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The investigation 0}1253_;§§Et10n of diphenylketene with
2~benzylidene~l-hydrindone has resulted in the discovery of a
novel synthesis of polycyclic aromatic hydrocarbons, Diphenyl-
ketene reacts with 2-benzylidene-l-hydrindone to give as the maln
product, l-diphenylmethylene-2-benzylidenehydrindene, This hydro-
carbon, which has diradical propertlies, undergoes ring-closure
with spontaneous dehydrogenation in solution to give l:4-dliphenyl-
2,5-benzofluorens, l-Diphenylmethylene-2~benzylidenehydrindene 1s
a colourless compound giving yellow solutions. That the yellow
colour is not due to the tautomerism of this compound in solutlon
to the benzofulvene derivative, l-diphenylmethylene-2-~benzylindene,
is indicated by the fact that the 3:3-dimethyl derivative, prepared
by the reaction of diphenylketene with 3:3-dimethyl-2-benzylidene-
l-hydrindone, which cannot tautomerise, is a colourless compound
giving yellow solutions also, Like l-diphenylmethylene-2-benzyll-
denehydrindene, the dimethyl derivative undergoes ring-closure with
spontaneous dehydrogenation, to give 9:19-dimethyl-l:4-diphenyl-2,5-
benzofluorene, l-Diphenylmethylene-2-benzylindene was synthesised
and its solutions were found to be stable, confirming that there 1is
no equilibrium between it and l-diphenylmethylene-2~benzylidene-
hydrindene, Had there been an equilibrium between the two com-
pounds, then l-diphenylmethylene-Z2~benzylindene would have been
converted into l:4-diphenyl-2,3~benzofluorens through l-diphenyl-
methylene-2=~benzylidenshydrindene in solutlon,

A further example of the ring-closure with spontaneous
dehydrogenation of l-diphenylmethylene-2-benzylidene compounds is
the conversion of l-diphenylmethylene-2-benzylidenetetralln,
prepared by the reaction of diphenylketene with 2«benzylidene-l-

Use other side if necessary.



tetralone, into 3,4~dihydro~9,10-diphenyl-l,2-benzanthracens,

Attempted Wolff-Kishner reductlion of 2«bengylidens=s~
carboxy-l-hydrindone by the Huang-minlon method resulted in the
conversion of the hydrindone into 2-phenylnaphthalene derivetives,
This novel method of ring-enlargement may be capable of wider
application,

Diphenylketeone reacts with 2-benzylidene-3-carboxy-l-
hydrindone to give the mixed anhydride, which on heating undergoes
ring-closure splitting out diphenylacetic acld to glve 4-hydroxy-
2,3-benzofluorenone, This reaction not only furnishes a novel
synthesis of hydroxybenzofluorenones but proves the configuration
of the bengylidene group in 2~benszylidene~S-garboxy-l-hiydrindone.

Diphenylketene forms an adduct with indene which on alkali
hydrolysis gives l-benzhydrylhydrindene-2-carboxylic acid, The
acid, on intramolecular cyclisation, gives l-keto-4-phenyl-lid:da:
fa-tetrahydro-2,3~benzofluorens, This is proven by the fact that
the ketone on treatment with anisylmagnesium bromide, followed by
dehydration and dehydrogenation, gives l-anisyl—d-phenyl-z,S-
benzofluorena, identical with the hydrocarbon obtgined by the
ring-closure with spontaneous dehydrogenation of l-diphenyl-
methylene~2~anisylidenshydrindene, prepared by the reaction of
diphenylketene with 2-anisylidene-l-hydrindone., The proof that
the diphenylketene-~lndene adduct is 2,3-benzo-f-keto-7:7-diphenyle
bicyclo- [3,2,0] ~hept-2-ene illustrates another novel synthesis

of polyecyelic aromatic hydrocarbons,
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Nomenclature

The ecompounds described in this thesls are numbered

acecording to the I,U,P,A,C, Rules 1957 (Handbook for Chemical

Socisty Authors 1960).
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Introdustion

This thesis deals mainly with the reaction of diphenyl-
ketene with indene and its derivatives, the characterisation
of the products and the study of their chemical and physical
properties,

The chemistry of indene (I) and its dihydro derivative,
hydrindene (II), has been reviewedl, so that only the salilent

features of thelr chemistry relevant to this thesis are given.

Hy

1

—
—

Indene can be isolated from the coal tar rrabtion beDs
176~182° and from heavy naphthaz. It absorbs oxygen from the
air, giving an unstable peroxide, which rearranges to 3-keto-
isochroman (111)3. Slow polymerisation takes place even at
room temperature and in the dark, and amorphous polymers are
formed, It forms colourless resins in contact with concentrated
sulphuric acid and Friedel-Crafts catalysts.,

Indene and 1ts substituted derivatives have the properties
of benzene compounds with an unsaturated side chain; they are
reduced readily at the 2,3 double bond and form addition

compounds there, Hydrogenation with sodium and alcohol? or

by means of hydrogen and a catalyats transforms indene to
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hydrindene, Indene-l-carboxylic acid can be catalytically
hydrogenated to hydrindene-l-garboxyliec acidﬁ. Indene adds

7 and

smoothly dry hydrogen chloride to give l-chlorohydrindene
hypobromous acid to yield 1—hydroxx-ﬁ—bromohydrindanes. At
250°, 1t adds maleic anhydride, forming cis-4,5-benzo-3:6-~

endome thylene~l,2,3:6~tetrahydrophthalic anhydride (Iv)g. In

the presence of ethanol saturated with hydrogen chloride, indene
forms an adduct (VI) with 2:5-diphenyl-3,4-benzofuran (V), which
undergoes spontaneous dehydration to give l:4-diphenyl-2,3-~benzo-

fluorense (VII)IO,

CH.CO coO

N

®)
/

= I =4
CHCO
co

v
~I
+ O
/
Ph v

Ph
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The hydrogsn atoms of the methylene group are reactive
under the influence of the phenyl group and the double bond,
and condensation products with aldehydes and less easily with
ketones, can be obtalned, These condensation products are
the intensely coloured benzofulvenes, Treatment of indene
with benzophenone in the presence of sodium ethoxide glves
l-diphenylmethyleneindene, 8:8-diphenylbenzofulvene (VIII),

a bright yellow campoundll, 2-Methylindene (IK)12 and, as is
gshown in this thesis (p.57 ), 2-benzylindene do not undergo
this characteristic reaction of indene derivatives with benzo-

phenone,

CPh,

CHy

|

X

<

|

One hydrogen atom of the methylene group in indene can be
replaced by sodium, giving l-indenylsodium, which on treatment
with carbon dioxide, followed by acidification, ylelds indene-l-
carboxylic acids. A Grignard derivative is formed on treatment
of indene in toluene at 90-~100° with ethylmagnesium bromidel®r14,
It reacts with alkyl or aryl halides to give l-substituted

indenes and with ketones to yield benzofulvanols, which on
dehydration give benzofulvenes, Like l-indenylsodium, the
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Grignard derivative can be converted to indene-l~carboxylic
acid, The Grignard derivative reacts with benzhydryl bromide
and with benzophenone to yiald l-benzhydrylindene (X) and di-
phenylbengzofulvanol (XI) respectively. The latter can be
dehydrated to diphenylmethyleneindene (VIII),

CHPh, MgBr Ph,COH
PhoCHBx Ph,CO
— ]
wma m

If the double bond in the five-membered ring could alternate
between the 1,2 and 2,3 positions, with a proton oscillating
between the 1 and 3 positions, then derivatives containing the
same substituent respectively in the 1 and 3, the 4 and 7 or the
5 and 6 positions would be identical, However, the double bond
is sufficiently static to permit the separate existence of such

pairs of isomers, In alkaline solution however, the mesomeriec

anion is formed and isomerisation readily occurs between the

pairs of compounds.l,2-Diphenylindene (XII) can be converted to

2,3=-diphenylindene (XIII) by the action of potassium hydroxidol4.
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Ah Ph
X1

xi

Other types of indene derivatives isomerise under the
influence of potassium hydroxide, TFor example, 3-benzhydryl-
l-benzylideneindene (XIV) is converted into l-dlphenylmethylene-
3-benzylindene (XV) on boiling with alkalild,

CHPh, CPhy
Reduction of 3-(w -chlorobenzyl)-l-benzylideneindene (XVI)
with aluminium amalgem in molst ether gives a sparingly soluble,
colourless, monomeric compound, isomeric with 3-benzyl-l-benzyli-
deneindene (XVII), & yellow compound, and transformed to it by
heating., The colourless compound 1s considered to be 1l:3-di-

benzylidenechydrindene (XVIII) which isomerises when haatedle'lv.

CHPh CHPh CHPh

PhCHCI HPh
- C syr  CHoPh

&
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Many alkyl and phenyl l-ketohydrindenes have been obtained

by the cyclisation of 2-phenylpropionyl chlorides. l-Hydrindone

(XX, R=H) can be prepared in quantitative yleld from 2-phenyl-
propionyl chloride (XIX, R=H) by the Inverse Friedel-Crafts
method ®#1? and 3:3-dimethyl-l-hydrindone (XX, R=CHz) can be

prepared from 2-phenylisovaleryl chloride (XIX, R=GH5)2°,
% O
S —Ha
/CH2 LT
R/C\R RR
XTX XX

Clemmensen reduction of l-hydrindone-3-carboxylic acld
1

(XXI), prepared by cyclisation of phenylsuceinyl chlorid02 »

gives hydrindene~l-carboxylic aoidzz. Ketoacids of this type

with substituents in the benzene nucleus, decarboxylate on

give

heating in quinoline in the presence of copper chromite to

l-hydrindone derivativesas.

CO,H COoH

o XXT

——

The methylene group adjacent to the keto group is activated,
l-ydrindone condenses with benzaldehyde in the presence of

alkall to give 2-benzylidene-l-hydrindone (XXII)%%, and with
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isocamyl nitrite and hydrogen chloride in ethanol to yield
hydrindene-l,2-dlione-2-oxime (XXIII) which can be hydrolysed to
hydrindens-1,2-dione (XXIV)-0

@)
XXn

XXV

2~Bromo-l-<hydrindone (XXV) is formed in quantitative yield

26

from l-hydrindone and 1 mol. of bromine S=Bromo-l-hydrindone

(XXVI), prepared by the action of N-bromo-succinimide on 1l-

27,28

hydrindone s undergoes dehydrobromination when refluxed with

sym.collldine, to glve 1lndone (XXVII) in good yleld.,

ssMesTes

XXVI XXVIT

2-Hydrindone (XXVIII) can be prepared in good yileld by
refluxing l-hydroxy=-2-~bromohydrindens, first with dilute ethanoliec

potassium hydroxide and then with dilute sulphuric acia®®

OH OH
© @
= OH H
Br OH O
\
xXVH|
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Diphenylketene, Ph,C:C:0, & yellow liquid, b.p. 146°/12 m.m,,
which crystallises on refrigeration, was the first ketene to be
dSO.

prepare It may be obtained from diphenylchloroacetyl chloride

by treatment with zine filings (loec., cit,) or from diphenylacetyl
chloride by treatment with tertiary bases, e.g. qu1n011n031

PH;CCIE0C!T 2

Ph,CH.CO.C|  —Quinoline

Hura and Dull52 found that diphenylacetylphthalimide

underwent pyrolysis at 300-325° to give phthalimide and diphenyl-
ketene 1ln poor yleld,

co C\O
Ph.C:C:O
MNCOCHPhy — g
/
coO CcCo

Diphenylketene is best prepared by the thermal decomposition
of phenylbenzoyldiazomethane (XXIX) (azibenzil)ss, which is pre-
pared by the oxidation of benzil hydrazone with yellow mercuric

oxide in the presence of calcium hydroxide.

