous reaction was observed the desired
'vproduct could not be isolated. The final product, a vis-
cous heavy 1iquid,'distilled over an indefinite range of
temperature under reduced pressure; The only distillate
which could be identified was fluorenone boilingat 220
2269C./20 mm. snd melting at 82-83°C. However it is of
interest to note that of the original 20 grams of the
ketone used only 6.2 gramS‘were recovered. The resgiduzl
broduct sincé impure WéS'hot subjected to any fuither rig-

- orous analysis.

The fact than an appreciable amount of the ketone used




~was not recovered indicates that a side reaction involving
fluorenone and probably induced by the presence:of-a zine
complex as taking piace. This has been observed with

- dertain ketones (2).

II. ATTEMPTED. FRIEDEL-CRAFTS SYNTHESIS OF FLUORENE-9,9-

DICARBOXYLIC ESTER (XLVII)

The literature affords only two examples where bi
phenyl compounds have been converted to fluorene derivatives-
by the Friedel-Crafts reaction. P. Adam (1) obtained fluo-~
rene itself from dichloromethane and biphenyl. -Dutt (21)
appears to be the first investigator to apply successfully
- Adam's method; The mechanism of the reaction in both cases

has not been reported.,

~

Since the literature records no example of the syn-
thesié of 9-fluorene esters by Adam's method an gttempt was
made to prepare fluorene-9,9-dicarboxylic ester (XLVII)
from biphenyl and ethyl dibromomalonate. |

co £t | l:] oLt

+ C”\ : ,be’ SCOLN
a. Cogt . IU 2
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vEthyl dibromomalonate was prepared by the direcf
bromination of malonic ester using tﬁo moles of bromine
with red phosphorus as é cataljst.- It is customary to
prepare the dibromo ester from the intermediate monobromo
| compound but the procedﬂre'adopted gave the dibromo prod-

uct in good yields.

In the attempted Friedel-Crafts synthes133éluminum ’

chloride in emcess of the-twq moleS”requiréd.were used for

every mole of biphenyl. The reactions carried out with
severél.modifications did not appear to'be spontaneous and
therefore the reactants were refluxed with stirring. A
vigorous evolution of Hgdrogen bromide occurred during the
initial refluxing period and upon the usﬁal treatment of the

dafk.brown aluminum complex intermediéte,the desired ester

was not isolated.

This isolation was first attempted by fractional dist-
illation under reduced pressure. The distillated collected i
a1l boiled over indefinite temperature ranges giving dark
red liquids which failed to solidify. Analysis of the
 distil1ates indicated the presence of some unchanged dibro-
momalonate as well as other undetermined halogen compoundsQ
The heavy residue was dissolved in aAminimum amount of
absolute alcohol and left in the cold for several days.

 The precipitate obtained was identified as unreacted bi-
phényl, m.p.‘66~68°. Fluorene-9,9-dicarboxylic ester has



been reported te melt at 99.5° (11).

Although only a cursory investigation of this reaction
was possible it appears that a more detailed study would
be in order in view of the fact that this Friedel-Crafts
synthesis ifsuccessful would be capable of various eiten4
sions into other~dihalogeﬁ esters such as dichloroacetic,
dichlorosuccinic etc; and this constitutes an entirely

new approach for the preparation of fluorene acids.

IiI} THE SYNTHESIS OF FLUORENYLBARBITURIC ACIDS.

The cla331cal method of Fischer and Dilthey (23) was
used whereby monofluorenyl malonlc ester was condensed with
urea in the presence of sodium ethylate as the condensing_
agent., The steps involved in the synthesis may be indic-

ated schematically as follows:

. - C |
?@*XQ\CKD Uﬂ "oﬂk C, _Rn
CH7 | : CH, \.0*‘
Hﬁv
cH. n

c ~
cH~ B
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cH.” S conn’

~  The reduction of fluorenone to fluorenol was accomp-—
lished with aluminum amalgam according to the method of
Cohen (14). Conversion:of the alcohol to the halide was
carried out by a solution of 48% hydrogen bromide in gla-
~cial acetié acid giving 9-bromofluorene. This bromination
has an advantage in the fact that the product which separates
during the reaction requires no pecrystallization. The
corresppnding chloro-compound was obtained in gobd yields
using thionyl choride. Howéver since the bromo prbduct
was more readily ?repared it was used in the remaginder of

this investigation.

The success of the condensation between 94bromoflﬁorene
and malonic ester uéing sodium ethylate as the condensing
agent was found to depénd upon the nature of the absolute

aleohol used. Ordinary absolute alcohol (99%) was treated




further with magnesium turnings and a little iodine and

this super-dry alcohol was used immediately. The resul-
ting monofluorenyl malonic ester was collected over a 50
range under reduced pressure since it was found that at
temperatures slightly above this range traces of a yellow
halogen product distilled over. The disubstituted malonic
esters were prepared with similar procedﬂres although they
gave poor yields. Attempts to prepare difluorenyl malonic

ester were unsuccessful,.

The urea condensations of monofluorenyl and ethyl fluc-
renyl malonic esters both gave colourless crystalline solids
melting at 232-2340 and 240-243° respectively. The pre-
sence of nitrogen was confirmed in both compounds but time

was not availab%e for a quantitative determinagion.

In“vieW'of the low yields in the urea condensation an
attempt was made to synthesize the monofluorenyl barbituric
acid by conéensing barbituric acid itself with 9-bromofluo-
rene in the presence of sodium acetate. Barbituric acid
was prepared by the method described by A. I. Vogel (79) and
also by condensing malonié ecid and urea in the presence of

acetic anhydride.

As a possible extension of the latter method conden-
sation bétween malonic ester and urea with acetic anhydride

was attempted. The reaction was first carried omt at 120-
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1250 but the isolated product was monoacetyl urea melting
‘at'2l7-218°. This reaction between urea and acetic anhy-
dride has previously been reported by Hugershoff (32) and

also by Kohmann (39). The temperature was then lowered

to 90-95° using a trace of concentrated sulphuric acid
as a catalyst whence a very small amount ofvbarbiturié acid
m.p. 242-24%° was obtained. The use of sodium ethylate as

the condensing agent gave the best results.
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EXPERIMENTAL

I. OXIDATION OF FLUORENE TO FLUORENQONE .

In a three-litre round bottom flask equipped with a
500 ml. dropping funnel and a-long condenser (reflux) were
*pléced technical fluorene (200 grams) and technical gla-—
cial acetic acid (250 ml.) and the mixture heated to
boiling. Through the droppingfunnel a warm solution of
sodium dichfomate (590 grams) in glacial acetic acid (650
ml.) and water (200 ml.) was added slowly so that the
boiling-wés uninterrupted and no permanent precipitate
appeared. When this addition was complete the solution
was refluxed for at least fhree and one-half hours whence
upon cooling the liquid, it was poured into three/litres
of ice-water mixture and then allowed to stand for tWo

hours.

The resulting yellow precipitate was filtered through
a fine cloth and washed first with water containing é little
sulphuric acid and’thenvseveral times with water and air.
dried. The air dried crude product was distilled under
- reduced pressuré from a 506 ml. Claisen flask containing
somé glass woél to prévent bumping. The temperature of
distillation was disregarded since suﬁsequent recrystall-
ization removed the residual impurities. Distillation

was discontinued when the distillate acquired an orange




tinge. The yellow product was cooled and dissolved in a-
minimum amount of benzene and preecipitated by slowly adding
twice its volume of petroleum ether. On standing bright
long yellow crystals of fluorenone separated. These Were.
filtered and the mother liguor concentrated to give addit-

ional product. Yield, 143 grams melting at 82-83°C.

IT. BEFORMATSKY REACTIONS WITH FLUORENONE.

A, SYNTHESiS'OF FLUORENYTLIDENE ACRYIIC ESTER.

In a 500 ml. three necked flask provided with a stirrer,
dropping funnel and a reflux condenser was placed freshly
cleaned dry ziﬁc turnings (12 grams) and.a’éolution of
fluorenone (20 grams) in dry benzene (40 ml,) and toluene
(30 m1l.). A crystal of iodine was added to this solution
and through the dropping funnel ethylbromoacetate (28

grams) was added dropwilse and on warming the flask momens

tarily a vigorous reaction set in., The stirrer was set-in

‘motion and the halogen ester added slowly to maintain

gentle refluxinge.