PhGO  PhC:N.NH) Phc:';]
| — | —— |N ——— Phy,CG:C:O+ Np
PhCO PhCO PhC:O

Xx1x

——n
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The tendency to polymerise varles consliderable for the
individual ketenes, The aldoketenes, R,CH:C:0 polymerise
very readily, even in dilute solutions, The tendency of the
ketoketenes, Rz .,C:C:0, to polymerise decreases from dibenzyl-

ketene to diphenylkatan034.

Polymerisation at 25°

Dibenzylketene very rapid
Dimethylketene 704 in 6 hours
Allylmethylketene 694 in 1 day
Methylethylketene 52% in 1 day
Diallylketene 75% in 6 days
Diethylketene 28% in 20 days
Dipropylketene 97 1n 28 days

Pure diphenylketene may be kept indefinitely under nitrogen,
but in the presence of air, it undergoes autoxidation, The
greater stablility and the higher reactivity of this compound
compared with other members of this class of compounds can be
attributed to the influence of the conjugated phenyl groups,

The polarisation of diphenylketene may take place in two

ways:

) Y
Ph2C=C‘-O and Ph2C:C'-O
A B
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From all the numerous observed examples, in which a dividing
addendum adds to the ethylenlec centre of the ketene, polarisation
occurs exclusively in the direction A, Reactlions of thils type

lead to the production of diphenylacetic acid or its derivatives,

3] ry
Ph2C-'C-‘0 + H=X — Ph2CH.C0-X

Reactlions are known where X = 0H, OH, halogen, NHg, NHR,

RC0s°°, The addition of Schiff bases takes place so as to

give p-lactams, a reaction which proceeds as follcw351:

3
Ph,CiC:0 PR5C—C:O
s W LD | |
+ PhCH-NPh
PhC H':.l;lPh '

Diphenylketene does not react with carbonyl compounds
having an a-hydrogen atom, 1,8, aliphatic aldehydes and ketones
which can enolisass. These carbonyl compounds are considered
by Staudinger to catalyse the polymerisation of diphenylketense,
Strong polymerisation occurs in the presence of formaldshyde,
acetaldehyde, camphor, dibenzylketone, and acetophenone and
its derivatives,

Heating paraformaldehyde with diphenylketene for 12
hours at 130° gives the expected product, asym., diphenyl-
ethylens, not in the free form, but as the dimer, 1:1:5:3-
tetraphenyleyclobutane (XXX). Two polymers of diphenyl-
xetene, melting at 244-245° and 176° respectively were isolated
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as well, These polymers are the sole products obtalned when
diphenylketene is heated with acetaldehyde for 18 hours at
120°35, with Quinoline for 80 hours at 170°55, in the presence
of & basic catalyst such as sodium methoxlde for 2 hours at
160° or alone for 6 hours at 180-200“57. The polymer, m,p.
244-5°, has been shown to be tetraphenyl-li:3-cyclobutane-

dione (XXXI) eand the polymer, m,p, 176°, to be hexaphenyl-

1:3:5-cyelohexane~trione (XXXII)36’57’39’42.

£

C
i3 NG

PhyC——CHy  phyC——CO T
Ph\L CI/Ph
S O
XXX XXX1 XXX1

On heating diphenylketene with acetophenons at 120° for 18
hours, & third polymer was obtained, melting at 188°, The
constitution of this polymer has not yet been elucldated,
Besides the catalytic influence of aliphatic carbonyl
compounds on the polymerisation of diphenylketene, there is
the possibllity of diphenylketene reacting with the kstone
in the enol form, with the formation of an enol ester,
Though no enol esters could be isolated, their formation is
indicated. The crude product from the reaction of diphenyl-
ketene with acetophenone gave & neutral oil, which on
hydrolysis with 107 ethanolic potassium hydroxide followed

by acidification gave diphenylacetic acid, The neutral oil
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might contain the enol ester (XKXIII)SB.

PhCOCH3 — PhC:CH, , Ph(I:=CH2 +HO  PhCOCH;
HO 4+ O.COCHPh, 4
Ph,C:C:O XXXl HO.COCHPh,

Diphenylketene undergoes 1l:2 and 1:4 addition with Cp-
unsaturated aldehydes and ketones to give - and & -lactones,
The p~lactones are unstable intermediates, which decompose to
yield a butadiene derivative and carbon dloxide.

The & -~lactones are quite stable, A surprising
observation 1s that on heating them above their melting point,
they lose carbon dioxide and give a butadiene derivative like
the p-lactones, Staudinger and Endlo40 suggested that on
heating,the dJ-lactone splits to glve diphenylketene and the
ketone and that these compounds recombine to give the g-
lactone, which yields the butadiene and carbon dioxide, That
free diphenylketene was‘ produced, was shown by heating the §-
lactone in the presence of aniline, Diphenylaoétanilide was
produced, The formation of the Jd-lactone is in accordance
with Thiele's theory of partial valency for conjugated com-
pounds, The reaction of diphenylketene with ap-unsaturated
ketones 1s illustrated by the reaction of diphenylketene
with benzylideneacetophenone (XXXIV) to give 1:1,2:4~tetra-
phenylbutadiene (XXXV) and the & -lactone adduct (XXXVI)SS;
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i Ah
PhCH:CHCO phCH:cH.cj_Lo
PhyC:C:0 Phclco

H e |
Ph
/CH=CPh PhCH'CH.C
Ph< \ | + CO,
H,c\ }3 Ph,C
_C—C  XXxVI XXXV
PR ‘pp © L

That the & -~lactone has the structure assigned was shown by
hydfﬁlysis with ethanoclic alkall. 1:1;,2-Triphenyl-3~benzoyl-
butyric acid (XXXVII') was formed, which can be further
hydrolysed to benzylideneacetophenone and diphenylacetiec

aeid4o.
CH=CPh PhCH.CH, CO.P :
S 7 & thy0 2 h PhCH!CH.COPh
o o —2— SRR + XXXV
H \/C\:_ S_-:/ thC.C O2H thCHCOzH
Ph pp O XXXVI XXXVII

The formation of p- and § -lactones involves & polarisation
of diphenylketene of type A, Diphenylketene does not react

with cinnamic acid esters, The alkoxy substituent not only
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makes the carbonyl group less reactive but also the ethyleniec
linkege, Neilther & ~lactone formation or addition to the
double bond occurs,

Diphenylketene reacts with double bonds to yield cyclo-
butanone derivatives or cyclohexanedione derivativaa41. The
cyclobutanone derlvatives dissociate on heating into their

components,

In general, the reaction is of the following type.

-

Se=c” ~c—cZl
ko e t ]

Ph,C=CO  htd PhyC—CO

From styrene, & product is obtained, which could have eilther

of two structures, (XXXVIIIa) or (XXXVIIIb).

Ph\ Ph~ Ph<
H-—C;CHz H- G GHe H-S CIHz
—_— or ‘
Ph,C=CO Ph,C— CO O:C—CPhy
XXXVilla XXXViiTb

Staudinger and suterl suggested that the adduct had structure
(XXXVIIIb) as neither a condensation product with benzaldehyde
could be obtalned, nor reaction of the carbonyl group with the
usual ketone reagents, Treatment of the cyclobutanone with
alkall caused ring flssion with production of a substituted
butyric acid, to which the lncorrect structure of 1:1:3-

triphenyl-n-butyric acld (XXXIXb) was assigned.
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Later Staudinger and Rheinerie showed that the adduect
had structure (XXXVIIIa), by treating the adduct with methyl-

magnesium lodlide and heating the resulting carbinol,

Ph Ph«
-
Ph,C — CO Ph2C cfo"'
XXXVIiTa
CF%
PhCH: ::H2 PhCH co
c
Ph2CH CO.CH3 Ph2 “h

The products produced from the thermal decomposition prove
the structure of the adduct, Followling from this, the acid
produced by hydrolysis of the adduct was assigned the structure

of 1:1,2-%triphenylbutyric acid (XXXIXa),

Ph«
Ph~ C

e h —
H,cl CHj cI:Hz CHoP H,l <|:H2
Ph,C—COH Ph3C — CO2H PhyCH CO.H
XXXTXG XXXIXb XXXTXc
43

The Bergmenns = proved that Staudinger's acld was 2,3:3~
triphenylbutyric acid (XXXIXc), indilcating that hydrolytic

fission oceurs at bond x, and not at bond y, as assumed by

Staudinrer4l’42.
PhCH—CH> PhCH—CH)
. [ |y > |
XXRXVilq 2Cx5 +C° PhaCH CO.H

H— OH XXXTXc
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Asymm, diphenylethylene reacts with two mols of diphenyl-
ketene to give a cyclohexanedione derivative, to which structure
XLa wes attributed after analysis and molecular weight determin-

ation41. Hydrolytic fission gave an acid, melting at 121-3°,

Ph._ Ph Phy Ph
Ph
o Ph
Ph Ph o o
Ph Ph
Ph”NPh
s XLb
XLa

The structure of the cyclohexanedione was reinvestigated by
Farooq and Abraham44. It had no characteristic reactions of
the carbonyl group. It did not react with phenylhydrazine,
Grignard reagents or undergo Clemmensen reduction, Alkalil
hydrolysis gave diphenylacetic acid and a hydroxyketons,
which was identified as 1l:l:4:4-tetraphenyl-3-ketobutan-l-ol
(XLI) indicating that the cyclic diketone had strueture XLb,

The following mechanism is suggested for its formation,
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P Ph O
Ph  Ph R W Ph Ph

/c b
Ph Ph™ Ph + €

1 observed that cyclopentadiene

Staudinger and Sutar4
reacted with 1 mol of diphenylketene to give an adduct for
which structures XLIIa and XLIIb were suggested, The adduct

decomposes into its components on heating,

+ Pho,CCO = or
U N en O\
Ph

Llla £t da "t

——

>

Hydrolysis of the adduet with ethanolic sodium hydroxide gave
an aclid, thought to be (XLIIIa) or (XLIIIb).
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(|302H CPh, COH
[

CPh, COH CHPh,

XLIMa : XL

—_—

;

Simonsen and coaworkera45, Smith and coaworkers46 and Farmer

and Farooq47 have shown that condensation of diphenylketene
with cyclopentadiene yields by l:2-addition 6-keto-7:7-
diphenylbicyclo[3,2,0] hept-2-ene (XLIIa) which on alkaline
hydrolysis gives rise to two isomeric forms of 2-diphenyle
methylecyelopentene~l-carboxyliec aeid (XLIXII¢c)., The bi-
cyclo compound will add a second molecule of diphenylketene,
also by 1:2- addition, to give a tricyclic compound having

strﬁetura (XLIVa) or (XLIVDb),

Ph Ph Ph

" XCiva © o} XLIVb p Ph

Cyclohexadliene, cyclohexene and cyclopentene are allke in
yilelding cyclobutanone derivatives, The alkall fission of
the cyclobutanone ring occurs in every case between the

carbonyl group and the earbon atom having the two phenyl
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substituents,

Methylenecyclopentane, methylenecyclohaxane, ethylidene-
cyclopentane and ethylidene cyclohexane also form substituted
diphenylcyclobutanones with diphenylketene, which on alkaline
hydrolysis yileld substituted butyriec acids, Vinylecyclopentane

and vinylcyclohexane showed no reaction with diphanylketane48.