After all of the ester has been added the resulting
dark ﬂrown mixture was refluxed for two hours on a water
bath, hhesstirring being uninterrupted. Then the mixture
was.tfeated with cold dijute sulphuric aeld, the aqueous

1ayer'separated and the benzene-toluene layer washed



several times with water then dried over anhydrous'sodium

sulphate

When dry, the solvent was removed by distillation
and the residue, a very viscous brown liquid, was dissolved
in absolﬁte alcohol and left in the refrigerator for sev-
eral days whence yellow crystals of the product separated.
These were recrystalliéed from absolute alcohol giving bri-
ght fluffy crystals melting at 74-75°C. Yield, 23 grams
(82%) .

B. SYNTHESIS OF ETHYL dé(94HXDROXXFLUORENYL) PROPIONATE,

Fluorenone (20 grams), ethyl «-bromopropionate (28
grams), freshly cleaned zinc turnings (15 grams), and dry
benzene (80 ml.) were used as before, After the initial
vigorous reaction subsided the miiture was refluxed for
two1hours. The residue aftér distillation of the solvent -
was a very viscous ofange-yellow liquid. which failed to
solidify even aftér standing for one week. The heavy oil.
was dissolved in absolute alcohol and after six days stand-
ing in the cold pale yellow crystals separated. These
were recrystallized from absolute alcohol givingvwhite
crystals melting at 81-82°C. Yield, 23 grams (75%). '
Mnalysisz Calculated as CygHjg0st C, 76.59% H,6.38% .

Foundy c, 75.22% H,6.14%.
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C. THE REFORMATSKY REACTION WITH ETHYL B-BROMOPROPIONATE.

This reaction was first attempted with pufe zine
turnings used in the previous reéctions and also with
Grignard magnesium turnings but in both cases after re-
peated trials no reaction was detected. The condensation
was then attempted by means of a zinc couﬁle, This couple
was prepared by gently heating a‘small amount of solid
mercuric chloride and freéshly cleaned zinc turnings in an
" Erlenmeyer flask so that the mercuric chloride sublimed on
the surface of the metal. The couple was stored in dry

toluene ready for use.

Fluorenone (20 grams), ethyl g-bromopropionate (34
- grams), zinc couple (15 grams); and dry toluene (70 ml.)
were used according to ‘preceding prbcedurés, A very faint
initial reaction was observed. The reaction mixture was
refluxed for.six hours, cooied, then hydrolyzed with cold
dilute acetic acid when colourless crystals separated out.
These were filtered, washed with cold benzene. Yield, 3.4

grams m.p. 256-258°C.

The benzene washings were combined with the main
toluene solution and the aqueous layer separated. This
aqueous layer washed with benzene and the benzene
solution combined with the main portion and #tiéd over

anhydrous sodium sulphate. After removal of the solvents:




additional products appeared.

The product was recrystallized from a large volume
of boiling benzene giving colourless crystals melting at

258-259°, vYield, 6.9 grams.

ANATLYSIS OF THE PRODUCT

" (a) Sodium fusion analysis gave no indication ofhalogens
present.
(b) Negative unsaturation tests were obtained with acid
permanganate solution and with bromine water, |
(¢) Attempts to detect any active ketonic group by means
-of phenylhydrazine addition products failed. _
(d)‘ Attempts to detect the presence of free enol groups
with cold ferric chloride solution failed,
(e) The product obtained was difficultyly soluble in
ether, benzene, chloroform,-acétone, alshohol, carbon
tetrachloride and petrole?m-ether‘at room temperature

but soluble in 1,4-dioxane.

Combustion analysis of the ester recrystallized

from boiling benzene gave:

Founds c, 82.57% H, 6.47%.
Calculated as hydroxy ester CygHig03t C, 76.59% H, 6.38%.

Calculated as unsaturated ester C;gH,.0Oot c, 81.78%
| H, 6.11%.
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Saponification of this product to the free acid was

attempted with 30% potassium hydroxidé solution and 1,4—dio--

xane as the solvent. Hydrolysis with sulphuric acid gave
a white solid melting at 243-246°C. recrystallized repeat-
edly from hot benzene. Analysis of this product gave
identical results as the original prqduot and tests with
sodium bicarbonate.solution to detect the free acid group
showed negative results. Combustion analysis gave thev

following results: C, 78.21% H, 6.24%.