H H- OH
~ +
n:C=C"(C H2)p + Ph,CIC:O phyC— C:O
— o
r-C— C_(CHIn
R= H,CHj
D= @S PhyCH CO,H

o
: ¢ —C(CHn

No evidence 1s given for the structure of the adducts or
the butyric acilds,

Diphenylketene fails to glve adducts with isoprene,
mathylisOprane41 or with 1:4-d1phenylbutadiane46. With
butadiene, 2,3-dimethylbutadiene and l:4-pentadiene,
crystalline products are formed, the structures of which
have not been establishad49. The analysis of the products

indicates the addition of 2 mols of diphenylketene to 1 mole
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of the butadiene, The compounds show no characteristiecs of
unsaturation and do not give the characteristle reactions of
the carbonyl group, It appears that l:4-addition of diphenyl-
ketene to butadienes to give substituted cyclohexenones does

not oeccur,

\d’ }{
Ph,C Sc- phoc” C—
ﬂ + | —— l (Izl
©: C¢C— cm\c/
VRN \

Smith and Hoehn50’51 found that diphenylketene condenses
with phenylacetylene to form a phenylated naphthol in good
yield, The product of a simple addition should have structurs
(XLva) or (XLVb) depending on the orientation of diphenylketene

during the reaction. In fact, isomer (XLVI) was formed.

Ph
OH Ph
or
o L OH
XLVa o YLVE

hC Ph
-+ OH

47

Ph
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Diphenylacetylene reacted similarly, A mixture of the

naphthol (XLVII) and 1ts diphenylacetate (XLVIIa) was obtained,

OH 0.CO.CHPh,
PhC=CPh o -
+ —>
Ph,C:CO Ph Ph
XLk Ph XVila  Ph

The authors postulated addition of diphenylketene to the triple
bond; in analogy to the additlon of diphenylketene to double
bonds, to give an unstable intermediate cyclobutenone derivative,

which however could not be isclated.

- _
O FAh
Ph s
9+é ?_tc
E JL ! cﬁk.g
C C
i L
i Ph Ph

OH
OK:\\
Ph \CPh
=S |
Ph ’,Cph
C/
Ph

XLVII Ph

From the reaction of ethoxyacetylene with diphenylketene
at room temperature, l-phenyl-2-sthoxy-4-hydroxynaphthalene

52
(XLVIII) was produced ., In an attempt to isolate the
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intermediate, 1,l-diphenyl-2-ethoxycyclobut-2-ene-4-one (XLIX)
by carrylng out the reaction at -20°, a compound of the expected
formula was obtained, which could not be rearranged to the
naphthol by refluxing in benzene. Independent reinvestigation

53 and Woodward and co-

of this compound by Barton and coworkers
workar954 showed 1t to be the substituted dihydroazulene (L).
Woodward eand coworkers were able to isolate the butenone (XLIX)
as well which on warming in solution or heating above 1its
melting point, rearranges to the naphthol, Woodward postulates
the following mechanism for the formation of the ketone (XLIX)

and the dihydroazulene (L).

o)
Ph. o)
c:c:0 Phc:c’ o
$ G o — =i
COEt ®,C cl:lcost
loﬂ lph XLTX
) o:C
Ph o ~bH
@C
|
Ph lOEt l Ph
H OH
E oY
T OEt
o OEt Ph XLVII

All the reactions of diphenylketene described so far,
involve addition across the ethylenic double bond, Very
few reactlions lnvolving additlon to the carbonyl group are

known .
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Grignerd reagents add to the carbonyl group and not
to the ethylene group in diphenylketene, This was shown
by the fact that the benzoate of triphenylvinyl aleohol (LI)
was obtained when the addition compound of diphenylketene
and phenylmagnesium bromide was treated with benzoyl

dhlor16931’55.
Ph2C=C=O OMgB
A T+ PhCOCI _O.CO.Ph
+ E— thc.C‘Ph 3> PhZC'-C\ .
PhMgBr Ph LI
+
MgBrCl

From the reaction of ethylene oxide and azibenzil
(XXIX) a 50-60% yield of the cyclic acetal of diphenylketene
(LII) was obtalned, resulting from addition of ethylense oxide
to the earbonyl group, and diphenylbutyrolactone (LIII) by
addition across the ethylenic double bond, Vinyldiphenyl-

acetate (LIV) was isolated from the reaction alsoss.

CH2 O
i -t
CHO~ o
n
e
O+ O:.C:CPh CH2-0O
cA, = Tl .0
CHy—CPhy W
— CH2.‘CHO-CO.CHPh2

|



Section 1

The Reaction of D n tens with 2- gylidens-l-hydrindone
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Discussion

The aim of this part of the work was to synthesise
l-diphenylmethylene-2=-benzylidenehydrindene (I) and to
investigate its properties,

By heating 2-benzylidene~l-hydrindone (VI) with dl-
phenylketene at 1356-150°, Davison57 obtained a 50% yield of
a colourless hydrocarbon, m,p, 136,5-139°, the analysis of
which accorded reasonably with the composition of compound
I, The only other product isolated from the reaction was a
few milligrams of colourless crystals, m,p, 230-=1°,

The compound, m,p, 136,6-139°, was soluble in ethanol
giving a bright yellow solution, from which the colourless
compound could be recoversd unchanged, This reversible
colour change suggested that the molecule existed in two
tautomeric forms, That more than one form of the compound
was present ln solution was indicated by the ultraviolet
spectrun, which showed the lack of clearly defined maxima
and minima, The compound and its solutions 4id not fluoresce
in ultraviolet light, Davison suggested that this hydrocarbon
was l-diphenylmethylene-2-benzylidenehydrindene (I) and that
1t tautomerised in solutlion to l-diphenylmethylene-2=benzylin-
dene (II). This would account for the yellow solution, as
compound II is a fulvene derivative, which would be expected

to have the characteristic yellow or orange colour of fulvene
derivatives.
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CPh, CPh,

CHPh = CHZPh

=1
=

The reinvestigation of theae-reaults was tackled in four ways,
1), The repetition of Davison's work to prove the structure
of the hydrocarbon, m,p, 136,5~139°, by ozonolysis, Diels-
Alder addition and by reduction,

2)s The synthesis of l-diphenylmethylene-2-bengylindene (II).
3)e The synthesls of l-diphenylmethylene-2-benzylidene-3:3-
dimethylhydrindene (III), which cannot tautomerise, for
comparison of 1ts properties with that of compound I,

4), The synthesis of compound I by an elternative route.

CPh, SPha

R
CHPhH = CHPh
li/p

1<l

Equimolecular proportions of 2-benzylidene-l-hydrindone
(VI) and diphenylketene were heated in an atmosphers of
nitrogen in a sealed tube for three and a half hours at140°,

The only product isclated was & small quantity of colourless
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erystals melting at 220°, the analysis of which accorded with
the composition of compound I, It gave colourless solutions
which fluoresced in ultraviolet light, Bacause of the
similarity of its ultraviolet spectrum to that of 1l:1l,2:4-tetra-
phenylbutadisne (IV) (Fig, 1) and the proof which follows

that the hydrocarbon, m,p. 136.5~136°, is compound I, it

i1s suggested that the compound m,p. 220° might be triphenyl-
(2-indenyl)-ethylene (VII), which could be formed theoretically
through the intermediate & -lactone (V) (see scheme A), On
repetition of this experiment under identical and different
conditions, no trace of this compound could be found and

there was insufficient of it for further investigation.

In a second experiment, equimolecular proportlons of
2-benzylidene-l-hydrindone (VI) and diphenylketene were
reacted together under exactly the same conditions as in the
experiment just descrlibed., A colourless hydrocarbon
melting at 139° having the properties described by Davison,
was lsolated, Its analysis accorded with the composition of
compound I, Small amounts of three other colourless compounds
were obtained also, One, m.p, 230°, was shown by mixed m,p.
to be the same as that isclated by Davison, The other two
compounds melted at 222° and 190° respectively.

The eompound, m.p. 222°, was considered to be the $ -
lactone (V) as its infrared spectrum showed a strong carbonyl

-1

absorption band at 1775 ems ~ and the analysis accorded with
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the structure of the & -lactone, The compound m,p., 190°
was not identified, The compound m,p.230° 1s discussed
on p.43.

Ozonolysis of the hydroecarbon, m,p., 139°, gave
benzaldehyds, which was characterised by oxidation to benzoile
acld,and benzophenone, which was identified by m.p. and mixed
Mepe With an authentiec sample and by characterisation as the
2:4-dinltrophenylhydrazone, From the ozonolysis of 2-
benzylidene-l-hydrindone (VI), benzaldehyde, characterised
as the 2:4-dinitrophenylhydrazone,and homophthalic acid,
identified by m.p. &nd mixed mp. with an authentic sample,
were obtained, Homophthalic acid could not be isoclated

from the ozonolysis of compound, m,p, 139°,

CFhz CPhy
O3

iy
CHER + O CcHPh

coxH
it ; £OH+ OCHPh
CHJ

The hydrocarbon, m,p., 139°, did not undergo Diels-Alder

addition with maleic anhydride, but gave an adduct with tetra-
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cyanocethylene, The analyslis and the ultraviolet spectrum
of the adduct (Fig, 3) accorded with that of 1l:4:4-triphenyl-
2:12,3:13-tetracyano~1,2,3,4-tetrehydrofiuorene (IX).