Because of the limited time available further efforts
to analyze these products were abandoned but it is hoped
that 2 more detailed investigation on this reaction will be

made in the future.

D. THE REFORMATSKY REACTION WITH BROMOMALONIC ESTER

Bromomalonic ester (20 grams), fluorenone (10 grams),
dry benzene (50 ml.) and zinc turnings (6 grams).werev
treated as in the previous Reformatsky syntheses. A
vigorous reaction was observed, cooling being necessary |
and givihg a dark brown liquid. After hydrolysis and re-
moval of the solvents attempts were made to isolate any
possible products by fractional distillation under reduced
pressure but the distillates obtained were all coloured and

boiled over at an indefinite range of temperature., At 220-

%




225°/20 mm, fluorenone distilled over and this was diss=
olved in benzene and reprecipitated with petroleum ether.

Yield, 6.2 grams. M.p. 83-84°C..

11 grams of 1iquid boiling at 152-194°/20 mm. were
also collected. Efforts to separate this fraction inte
its'components by further fractional distillation were
. fruitless and the distillates collected over this range

all whowed the presence of halogen.

It appears that the previous results obtained with
this bromoester apply equally well to fluorenone. However:
it should be noted that less than half of the ketone used

was recovered,

ITI. ATTEMPTED SYNTHESIS OF FLUORENE~9,9-DICARBOXYLIC ESTER.

Synthesis of fluorene-9,9-dicarboxylic ester was att-
empted using dibromomalonic ester and’biphenyl with an

excess of anhydrous aluminum chloride.,

K. SYNTHESIS OF DIBROMOMALONIC ESTER.

In a 500 ml. two necked flask fitted with a reflux
condenser and a separatory funnel with a fine tip were

placed ethyl malonate (80 grams, 0.5 mole), carbon tetra-




Chloride,(loo ml.), and red phosphorus (0.9 grams)., In
the separatory funnel freshly dried bromine (165 grams,
1.02 mdles) was placed and ten mls. of bromine run in with
intermittent shaking. Witha slight initisl warming a
vigorous reaction took place whence the rest of the brbmine
' was added gradually so that gentle refluxing was maintained.
When this addition wascompleted the mixture was refluxed
until hydrogen bréﬁide was no longer evolved. The mixt-
ure was cooled, washed four times with 50 ml. portions of
5% sodium carbonate solution and finally with water, then
dried over anhydrous sodium sulphate. Distillation under
reduced pressure gave 132wgrams of colourless liquid, b.p.

169—1710/33 mm., Yield based on mslonic ester,~83%,

B. ATTEMPTED FRIEDEL-CRAFTS SYNTHESIS.

A mixture of biphenyl (7.7 grams, .05 maéles), dibro-
momalonate (15.9 grams, .05 moles),vénd anhydrous aluminum
chlofide (14,7 grams, .10 mole plus 10%‘exée35‘), with dry
carbon bisulphide (30 ml.) were refRuxed for eight hours
in a 500 ml. two necked flask fitted with é:mechanical
stirrer and a reflux condenser with a hydrogen bromide,
trap. After the evolution of hydrogen bromide ceased, the
solvent was distilled off and the resulting pasty aluminum
intermediate poured slowly over a mixture of’cracked ice
and hydrochloric acid, The aqueous mixture was extracted

twice with 30 m. portions of benzene and washed twice with




water, once with 10% sodium hydroxide and twice more with
water until the final water washings were coiourless.' The
final benzene extract was dried over anhydrous calecium
chlbride and the benzene distilled off. The residue was
heated to lgg§/35 mm. whence a dark red liquid distilled

over., Distillation was continued up to 175°/35 mm. since

no sharp boiling point ranges were obtained. Yield obtain- -

ed Brom 120-175°/35 mm., 6.2 grams.

Distillation was discontinued at 200°C. The residue
was cooled and digested in a minimum amount of hot absol-
ute alcohol and filtered. From.the filtrate 3.6 grams of
biphenyl melting at 66-68°C. were isolated. The}insoluble‘
product when heated on a.nickel spatula left a residue |

containing aluminum compounds.

A.cursory anaiysis indicated that the fraction dist-
 illing at 120-1759/35 mm. contained unchanged dibromomal-
onate in addition to other halogen compounds but no fluo-

rene-9,9~-dicarboxylic ester was isolated.

In the second attempt the mixture of biphenyl, anhy-
~drous aluminum chloride (.10 mole plus 25% excess ) and
carbon bisulphide was heated to the boiling point of the
solvent and by means of an addition tube a solution of di-

bromomalonic ester in carbon bisulphide (20 ml.) was added -

slowly through the course of two hours after which the mix-




ture was refluxed for eight hours. This modification gave

almost identical results obtained before except that only

v2,9'grams of biphenyl were isolated.

Use of 50% excess of aluminum chloride appeared to
alter the reaction very little except that a larger amount
(8.2 grams) of the fraction boiling at 120-175°/35 mm.
was obtained. Analysis of this fraction indicated the
preéence of some unchanged dibromomalonic ester plus other
unknown halogen containing compounds., Attempts to deteré
mine the components of these halogen compounds by means
of fractional distillation failed since no sharp boiling

point ranges were obtalned.

Three trials were made in each of the three reactions
but in all of the nine attempts no fluorene-9,9-dicarboxy-

lic ester could be isolated.




IV. SYNTHESIS OF FLUORENYL BARBITURIC ACIDS.

A. REDUCTION OF FLUORENONE TO FLUORENOL.

To a solution of fluorenone (20 grams) in 80% ethyl
alcohol (220 ml.) freshly prepared aluminum amalgam was
-added. The latter was prepared as follows: Freshly
cleaned alimunum turnings (40 grams) were stirred in a
5% mercuric chloride solution for a few minutes and then
washed gquickly with cold water followed by alcohol. The

amalgam thus prepared was used immediately.

The addition of the amaigam_to the alcoholic solution
gave a vigorous reaction. When this reaction subsided the
mixture was refluxed for two hours. After cooling, the
grey insoluble mass was filtered and washed several times
with 95% alcohol and the filtrate distilled until all of the
solvent was removed leaving & white solid residue. The
residue was dissolved in ether and then precipitated with
petroleum ether giving ﬁooly crystals. Yield, 17.1 grams

(85%), m.p. 156-157.5°C.

When 20 mesh aluminum metal (55 grams) were used in
place of the metal turnings 16.7 grams (80% yie;d) of

fluorenol were obtained,
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B.  SYNTHESIS OF 9-BROMOFLUQRENE,

Fluorenol (17 grams) was dissolved in glacial acetic
acid (180 ml.), the solution being kept ag 609C. To this

warm solution 48% hydrobromic acid (40 grams) were added

with stirring. The resulting solution was kept at 60° for
one hour with intermittent shakingand left at room temp-
erature overnight whence colourless crystals separated.
The mother liquor was‘decanted off and to it an equal vol-
ume of cold water added giving additional crystals. The
combined products were washed several times with alcohol
and dried. Recrystallization was unnecessary. Yield,

16.8 grams (74%), m.p. 103-104°C.

Neither the use of hydrobromic acid in excess(of L0

grams nor higher temperatures of reaction increased the

yield.

.C.. ~ SYNTHESIS OF MONOFLUORENYIL MAIONIC ESTER.

Ausolubion of 9—bromofluorene'(18 grams) in dry benzene
(100 ml.) was added gradually to a chilled solution of sodio-
‘malonic ester prepared from malonic ester (26.8 grams),
absolute alcoholu(9§.8%, 110mI.) and sodium metal ( 2.9
grams). The entire operation was carried out'in an atmos-

phere of nitrogen.



- When the addition was complete. the mixture was

refluxed on a water bath for three hours after which the
alcohol and benzene were slowly distilled off and the
residue was cooled, treated with cold water and the oily
layer washed with water, then extracted with ether and

dried over anhydrous calsium chloride.

Fractional distillation gave a pale yellow liquid

boiling at 142-1%5°/1% mm. Yield, 16.8 grams; (70.5%).