Reductlion of the hydrocarbon with aluminium amalgam
in molat ether gave 3-benzhydryl-2-benzylindene (X). A
mixed m,pe. of this compound with 3-benzhydryl-R-benzylindene
(X), prepared by a similar reduction of l-diphenylmethylene-
2~benzylindene (II), showed no depression, and thelr ultra-
violet spectra were identical (Fig. 3).

Though hydrogenation of hydrocarbon, m.p. 139°, does
not dlstingulsh between compounds I and II, ozonolysis and
the formatlon of an adduct with tetracyanoethylene are
proof that the hydrocarbon, m,p., 139°, is compound I,

Its ultraviolet spectrum (Fig. 2) was observed in
hexene solution, As found by Davison, the spectrum showed
a complete lack of clearly deflined maxima and minima, This
result 1s surprising, for one would expect compound I to
have a characteristic spectrum, abnilar to that of 1:1,2:4-
tetraphenylbutadiene (IV) (Fig. 1). It was observed that
the yollow solution becams colourless on standing and that
the colourless solution had a blue fluorescence in ultra-
violet light, The ultraviolet spectrum was obssrved again
and was found to have changed completely, having now well-
defined maxima and minima, but was still unlike the spectrup

of tetraphenylbutadiene (IV), From the colourless solution,
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a hydrocarbon melting at 199° was obtained,

Davison has shown that l-diphenylmethylene-2-~benzylidene-
acenaphthene (XII), from the reaction of diphenylketens with
l-benzylideneacenaphthene-2~one (XI), ring-closed spontaneously
splitting off hydrogen, to form 7:10-diphenyl-8,9-benzo-

fluoranthene (XIII),

i Ph N H Ph
AL / Ph
o T HCPh \ =i
-COy ~2H- ' :

pd) - X1 — X1

This suggested that compound I had undergone ring-
closure in solution with spontaneous splitting out of hydrogen
to yield l:4-diphenyl-2,35~benzofluorene (XIV)., A mixed m,p.
determination of compound, m,p, 199°, with an authentic sample
of diphenylbenzofluorene (XIV)lO gave no depression and the
ultraviolset spectra (Fig. 2) of the two compounds were

identical,
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Phy Ph

C’H

2

The possibility of tautomerism between compound I and
compound II in solution still exists, It could be argued
that 1n solution, the two tautomers are in eguilibrium and
as irreversible ring-closure occurs, both tautomers are
converted into the benzofluorene (XIV) through compound I,

It follows from this argument that compound II would tautomerise
partly to compound I,which in turn would ring-close, so that
the same effect for either compound would occur,

The synthesls of compound II was carried out as indicated
in scheme B and as is deseribed fully in the Experimental
Section (pp,5557). Compound II was obtained as golden
yellow prisms melting at 126°, It had a characteristic
spectrum (Fig, 4) very similar to that of l-diphenylmethylene-
indene (XV)ll. Almost a year later, the spectrum of the
original solution was reobserved and was found to bes completely
unchanged, showing that there was no equilibrium between
compound: I and compound II in solution,

Further proof that the yellow colour of solutions of

compound I 1s not due to tautomerism, 1ls given by the study
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of the properties of l-diphenylmethylene-2-benzylidene-
3:13-dimethylhydrindene (III), which cannot tautomerise,
This colourless crystallline compound gives yellow solutions
also, which on standing turn colourless, Ring-closure
occurs with spontaneous dshydrogenation, to glve l:4-
diphenyl-9:g-dimethyl-2,3~benzofluorene (XVI), which was
ldentified by mixed m,p, with an authentic sample, prepared
by the action of 2:5-diphenyl-3,4~benzofuran (XVII) with
3:5-Aimethylindene, The synthesis of these compounds is
indicated in scheme C and deseribed fully in the Experimental
Section ( pp.58-60.

Though compound, m.p. 139°, has been shown conclusively
to be l-diphenylmethylene-2~benzylidenehydrindene (I) many
attempts were made to confirm this by synthesls by an
alternative route, All failed and only the more interssting

ones are described,

The synthesis of compound I was attempted uslng the
Wittlg reaetion> *°°,  Triphenylphosphinemethylene (XVIII)
reacts with aldehydes and ketones to yield substituted
ethylenes and triphenylphosphine oxide, When triphenyl-
phosphinemethylene (XVIII) is treated with benzophenone,
asymm, diphenylethylene 1s produced, This surprising result

1s explained by the followlng mechanism:
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N ®
pvaLL + —_ | —_—3 I I —_— O CPhy
%—Cphz O-Cth O-Cth
©

Though the betaine could not be isolated in the above
reaction, 1f benzaldehyde is used instead of benzophenone,
the zwitterion can be isolated and characterlised as 1ts
hydrobromide, This betaine on heating to 60-70° gives
styrene and triphenylphosphine oxilde,

: ®
Ph3P—CH2 PhaTg LH2
| —s O HCPh
O—CHPh
e

It is reported that triphenylphosphinediphenyl-
methylene (XIX) does not react with aldehydes and ketones,
The stabllity of this phosphinemethylene (XIX) is attributed
to the conjugated phenyl groups, Staudlnger55 has shown
that ap-unsaturated ketones are much more reactive towards
diphenylketene than aliphatic or aromatic ketones, so that
there was a possibility that the phosphinemethylene (XIX)
would react with ap-unsaturated ketones, Reaction of the
phosphinemethylene (XIX) with 2-benzylidene-l-hydrindone

(VI) did not occur, Only unchanged ketone, and triphenyl-
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phosphine oxlde and diphenylmethane, the hydrolysis products
of the phosphinemethylens (XIX) were isolated,
O—PPh3

|
Cth ‘

CHPh+ phSPa Cth _|_> CHPh
XIX

vi /
CPhy

CHPh+ Ph3P->0O

1=

The reaction of benshydrylmagnesium bromide with 2-
benzylidene~l-hydrindone (VI) should give l-benzhydryl-l-
hydroxy-2=benzylidenehydrindene (XX ) which could be

dehydrated te compound I,

2 PhCH oy

CHPh+ Ph,CHMgBr —> CHPh

XX

i<l

Under normal conditions, benzhydryl bromide reacts with

magnesium to give the Grignard derivative, which then reacts



irmmediately with unreacted benzhydryl bromlde, so that a
60
quantitative yleld of symm, tetraphenylethane is obtained .

By passing carbon dioxide through the reactlion mixture, a
small quantity of diphenylacetic acld can be isolated,

A 269 yleld of the Crignard derivative is clalmed when
a cyclic reactor is uaedel. A desoription of this apparatus
is given in the BExperimental Section (p.63 )« Bven by this
method no trace of the Crignard derivative could be detocted,
using Gilman's test5e,

Benghydryl-lithiun could not be prepared, as on treating
benzhydryl bromide with phenyl-lithium, tetraphenylethane is
produced in over 907 y101a%®, wWittig reports that diphenyle
mothane reacts with phenyl-lithium in ether at 100° in a
sealed tube to glve a 467 yleld of benzhydryl-lithium, This
method was not attempted, as facilities for thls experiment
waere not avallable,

The synthesis of compound I was attempted as indilcated
in schame D and as 1s degcribed in the Experimental Section
(ppe. 64-65 }. Bromination of l-diphenylmethylone-
hydrindene (XXI) was accompanisd by spontaneous dohydro-
bromination to glve l-diphenylmethylene_indene (XV) so that

the final stages of the asynthesls, which consisted of reacting
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the Grignard derivative formed from the bromo compound (XXII)
with benzaldehyde, followed by dehydration of the carbinol
(XXIII) produced, could not be carried out.

The synthesis of 2-benzylidenshydrindene-l-carboxylic
acid (XXIV) was attempted, as 1t could be converted to compound

I by the followlng scheme of reactlons:

[.SOCI5
cHph ==%5 2 CdSha CHPh
XXV
+ PhMgBr
CPhy &Ph2COH

\

SH0 |
CHPh g CHPh
S

Wolff-Kishner reduction of Z-benzylidene-35-carboxy~l-hydrindone
(XXV) did not give the acid (XXIV), but naphthalene derivatives
and a small quantity of a compound, m,p. 30°, considered to be
2~-bengylidenehydrindsne (XXVI). This reaction is discussed

separately in Section 2.
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l-Diphenylmethylene-2~benzylidenehydrindene (I) gives
yellow solutions in organic solvents which are non-fluorescent
and do not obey Beer's law, The hydrocarbon turns yellow on
exposure to light, is thermochromic, and in solution it under-
goes ring-closure with spontaneous dehydrogenation, These
propsrties can be explained by the formation of the diradieal I

in solution; or in the solid state when activated by light or

heat,
Ph |
.\C'"—4<::::i>> Ph\\c
»®
Ph

H —>
\ la
A Ph NP
1 J[
Ph
N
C
~2H *<H

& dH

Ph C
NPh

X1

——

The formation of a diradical would relieve the steriec
strain in the molecule produced by the interaction of the
ortho hydrogen atom of one of the diphenylmethylene phenyl
groups with the hydrogen atom of the benzylidene group, as

free rotation of the substituents would belcome possible,

Other hydrocarbons which exhibit a chemical behaviour

characteristic of free radicals but contain ewven numbers of
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electrons have been known for almost fifty yearaﬁs. These
compounds can have either a gquinoidal structure or a diradical
structure and considerable confusion is apparent in the
literature as to the problem of quinoid-diradical intercon-

vertibility,

M#ller and Mﬂller—RodloffB6

stated as 2 general rule
that a substance is a radical only if no structure with all

the electrons paired can be written for it, By this rule,

et is not a diradical, bscausse

Tschitschibabin's hydrocarbon
structure XXVII, in which all the electrons are paired, can
be written for it, Yet this hydrocarbon, which does not
show paramﬂgnatismsa as true radicals do, has the chemiecal
and physieal properties of a diradical, end catalyses the
reaction para Hy —> ortho H; to some extentev, which 1s a

standard method of detecting free radicals,

P“ZC CPhy PhyC CPhy

]

XXVII

The presence of the diradical (XXVIIa) was claimed to
have been detected by electron-spin resonance spectroscopysa,

but it was later raported69 that the E.S.R., signals obtalned

0

may have been due to an impurity. Sloan and V’aughan7 raeport
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that the electron-spin rescnance absorption of this hydro-
carbon in benzene solution shows the presence of the diradical
in at least 17 concentration,

The Eugen-M¥ller hydrooarbonVl can be written in the
Qquinonoid form (XXVIII) or in the diradical form (XXVIIIa),

Ph,C CPhp

%
=
Qs
>

It was found to be weakly paramagnetic both in the solid state
and in benzene solution, The weak paramagnetism may be
explained by partial association of the diradical to give a
diamagnetlic association product or by the exlstence of the
hydrocarbon in two monomeric forms, the paramagnetic diradical
(XXVIIIa) and the diamagnetic guinonoid (XXVIII).

Wittig's hydrocarbon72 has the properties of a diradical
but is diamagnetic in aolutionvs. It has been suggestad74
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that the compound 1s not a diradical as proposed by Wittig,
but that it has the quinonoid structure (XXIX).

Ph,C CH-CH CPhy

By definitlon, the term diradical describes molecules
which contain two unpaired electrons having parallel spins.
The two electron spins will couple in a magnetic field to
form a resultant vector of 8 = 1, This total spin will be
able to take up three i.,e, (25 + 1) different orientations in
an applied field and so produce three different ensrgy levels,
This state of a molecule is referred to as the triplet state.

Compounds such as fluorescein, which are known to exist
in the triplet state, under certain conditions cennot be
detected by slectron-spin resonance spectroscopy, though
their paramagnetlism can be detected by magnetic susceptibility
measurements®®, The faillure of preliminary electron-spin
regsonance studies to detect radiecals in solutions of l-diphenyl-
methylene-2=benzylidenehydrindene I, does not necessarily mean
that some of the molecules do not exist in the triplet state
in solution, or in the solid state on exeltatlion by light or

heat,
Schlenk's hydrocarbon (XXX)75 like compound I is almost
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colourless in the crystalline state, though it glves orange-
red solutlons, No structure with all the electrons pailred
can be written for it and it has been suggested that it is
76

in the triplet state Yet the paramagnetic susceptibility

of this compound in benzene at 75°, corresponds only to 6#2%
free radicalsvv. It has been suggested that the weak para-
magnetism is due to some type of aasociatlon,the exact nature

of which 1s not known, the association product being presumably

dlamagnetic.
CPhy - CPhy
L)
CPh3
Cl Cl Cl Cl
?th
XXX XXX! CPhy XXXIa « CPh,

The compound, known as the Eugen-lMdller diradical”’ can
be written in the quinonoid form (XXXI) or in the diradical
form (XXXIa) However the quinonoid structure is not possible,
for in this structure the two central benzene rings must lie in
or near a common plans, & configuration prohibited by the
sterlc interference batween the bulky ortho-chlorine atoms,

The paramagnetlic susceptibllity of thls compound in benzene
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at 80° corresponds to 28% free radicals, A true diradical
is realised through the effect of isolation,

It can be seen that there exists a class of compounds
which can be formulated as diradicals and bshave chemically
as diradicals, but which do not have two independent electron
systems, These compounds, which have falled to show by
magnetic susceptibility measurements, the paramagnetism
expected of molecules in the highest state, have been termed

diradicaloidava.

A possible explanation for the properties of a
compound of this class is that in the ground state the two
free electrons are paired so that the substance in this
state is dlamagnetic but that the paramagnetic triplet state
with parallel spins has an energy only slightly higher than
the ground state so that a transition into 1t from the ground
state occurs readily. It 1s suggested that l-diphenyl-
methylene-2-~benzylidenehydrindene I belongs to this class of
compounds, If, like Tschitschibabin's hydrocarbon (XXVII),

thls compound catalyses the ortho-para-hydrogen converslon,

then the weak coupling of the electrons in the ground state

would be demonstrated.

CPh Rrho

—y ¢
CHPh «— CHPh

=1
|5l
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It is pertinent to discuss here the biproduct, m.p.
230°, obtained from the rsaction of diphenylketene with 2-
benzylidene~l-hydrindone (VI) (see p. 27 ) As it gave
diphenylketene on heatling at about 250° in high vacuum,
DaviaonEv suggested that the compound was an adduct of
diphenylketene and l-diphenylmethylene-2-benzylidenehydrin-
dene I having structure XXXIIa or XXXIIb.

The infrared spectrum of the compound, m,p. 230°,

did not show the characteristlic carbonyl group absorption
band between 1750 and 1650 ems™k and the ultraviolet spectrum
(Fig. 6) was very similar to the spectrum of 3-benzhydryl-2-
benzylindene (X)., It is suggested that the compound m.p.
230° is an adduct of diphenylkaténa and compound I having

the structure XXXIIIs or XXXIIIb.

From the reaction of diphenylketene with l-benzylidene-
acenaphthene-2-one (XI), Daviaonsv isolated a compound, m.p.
245-5°, which he suggested was an adduet of diphenylketene
and l-diphenylmethylene-2-benzylideneacenaphthene (XII),
having structure XXXIVa or XXXIVb, as on heating at about
250° in high wvacuum, it gave diphenylketene, and on alkaline
hydrolysis 7:10-diphenyl-8,9-benzofluoranthene (XIII), The
analysis accorded with that required for the adduct and the
ultraviolet spectrum was similar to the spectrum of
acenaphthylene (XXXVI),

The infrared spectrum of the compound m.,p. 243-5°, did
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not show the characteristic carbonyl group absorption band
between 1750 and 1650 ems™ and it 1s suggested that this
compound 1s an adduct of diphenylketene and compound XII

having structure XXXVa or XXXVb, This suggestion is supported
by the fact that ozonolysis of the compound gave benzophenone,

The reaction of diphenylketene with l-diphenylmethylene-
2-benzylidenehydrindene (I) or with l-diphenylmethylene-—2-
benzylideneacenaphthene (XII) to give ethers, is further
evidence of the diradical nature of these hydrocarbons,

In a literature survey, the only reaction in which
addition to diphenylketene has occurred across the carbonyl
double bond and not across the ethyleniec double bond, is the
thermal decomposition of naphthalene-2:l-diazooxide (XXXVII)
in the presence of diphenylketene to give 2-diphenylmethylene-
naphtho—'[l,é] -1:3~diloxole (XXXIX), which on ozonolysis gives

1,2-naphthalenediol carbonate (XL) and benzophenone'?,

&
N
+N2
XXXVHI

XXXV - Cth
(o e o
Ph,CO + \ i
()
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It 1s possible that compound XXXVIII rearranges to the

diradical XXXVIIIa and reacts with diphenylketene 1in this form,

o o
R A \
<«
XXXV XXxVllla

Schonberg and Mustera O report that diphenylketene
reacts with 9,10-phenanthrenequinone to give the adduet XLI
m,p, 227-230°, but no conclusive evidence for this structure ls
glven, Repetition of this work gave an adduct, m.p. 237°,
showing a strong carbonyl band at 1780 cma'l in the infrared
spectrum, consistent with the structure XLI, It has been
shown that diphenylketense undergoes an analogous reaction

with g-benzoquinone to give g-hydroxyphenoxyacetlc acld

lactone (XLII)St, Q E
/C\/h
(o) C—Pnh
Q |
+Ph20C=O
P AT
/
XLl
(@)
= Nco
+ PhCCO__ | e

o/gwhl—
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Introduction to Experimental

Melting-points were determined by the capillary tube
method using an electrically heated melting-point apparatus,

Analyses were carried out by Drs., Weiler and Strauss,
Oxford.

Infrared spectra were determined using a Perkin-Elmer
Infrared Spectrophotometer, The intensity of absorption
maxime are indicated by strong (s), medium (m) or weak (w).
The group to which the absorption 1s attributed is written
below the absorption wave number, _

Ultraviolet spectra were determined using a Unicam
SP 500 3pectrophotometer, Spectroscopic hexane was used
as the solvent unless it 1s stated otherwise,

Type H alumina, supplied by Peter Spence and Sons,

Ltd,, was used in chromatography.
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Experimental

Preparation of l-hydrindone
Thiele and Wanscheidt, Ann,, 1910, 376, 269.

Intramolecular cyclisation of p-phenylproplonyl
chloride (47.5 g.) by aluminium chloride in light petroleum
gave & 98% yleld (37 g.,) of the ketone, m,p. 40° (Lit,

m,p, 40°),

Preparation of 2~benzylidene-l-hydrindone (VI)

W,H,Stafford, Ph,D, Thesis (Edin,), 1951, 319,

l-Hydrindone (20 g.) was condensed with benzaldehydse
(16 g.) in ethanol (50 ml,) at 20-25° in the presence of
10% w,v, ethanolic potassium hydroxide (3 ml,).
Yield: 29 g., 87%¢. m.p. 110° (Lit, m.p. 110°%%),

Ozonolysls of the ketone (0,3 ge.) dissolved in hexane
(26 ml.) and carbon tetrachloride (15 ml,), followed by
steam distillation of the reaction mixture, gave an agueous
distillate having the characteristic odour of benzaldehydse,
from which benzaldehyde was isolated as the 2:4-dinitro-
phenylhydrazone m,p, 238-240°, The mixed m,p. with an
authentic sample was not depressed, The residual solution
after steam distillation was evaporated to about 2 ml, and

filtered hot, The filtrate gave colourless crystals of
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homophthalic aecid, m,p, 181°. The mixed m.,p, with an

authentic sample was not depressed.

Preparation of diphenylketene

Organic Syntheses, 1948, 20, 47.

206 go benzil monohydrazone 200 ge yollow mercuric oxide

115 g. calcium sulphate 750 ml, benzene
Yield: 96 g,, 549, b.p, 106=8°/0.,2 m.m,

Preparation of 1:1,2:4-tetraphenylbutadiens (IV)

Staudinger and Endle, Ann,, 1913, 401, 271.

Benzylideneacetophenone (7 g.) and diphenylketene were
heated under nitrogen in a sealed tube for 33 hours at 140°,
The product was treated with ether and the insoluble material
recrystallised from acetone, giving the §~lactone (1.2 g.),
Mmepe 194-6° (Lit, m,p. 190°),

Analysis
Found: C, 87,13 H, 5,8,
Cale., for CgglHgeOg: C, 86.7; H, 5.5%.
Infrared spectrum (cms'll 1786(s), 1750 (m), 1600(w).
(C:0)

The ether solution was evaporated and the residue
crystallised from acetone, giving the butadiene (2.4 g.),
m.,p, 160° (Lit, m,p. 149-150°),
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Analysis
Found: C, 953.5;3 H, 6,1,

Cale, for CggHagt C, 93.9; H, 6,1%.
Ultraviolet spectrum - Fig, 1l.

The combined flltrates were evaporated to dryness, The
residual oll was boiled with 104 w,v., ethanoliec potassium
hydroxlde for one hour, poured into water and extracted with
ether, On acidification, an oll separated from the agueous
layer, which solidified on standing and was crystallised from
methanol, giving colourless plates, m,p, 147-9°, The mixed
msp. with diphenylacetic acld, m,p, 148°, was depressed to
115-125°, This acid may be 1l:l1,2~triphenyl-3-~benzoyl-
butyrie acid, Ph.C0.CHg.CHPh,CPhg ,COH,

Analysis
Found: C, 81,8; H, 6,1.
Calec, for CgglHz,05:C, 82.8; H, 5.8%.