Mnalysist Founds C, 75.34%  H, 5.81%.
Calculated: }C; 75.00% H, 6.03%.
(as CZOH2OO4)

In order to prepare the difluorenyl malonicester the
babove=procedure was repeated using twice. the amount of 9-
bromofluorene (36 grams) and sodium (5.8 grams). Only the
monoflucrenyl ester (13.2 grams) distilling at 125413OQ/5;6

m. was collected and identified.

D. SYNTHESIS OF AIKYIFLUORENYIL MATONIC ESTER.

Ethylfluorenyl malonic ester and n-butyl malonic ester

were synthesized as in the preceding procedure using the
| aikyi substituted malonic ester, ethyl malonic ester
(18.8 grams) and n-butyl malonic ester (21.6 grams) resp-

ectively with sodium (2.3 grams), 9-promoflucrene (24,5



grams), absolute alcohol (99.8%, 50 ml.) and dry bengzene

(90 mI.). The products obtained werets

(1) Ethylfluorenyl malonic ester, b.p. 152=157°/13 mm,
Yield, 16.2 grams (46.0%).

Analysist '
Founds C ’ 7 5't)+l% H, 6 .“56%0«

Calculated:  C, 75.00% H, 6.82%.
(2) n-Butylfluorenyl malonic ester, b.p.. 169-175°/1% mm.

Yield, 13.9 grams (36.8%).

Mnalysist ' '
Found: c, 76.184r H, 7.05%.

Calculated : G, 75.79% H, 7.37%.
(as 02)-1-1{280)-1-) )

E.  THE FLUORENYIBARBITURIC ACIDS.

(1) MONOFLUORENYLBARBITURIC ACID

(a2) A mixture of sodium (1.15 grams) diséolved in ab-
solute alcohol (99.8%, 60 ml.) with fluorényl malonic
ester (8.1 grams) and dry urea (1.5 grams) was heated at
105-110°C. for eight hours. The alcohol was then slowly
distilled off, the residue dissolved in water and made
acid to Congd red with hydrochloricacid. Colourless

crystals melting at 232-2340C, were obtained. Yield, 2.9

grams,




(b). SYNTHESIS OF BRBITURIC ACID WITH ACETIC. ANHYDRIDE

In a 500 ml, flask provided with a reflux condenser

" and an addition tube, urea (30 grams ) was dissolved in
glacial acetic acid (120 ml.) followed by malonicester
(40 grams). The mixture was heated to 90-95°C. and thro-
ugh the addition tube freshly redistilled acetic anhydride
(125'm1‘) was gradually added over a period of 65 minutes
with fregquent shaking.

When addition was completed the temperature was main-
tained at 9:950 for about twelve hours. The mixture was
cooled and the resulting precipitate filtered, washed with
cold water, dissolved in dilute cold sodium hydroxide sol-
ution, and made acid to Congo red with hydrochloric acid,
then filtered. After leaving the filtrate in the cold for
geveral hours barbituric acid precipitated. Yield, 5.9

grams (18.5%), meD. 2432245%¢,

If the temperature was raided to 120-1259, no barb-
ituric acid was isolated but 27.5 grams of menoacetyl urea

melting at 217-219°C. were isolated.




(c) SYNTHESIS OF MONOFLUORENYLBARBITURIC ACID WITH

SODIUM ACETATE

To a boiling solution of barbituricaasid (3.2 grams)
in water (30 mi.) containéd in a 250 ml,. two necked flask
provided with a reflyx condenser; é:hot,solution of 9=
bromofluorene (6.1 grams) and sodium acetate (2.7 grams)
in 90% alcohol (165 ml,) was slowly added over a period of
two hours, the:alcoholic solution'beihg always kept warm

aS'the;9ibromofluorene precipitated at room temperature.

When zddition was complete the mixture was refluxed
for three hours, then 50 ml. of the liquid distilled off
and upon cooling the reaction product precipitated out.
These'weré filtered and dissolved in cold sqdium hydroxide
solution and filtered again. The product was réprecipii
tated by making the filtrate acid with hydrochloric acid.
The precipitate was recrystallized from 40% alcohol giv-
ing colourless crystals melting a£ 233-2360C. Yield, 1.6

grams.