Infrared spectrum (cms'l) _
3,400(m), 2,600(w), 1, 680(3), 1,250(s), 7565, 730, 712,

(free OH) (COgH)

Attempted preparation of l-diphenylmethylense-2-~benzylidene-

hydrindene (I
2-Benzylidene~l-hydrindone (VI) (4 g.) end diphenyl-

ketene (3,5 g.) were heated under nitrogen in a sealed tube
for 3% hours at 1409, The product was soluble in cold

ether, The solvent was evaporated and the residual oil,
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on treatment with ethanol gave a solid, m,p. 208-210°, The
ethanolic filtrate was evaporated to dryness and the residual
0oil chromatographed on alumina, Development with light
petroleum gave & fractlon with a blue fluorescence in ultra-
violet light from which a further quantity of solid, m.p.
208-210°, was obtained, Recrystallisation from benzene and
light petroleum gave colourless plates, m,p, 220°,

Analysis (Pascher, Bonn)

Found: C, 93,83 H, 5,9.

Czollzz requires C, 94,0; H, 6.0%.

Ultraviolet spectrum - Fig, 1,

Preparation of l-diphenylmethylene-2-benzylidene hydrindene
2-Benzylidene-l-hydrindone (VI) (10,3 g.) and diphenyl-

ketene (9.2 g.) were heated under nitrogen in a sealed tube
for 3% hours at 140°, On treatment of the product with
ether, yellow crystals (A) (5.5 g.) were obtained, The ether
solution on evaporation left a residue which on trituration
with light petroleum gave yellow crystals (B)(3 g.)e The
combined filtrates were evaporated and the residual gum, which
could not be induced to solidify, was bolled with 10% w,v.
ethanolic potassium hydroxide for 1 hour, The solution was
decanted from the tar formed, The agueous alkaline solution
was treated with hydrochloric acid giving diphenylacetic
acid, needles from aqueous ethanol, m.p, 148°,

Solid A was boiléd with light petroleum (200 ml,).
The insoluble material was filtered off and recrystalllsed
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from benzene and light petroleum, giving colourless prisms,
mepe 160°,
Analysis
Found: C, 87,03 H, 6,2.
Cy, 84,3; H, 5.,8%.
Infrared spectrum (cms‘a)
1705(s) 1605(s) 770, 765, 760, 750, 710.
(C:0) (C:C)
The filtrate on cooling gave l-diphenylmethylene-2-
benzylidenehydrindene (3.8 g.) m.ps 139° (orange melt)
Analysis
Found: C, 93,83 H, 6,1,
Cezoflez requires €,94,0: H, 6,0%.
Ultraviolet spsctrum - Fig, 2,
So0lid B was difficult to purify. Repeated crystallisation
from benzene and light petroleum gave the ¢ -lactone (V),
colourless needles, m,p, 222°,
Analysis
Found: O, 87.23 H, 5.8.
C, 86,43 H, 5.4.
Cs0Hz20z requires C, 86,93 H, 5.4%.
Ultraviolet spectrum - Pig, 6,
Infrared spectrum (cms"l) 1775(s), 1670(w)
(C:0)
The combined filtrates from the crystallisations of the

§ ~lactone were evaporated, The residue was boiled with

/ﬁi;ﬁq
'S
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ethanol and the insoluble solid crystallised from benzene
and light petroleum, giving colourless prisms, m,p, 230°,
considered to be the adduet XXXIITa or XXXIIIb,

Analysis

Found$ C, 89,8; H, 5.3,

CezHze0 requires C, 91,55 H, 5.,7%.
Ultraviolet spectrum - Fig, 6,
Infrared spectrum (ams’l)

1630(w), 1600(w), 1210(m), 1180(m), 970(s), 760, 720, 700,

(Cz:C).

From the ethanolic filtrate, compound I (1 g,) was
obtained, m,p., 139°, after recrystallisation from iso-
propanocl,

The ultraviolet spectrum of compound I changed with
time and showed an isosbestic point at 275 mp. (Fig, 2).

A solution of the hydrocarbon I (0,1 g.) in hexane
(500 ml,) became colourless after two days, From the
colourless solution, which had a blue fluorescence, colour-
less plates, m.p. 199°, were obtained, which were identifled
by mixed m,p, with an authentic sample as l:4-diphenyl-

2,3-benzofluorene (XIV),

Ozonolysis
Hydrocarbon I (0,1 g.) was dissolved in carbon tetra-

chloride (25 ml,) and a steady stream of ozone passed through
the solution for 45 minutes until a pale yellow ozonide

separated, Steam distillation of the reaction mixture
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gave an agueous distillate containing a small guantlty of
0il which erystallised three months later, ?he erystals
melted at 48° and were shown to be crystals of benzophenone
by mixed m,p, with an authentiec sample and by characterilsation
as the 2:4-dinitrophenylhydrazone, m,p. 258°, No other product
could be isolated,

Ozone was passed through a solution of the hydrocarbon
(0.75 go) dissolved in carbon tetrachloride (100 ml,) for 25
minutes until the solution became colourless, The reaction
mixture was steam distilled, The aqueous distillate had
the characteristic odour of benzaldshyde, The distillate
was extracted with ether and the ether extracts were
evaporated., The residual oil was oxldised with hot agueous
potassium permanganate, decolourised with sulphurous acild
and evaporated to small volume. On cooling, benzole acid
separated in needles, m,p, 121°, No other product could

be isolated,

Preparation of l:l:4-triphenyl-2:2,5:3-tetracyano-1,2,3,4~
tetrahydrofluorens (IX)

Compound I (0,25 g.) and tetracyanoethylene (0.08 g.)

were boiled in benzene (10 ml,) for 4 hours, On cooling
colourless needles of the adduct separated, which were

crystallised from benzene, The adduct has no distinet m,p.
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Analysis
Found: C, 84,2; H, 4.,5; N, 10.8,

CasHaaNg requires C, 84.3; H, 4,5; N, 11,29,
Ultraviolet spectrum - FPig, 3,

Under similar conditions, 1l:1:2:4-tetraphenylbutadiens
(IV) did not give an adduct with tetracyanoethylene, Compound
I and compound IV did not form adducts with maleic anhydride.

Preparation of S-benghydryl-Z2-benzylindens (X)

Compound I (0,2 g.) was dissolved in moist ether
(50 ml1,) and reduced with aluminium amalgam by Thiele's
methodl1 for three days, The reaction mixture was filtered
and the filtrate evaporated, The residus was crystallised
first from ethanol and then from light petroleum, giving
colourless crystals, m.p. 115=6°,

Analysis
Found: C, 93,53 H, 6,5,
CaoHzq requires C, 93,65 H, 6.5%.

Ultraviolet spectrum -~ Fig, 3.

Preparation of l:4-diphenyl-2,3-benzofluorene (XIV)

Welss and Beller, Wonatsh, 1832, 61, 143,
2:5-Diphenyl-3,4~benzofuran (XVII) (2.5 g.) and indens
(1.25 go) were suspended in ethanol (30 ml,) and hydrogen
chloride passed through the suspension for 1 hour, Yield:
2.8 g« 85%. m.p. 197-9°(after crystallisation from ethanol).

(Lit. m.p. 199°).
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Analysis
Found: C, 983,93 H, 5.9.

Calc. for Gagﬂggz C, 94.5; H’ 5.5%.

Ultraviolet spectrum - Fig, 2.

Preparation of 2-benzyl~l-nydrindone

ef, Mills and Akers, J., 1925, 2478.
Hydrogenation of 2-benzylidene-l-hydrindone (VI)
(11 g.) in ethanol (100 ml,) with hydrogen at 5 atmos, and
palladium on barium sulphate gave benzylhydrindone in 78¢%
yield (8,7 g.)s; bep. 206°/12 m,m,
Analysis
Found: C, 86,33 H, 6.3.
Cale, for CpgH;,0: C, 86,43 H, 6,3%.
Ultraviolet spectrum )max, 283, 240 mp, (log, & 3.58, 4,28)
Amin, 260, 220 mp. (logio€ 3.06, 3.89)
Semicarbazone m,p, 199° (Lit, m.p., 198.0°)
2:4-Dinitrophenylhydrazone m,p, 196=7°,

Preparation of 2~benzyl-l-hydroxyhydrindene
2~Benzyl-~l-hydrindone (10,1 g,) was added to a solutlon
of aluminium isopropoxide, prepared by dissolving aluminium
turnings (4 g.) in isopropanol (80 ml,) in the presence of
mercuric chloride (0,2 g.) and carbon tetrachloride (0,8 ml,),
and the reaction mixture bolled for 4 hours, The acetone

formed was allowed to distil off. Most of the solvent was
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evaporated and the residual solution acidified with hydro-
chloric acid and extracted with ether, The ether extracts
were washed with water, dried over sodium sulphate, filtered
and the solvent evaporated, The residual oil erystallised
from light petroleum in colourless needles (8.2 g.), MeDPs
104-5°, 81% yield.
Analysis
Found: C, 85,935 H, 7.4.
CieHae0 requires C, 85,7; H, 7.2%.

Preparation of 2-benzylindene

Dehydration of 2-benzyl-l-hydroxyhydrindene (7 g.)
with formic acid gave 2-benzylindene (3 g.), b.p. 116°/
0,05 m.m., Mm,ps 48°, 457 yield,

Analysils
FPound: ¢, 92.,8; H, 6,8,
CieHis requires C, 93,2; H, 6,8%,

Ultraviolet spectrum - Fig., 3,

Preparation of l-diphenylmethylene-2-benzylindene (II)
¢f. Courtot, Ann, Chim, 1916, 5, 65.

2-Benzylindene (2,06 g.) dissolved in toluene (8 ml,)
and ether (4 ml,) was added to & solution of ethylmagnesium
bromide, prepared from ethyl bromide (0,8 ml,) in ether
(30 ml,) and magnesium (0,25 g.). The ether was distilled

off and the tolusne solution bolled for 5 hours, The
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solution was cooled and & soclution of benzophenone (1,8 g,)
in ether (20 ml,) was added, The reaction mixture was boiled
for 30 minutes, poured on & mixture of lce and dilute hydro-
chloric acid and extracted with ether. The organic layer was
gseparated, the solvent evaporated and the residual oil heated
with formiec seld (10 ml,) for 1 hour at 100°, An orange oil
was produced, The reaction mixture was poured into water,
extracted with ether and the ether extracts washed with sodlum
carbonate solution, The dried ether extracts were evaporated
and the residual oll, dissolved in a small volume of benzene,
chromatographed on alumina and developed with light petroleum,
2~Benzylidene (0.5 g.) was recovered from the colourless

first fraction, The orange frectlon was evaporated and the
residue was crystallised from ethanol, glving golden hexagonal
prisms, m,p, 126°,

Analysis

Found: OC, 94,23 H, 6,0.

Caollzz requires C, 94,0; H, 6,0%.
Ultraviolet spectrum - Flg, 4.

Thiele reduction of a sample of compound II with
aluninium amalgam in molst ether gave 3-benzhydryl-2-benzyl-
indene (X), m,p, 115-116°, identical with the product obtained
by & similar reduction of l-diphenylmethylene-2-benzylidene-

hydrindene (I).
An attempt to prepare compound II by boiling equimolecular

proportions of benzophenone and indene in ethanolic sodium ethoxide

for 10 hours was unsuccessful, Only resinous materials were isoclated.
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Preparation of g~phenylisovaleric acid

Koelseh and Ls Clalre, J, Org, Chem, 1541, 6, 526,
Oxldation of 4-methyl-4-phenylpentan-2-one (35 g.),
prepared in 45% yleld by the drcpwise additlon of mesityl
oxlde to benzene containing aluminium chloride at below
109, with 3.3 N sodium hypochlorite solution (400 ml,)
gave a 387 yleld (13.4 g.) of pe-phenylisovaleric acid,
bepe 158-162°/10 mym, (Lit, beps 155°/10 m,m,).

Preparation of 3:3-dimethyl-l-hydrindone

Koelsch and Le Clalire, J, Org, Chem, 1941, 6, 520,
f=FPhenylisovaleryl chloride (9.9 g.), prepared by
heating the acld with thionyl chlorilde, was cyclised by
aluninium chloride (10 g.) in benzene (50 ml,), glving
the ketone in 53% yield (4.5 g.), b.p. 110°/8 mm,
2:4-Dinitrophenylhydrazone m,p. 270°,

Analysis
Found: N’ 15.90 Cl?H;aH&O‘ I‘Qquiraa N' 18.5%.

Preparation of 3:35-dlmethyl-2-benzylidene-l-hydrindone
A solution of 3:13-dimethyl-l-hydrindone (4 g.),

benzaldehyde (2.7 g.) and potassium hydroxide (1 g.) in
ethanol (20 ml,), was boiled for 15 minutes and poured

into water, The o0il which separated, crystallised on
standing and was recrystallised from light petroleum, giving
pale yellow crystals (l.l g.), m.p. 79-80°, 187 yield,
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Analysis
Found: C, 86,93 H, 6,3,

CygH; 60 requires C, 87,13 H, 6,57,
Infrared spectrum (uma'l) 1700(s) 1620(s) 1580(m) 1320(m)
(C:0) (c:C) (C(CHg)a)
The 2:4-dinitrophenylhydrazone crystellised from acstic acid

in orange needles and crimson plates,

Analysis
Pound: N, 12,9, Cg.HgoN.,0, requires N, 12,69,

Preparation of l-diphenylmethylsne-2-benzylidene-5:3-dimethyl-

hydrindene (III),

3:3-Dimethyl-2-benzylidene~l-hydrindone (0,76 g.) and

diphenylketens (0.59 g.) were heated under nitrogen in &
sealed tube for 3 hours at 168°, The reaction mixture was
dissolved in a small quantity of ether and chromatographed
on alumina, Development with light petroleum gave an
orange fraction which was evaporated, The residue
crystallised from benzene and light petroleum in colourless
needles, m,p, 225°, which gave yellow solutions in organie
solvents,
Analysis
Found: ¢, 93,33 H, 6,6.
CsiHge requires C, 93.4; H, 6.6%.



The benzene and light petroleum mother liguor deposited
colourless plates on standing, which on recrystallisatlion from
ethanol melted at 230°, This substance was shown to be l:4~
diphenyl-9:9~dimethyl-R,3-benzofluorene (XVI) by mixed m.p.
with an authentic sample,

The hydrindene (III) underwent ring~closure with
spontanecus dehydrogenation in hexane solution to glve the

benzofluorene (XVI),

Preparation of 1l:4-diphenyl-9:9-dimethyl-2,35-benzofluorens
(Xvi)

3:13-Dimethyl=l-hydrindone (5,2 g.) was reduced by

aluminium 1sopropoxide in isopropanol as 1s described on p.
3:3=-Dimethyl-l-hydroxyhydrindene could not be induced to
crystallise.
Infrared spectrum (cma"l) 3,300(s) 1355(m)

(O1H) (C(CHz)z)

On heating the c¢rude aleohol with formic acid (5 ml,)
for 1 hour at 100°, esterification and not dshydration was
the main reaction, The formate was an oll with a
characteristic cdour, b,p. 60-70°/0,56 m,m. It reduced
ammoniacal silver nitrate to give a silver mirror.

Analysis
Found: C, 79,33 H, 7.9,
CisH140s requires C, 75.8; H, 7.4%.
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Infrared spectrum (ems=}) 1720(s) 1350 (m) 1175(s)

(C:0) (C(CHz)z) (formate)
The ester (1 g,) and 2:5-dimethyl-3,4~benzofuran
(XVII (1 g.) were suspended in ethanol (10 ml,) and hydrogen
chloride was passed through the suspension for 1 hour, The
product (XVII) on erystallisation from ethanol and re-

crystallisation from light petroleum gave colourless plates,
MePe 230%,

Analysls
Found: C, 93,33 H, 6.9,
Cs1Hes requires C, 93.8, H, 6,1%.
Ultraviolet spectrum - Amax, 322, 308, 272, 260 mu.(logy € 4,.,41),
4,36,4.87, 4,70) |
Amin, 315, 293,265, 240 mp.(logy o€ 4.22,

4,05, 4,69, 4,51)

Attempted graggrét;on of l-diphenylmethylene-2-bsnzylidens

hydrindene (I) by the Wittlg reaction
cfs Coffman and Marvel, J, Amer, Chem, Soec,, 1929, 51, 3499,

Harrison, Lythgoe and Tripett, J,, 1955, 4016,
Wittlig and Schollkopf, Ber,, 1954, 87, 1326,
Benzhydryl triphenylposphonium bromlide wes prepared by

boiling a solution of triphenylphosphine (13,1 g.) and benz-

hydryl bromide (13 g.,) in acetone (60 ml,) for 4 hours, The

solvent was evaporated, The residue was ground in a mortar

and boiled in benzene to remove impurities, Yield: 20 g.
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A solution of phenyl lithium was prepared by adding
finely sliced lithium (3 g.) to bromobenzene (32 g.) dissolved
in ether (100 ml,) in an atmosphere of nitrogen, The reaction
mixture was boiled for 1 hour and filtered through 2 sintered
glass filter in an atmosphere of nitrogen. The solution was
standardised against 1 N hydrochloric acid,

The quaternary compound (11 g, 0,022 M) was suspended
in ether (50 ml,) end phenyl-lithium solution (50 ml, 0,035 M)
added, The reactlion mixture turned bright red, The ether
solvent was replaced by benzene (100 ml,) and the hot benzene
solution was filtered in an atmosphere of nitrogen to remove
lithium bromide, The filtrate deposited bright red needles
of triphenylphosphinediphenylmethylene (XIX) on cooling,

2-Benzylidene-l-hydrindone (VI) (4 g. 0.018 M)
dissolved in benzene (50 ml,) was.added to the suspension of
the phosphinemethylene (XIX), The reaction mixture was
boiled for 3 hours in an atmoaphere of nitrogen, The
phosphinemethylene redissolved giving a red solution but
no reaction was apparent, The red colour of the solution was
expected to disappear as the phosphinemethylene reacted, The
reaction mixture was poured into water, The organic layer
was separated, washed with water, dried over sodlium sulphate,
filtered and the filtrate was evaporated leaving a dark
yellow oil from which 2-benzylidene-l-hydrindone (2«4 g,.)
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was recovered on trituration with ethanol., The ethanol mother
liguors wers evaporated, leaving & yellow oll with a disagree~-

abls odour,

Attempted preparation of benzhydrylmagnesium bromlde

A cyclie reactor, as described in Kharash and Reinmuthal,

was set up, A diagram of the apparatus is shown opposite,
Magnesium turnings (25 g,) were mixed with mercuriec
bromide (5 g.) and packed in the vertical tube, Bther was
circulated through the apparatus to wash the amalgamated
magnesium free from the excess of mersuric bromide.

The system attains high dllution by continuously
recycling an initial amount of ether (250 ml,). Benszhydryl
bromide (7.4 g.) dissolved in ether (150 ml,)yas added over
a period of 16 hours to the solvent stream as 1t enters the
top of the verticel tube packed with amalgamated magnesium,
The Grignard reagent formed was swept into and accumulated
in a flask, heated on & water bath, while the solvent was
refluxed back into the reaction tube,

A quantitative yleld of symm, tetraphenylethane was

obtained, Gilman's test for Crignard raagentssa

using
Mischler's ketone, was negative,

The reaction was repeated with l-tetralone (1.5 g.)
in the flask. The infrared spectrum of the residual oil
after evaporation of the ether showed the absence of the

characteristic hydroxyl band at 3,400 cms™l,



Preparation of diphenylbenzofulvanol

Courtot, Ann, Chim,, 1916, 5, 656,

Indene (116 ml,) dissolved in toluene (300 ml,) was
added to Q solution of ethylmagnesium bromide, prepared from
ethyl bromide (75 ml,) in ether (300 ml,) and magnesium
(24 go)s The ether was distilled off and the toluene solution
bolled for 3 hours, The solution was cooled to 10° and a
solution of benzophenons (175 g,) in ether (200 ml,) was
added over & period of 1 hour, The reaction mixture was
bolled for 2 hours, poured into dilute hydrochloric acid
and extracted with ether, The organle layer was sepearated,
washed with dllute sodium carbonate solution and the driled
solution evaporated, leaving colourless erystals (175 g.)
of the fulvanol, A sample was recrystallised from ethanol,
giving prisms, m.p., 130° (Lit, m,p.131-2°),

Dehydration of a sample with formic acid gave l-diphenyl-
methyleneindene, m.p. 115~116°, after ecrystallisation from

ethanol (Lit, m.p. 116°),

Preparation of l-diphenylmethylenehydrindene

ef. Courtot, Ann, Chim,, 1616, 5, 65,

Hydrogenation of diphenylbenzofulvanol (22,8 g.) in
ethanol (250 ml,) with hydrogen at 5 atmos, and Raney nickel,
resulted in a theoretical uptake of hydrogen within 15
minutes, The dihydrobenzofulvanol crystallised from 1so-

propanol in colourless prisms (23,5 g.), Mepe. 85° (Lit, m.p.
90°), 78% yield.
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Analysis
Found: C, 88,03 H, 6,8,

Calec, for CagHz o0: C, 88.0; H, 6.7%0
On bolling a solution of diphenyldihydrobenzofulvanol

(9 g+) in ethanol (40 ml,) and hydrochloriec acid (10 ml,)

for 5 mlnutes, dehydration of the fulvanol occurred and on
cooling to 5° a sticky solid separated which on erystallisation
from methanol (200 ml,.) gave l-diphenylmethylenehydrindene
(XXI) (646 go)y mepe 92° (Lit, m.pe. 92°), 77¢ yleld.