A,mixed melting point of this product with'that obt-~
ained in procedure (a) above gave né depfession. Qualit-
ative analysis shewed the presence ofvnitrogen but no |
halogen. Timed did not permit a quantitative nitrogen det-

ermination of the products obtained.



(2) ATTEMPTED SYNTHESIS OF ALKYLFLUORENYLBARBITURIC

ACID

(a) ETHYLFLUORENYLBARBITURIC ACID

A mixture of ethylfluorenyl malonic éster“(l7.6 grams),
dry urea (4.5 grams), and sodium (2.3 gréms) in absolute -
alecohol (20 ml.) was heated at 90-95°C. for eight hours
and treated as in the previous experiments. Colourless-
c?ystals'were obtained as the final product. Yield, 2.7
grams, m.p. 239-242°C.

Sodium fusion analysis of this product gave positive
nitrogen test but time did not permit a guantitative

determination.

| when the above procedure was repeated with the heating
continued for two days, 2.3 grams of colourless chstals
melting at 240-243°C, were obtained. This product gave
a positive nitrogen test and mixed melting point determin-

stions with the product obtained in (a) gave 237-240°¢C,

(b) n-BUTYLFLUORENYLBARBITURIC ACID

(i) n-Butylfluorenyl malonic ester (19.0'grams, ,05 mole),
dry urea (4.5 grams, .75 mele), sodium (2.3 grams, 05
mole) in absolute alcohol (25 ml.) were heated in a 250




ml, flask fitted with reflux condenser and calcium chlo-
ride drying tube by means of an oil bath kept at 95°C.

The mixture was heated for ten hours and then the alcohol
slowly distilled off over the course of two hours. The
contents of the flask were cooled, dissolved in cold water,
filtered, and méde acidic to Congo red with concentrated

. hydrochloric acid and left in the refrigerator for two days.
The solution was slightly yellow; Cry%als, palgvyellow

in colour were obtained, Yield, 0.8 grams melting at 2h45-
247,59C. vConcentrating the mother ligquor gave only a trace
of additional product. Recrystallization from 40% alcohol
gave crystals melting at 244-247°C, Sodium fusion of this

product gave a positive nitrogen test.

(ii) Heating the same reactants in (i) on an oil bath at
98°C. for two days gave (after recrystallization from 40%
alcohol) colourlegs crystals melting at 245-247°C, Yield,

1.3 grams,

(iii) To a mixture of urea (4.5 grams) and n-butyl fluo-
renyl malonic ester (19.0 grams) dissolved in absolute
alcohol (20 ml,) freshly distilled contained in a two
necked flask fitted with an addition tube and reflux con-
denser, a solutibn of sodium (2.3 gramg) in dry alcohol
(20 ml.) was slowly added through the addition tube, the
reactants beingheated by an oil bath kepted at 909, This:

required three hours and when completed the mixture was




heated at 85° for an additienal eight hours. Then the:
alcchol was slowly distilled off for two hours and the
mixture cooled and treated as before. The final product
after recrystallization from 40% alcohol géve colourless

crystals melting at 245-247.5°C. Yield, 1.8 graus.

Analysis of the product gave a positive nitrogen test.
Mixed melting point with the product obtained in procedure

(i1) sbove gave 241-2hk,5°C.

Time did not permit a quantitative determination of

nitrogen for the products obtained in the above experiments,
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presence of sodium ethylate is also outlined.

60—

SUMMMARY

The synthesis of fluorenylidene acrylic ester (m.p. 7i-
75°) and ethyl d;(94hydroxyfluorenyly propionate (m.p.

81-82°) by means of the Reformatsky reaction with fluo-

renone is described,

The extension of the Reformatsky reaction to bromo-

malonic ester and_éthyl @-bromopropionate with fluore- -

none has been attempted.

The preparation of fluorene-9,9-dicarboxylic ester from
dibromomalonic ester and biphenyl iﬂ the presence of
anhydrous aluminym chloride has been attempted without

success.,

The syntheses and isolation of fluorenyl malonic ester
(b.p. 125-130°/5.6 mm.), ethylfluorenyl malonic ester
(b.p. 152-1579/13 mm,), and butylfluorenyl malonic ester

(bepe. 169;1750/14 mm,) are given. The condensation of

these new substituted mglonic esters with urea in the
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