Attempted preparation of l-diphenylmethylens-2-bromohydrindene
XXII

On warming l-diphenylmethylenehydrindene (XXI) (1,42 g.)
and N-bromosuceinimide (0,89 g.) in carbon tetrachloride (10 ml,),
a vigorous reaction occurred with the evolution of hydrogen
bromide and the reaction mixture turned orange, It was
flltered and the filtrate was evaporated, leaving a quanti-
tative yield of erude l-diphenylmethyleneindene (XV), which
was purified by chromatography on alunina, Recrystallisation
from ethanol gave bright yellow needles, m,pe. 114-5° (Lit,
mspe 116°),
Ultraviolet spectrum - Flg,. 4.
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Preparsatlion of JS~benzhydrylindene
Thiele and Merck, Ann,, 1918, 415, 267,

1-Diphenylmethyleneindene (1 g,) dissolved in molst
ether (40 ml,) was reduced with aluminium amalgam for 30
hours, The reaction mixture was flltered and the filtrate
evaporataed, The residual oil was crystallised from ethanol
giving colourless crystals (0.6 g.), 59% yield, m.p. 112-3°
(Lit, m.pe 113-114°),

Ultraviolet spectrum - Fig, S,

Ozonolysis of the adduct of diphenylketene and l-diphenyl-

methylene-S-banzylidensacenaphthens, considered to have

structure XXXVa or XAXVb

The adduct (0.1 g.) was dissolved in ethyl acetate (25 ml,)
and carbon tetrachloride (25 ml,) and ozone passed through the
solution for 30 minutes, Within 15 minutes the yellow solution
became colourless, The solution was steam distilled and the
aqueous distillate extracted with ether, The ether extract,
on evaporation, left an oll which was identified as benzo-
phenone by characterisation as the 2:4-dinitrophenylhydrazone,
MePe 238°, The mixed m,p, with & sample of benzophenone
2:4-dinitrophenylhydrazone was not depressed, No other

product eould be isolated,
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Preparation of 10-(9-hydroxyphenanthryloxy)-diphenylacstic

acid lactone (XLI)

¢f, Schonberg and Vustafa, J,, 1947, 997,
Diphenylketene (2 g.) and 9,l0-phenanthrenequinone
(1 g«) in benzene (37 ml,) were left in bright sunlight for
3 days, The quinone gradually dissolved and from the brown
solution a solid separated, which was crystalllised from
benzene, giving colourless needles, mep, 237° (yellow melt)
(Lit. m,ps 227-230°),
Analysis
Found: C, 834,53 H, 4,5.
Cale, for OggHy;05: C, 83.63 H, 4.5%.
Infrared spectrum (ams“l) 1780(s) 1650(w) 1600(w)
(C20) (C:C)



Section 2

The Conversion of 2-Benzylidene-3-carboxy-l-hydrindone
into 2~Phenylnaphthalene Derivatives
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Discussion

The reduction of the carbonyl group to the methylene
group through the hydrazone was discovered in 1911 by Kiahnar82
and by Wolffss in 1912, The reaction, which involves heating
the ketone with 1004 hydrazine hydrate in the presence of
sodium ethoxide in ethanol in a sealed tube is difficult to
carry out and safety measures are necessary. In the Huang-
minlon modification®® the carbonyl compound 1ls heated with
potassium hydroxide and hydrazine hydrate in a high boiling
solvent such as ethylene glycol., Wolff-Kishner reduction
of apg-unsaturated ketones frequently glves elther hydro-
carbons or cyclopropane derivatives through an intermediate
pyrazoline and the Huang-minlon modification of this method
yields chiefly cyclopropane derivativeaas. For oxamp1086,

the reduction of benzylideneacetophenone by the Huang-

minlon modification gives 1,2-diphenyleyclopropane in 86%

yield,
PRCH=CH.CO.Ph PhCHCHoCHPh PhCHf:Hz
¢ —— _l = \C + N>
HoN.NH) N =N H/ \ph

It seemed unlikely that reductlion of 2-benzylidene~3-
carboxy-l-hydrindone (XXV) would give the cyclopropane
derivative (XLIII), as ring strain in the cyclopropane
derivative would be considerable and it was hoped that

reduction of the keto group would occur to glve Z2-benzyli-
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denehydrindene-l=carboxylic acid (XXIV).

H
/
CHPh CHPh
xcm CO2H XXV COoH XX1V CO5H

Attempted Wolff-Kishner reduction of the keto acid
(XXV) by the Huang-minlon modification gave three products,
1,2-dihydro-3-phenylnaphthalene (XLIV), 1,2-dlhydro-3-
phenylnaphthalene-l~carboxylic acid (XLV) and a hydrocarbon,
mep., 30°, considered to be Z2-benzylidenehydrindene (XXVI)
because it differs from the 1someric Z2-benzylindene and its
ultraviolet spectrum (Fig, 8) indicates that the compound
contains a phenyl-conjugated double bond.

The structure of 1l,2-dlhydro-3-phenylnaphthalene
(XLIV) whose m.p. 52° rises to 65-66° when this substance
is kept in air or 1s repeatedly crystallised, was
established by dehydrogenation to Z-phenylnaphthalene
(XLIV) with N-bromosuccinimide, by mixed m,p. with an
authentile aampleBV, by characterisation as the trinitro-
benzene derivative and by the simllarity of its ultraviolet
spsctrun to that of trang-stilbene (Fig. 8).

The structure of 1,2-dihydro-3-phenylnaphthalene=le
carboxylic acld (XLV) was established by dehydrogenation



SCHEME G

¢ NH3 |
- C.fph
CHPh —=5 .
H
XX CO2H (W] COoH
_N2
' /Ph
C
2l mH
CHPh o
XXV XL CcO,H
Ph Ph
=20
~
XLVII XLV
CO2H i COpH
l—COz l—COg
Ph
-2H Ph
————

>
=
<
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with chloranil to 3-phenyl-l-naphthoic acid (XLVII) and by
the simlilarity of its ultraviolet spectrum to those of 1,2~
dihydro-3-phenylnaphthalens (XLIV)(Fig, 9) and trans-
stilbene (Fig. 8). Decarboxylation of the acid by heating
in 4-methylguinoline and copper brorze gave 2-phenyl-
naphthalene (XLVI) in nearly quantitative yield in contrast
to the 60% yleld of naphthalene, obtained from l-naphthoie
acid under the same conditions, £=FPhenylnaphthalene
(XLVI) was 1identified by mixed m,p, with an authentic B&mplg?.

Attempts to synthesise 2-benzylidenehydrindene (XXVI)
by an alternative route, to confirm the identity of compound
mepe 50°, were unsuccessful,

Despite the fact that Porter and Suters

report the
preparation of indene-2-carboxylic acld from Z2-bromoindene
through the Grignard derivative, the Grignard derivative
could not be induced to form, so that the following scheme

of reactions could not be completed,

OH
- H20 / \
X
+ PhCHO
v
+2H
& Hzo — / \
cHfh e | CHPh
2 X OH
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A further attempt to prepare 2-benzylidenehydrindene

(XXVI) by the dehydration of 2-benzyl-2-hydroxyhydrindene
(XLVIII) was unsuccessful, since on dehydration of the hydroxy
compound (XLVIII) only 2~benzylindene was obtalned., In the
preparation of benzylhydroxyhydrindene (XLVIII) by the inter-
action of 2-hydrindone and benzylmagnesium chloride, according
to the conditions of the experiment, other products included
l=(2-hydroxyhydrinden-2~yl )=-2~hydrindone (XLIX), bls-anhydro-
2-hydrindone (L) and the compound (LI) formed from the ketone

(XLIX) and the Grignard derivative,

+PhCHMgC! OH
O * CH2Ph
kffinHzo
CH2Ph
PhCH>
+ MgCl OH
o —
CH,Ph
OH OH

>
=
>
s
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An analogous series of products was obtained by Koelsch
and Johnatonl2 by the interaction of 2-hydrindone with methyl-

magnesium bromide,

2-Hydrindone undergoes self-condensation in the presence

of methanolic ammonia to gilve compound XLIX64.

It is probable that 2-benzylidene~3-carboxyhydrindone
(XXV) forms the pyrazoline (LII), which loses nitrogen to
give 2-benzylidenshydrindens (XXVI) or the cyclopropane
derivative (XLIII), the ring strain of which 1s relieved by
rearrangement to a dihydronaphthalene (see scheme ).

This mechanism is supported by the fact that indene
reacts with dichlorocarbene to give the cyclopropane

derivative (LIII), which can be converted in almost quanti-
89, 90

tative yleld into 2-chloronaphthalene .
Cl
/
C~gi
+CCly — "'HC!

Lm

The converslon of Z-benzylidene-3-¢arboxy-l-hydrindone
(XXV) to phenylnaphthalene derivatives suggests that it might
be possible to evolve a general method of ring enlargement of
monosubstituted 2-methylene cyclic ketones by Wolff-Kishner
reduction, For example, it might be possible to convert
2-benzylideneacenaphene~l-one (XI) to 2-phenylperinaphthene

(LIV) by this method,

Cl
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LIV

Unfortunately many benzylidene ketones dimerise in
strongly alkaeline solution. By conversion of the ketones
first to the pyrazoline and then decomposition of the pyra-
zoline in the presence of alkall, dimerisation of the ketone
might be avoided, On heating the pyrazoline of 2-benzyli-
dene-l-hydrindone with potassium hydroxide in ethylene glycol,
only polymeric material could be isolated, Despite the
failure of this preliminary experiment, ring enlargement
might be possible under different experimental conditions,
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Experimental

Preparation of l-hydrindone-3-carboxylic acid

Vargha et al,, Acta Chim, Acad, Hung,, 1954, 5, 116,

Phenylsuccinie¢ acid (110 g.) and phosphorus psntachloride
(220 g.) were mixed., When the exothermic reaction had subsided,
the reaction mixture was heated at 100° for 1 hour and then the
phosphorus oxychloride distilled off under reduced pressure,

Anhydrous aluminium chloride (110 g,) dissolved in
nitrobenzene (2560 ml,) was added to the acid chloride dissolved
in nitrobenzene (50 ml,). An exothermic reaction set in and
a vigorous evolution of hydrogen chloride occurred, When
the initial reactlon was over, the resction mixture was hsated
at 100° for 1li hours and the hot solution poured into dilute
hydrochloric acid (13 1.) and steam distilled, When all the
nitrobenzene had been removed, the aqueous solution was
decanted from tar formed, bolled with charcoal (5 g.) and
filtsred. On cooling, the product erystallised in colourless
plates,

Yield: 48 g, 48%. m,p. 83-4° (Lit. m,p. 83-5°)

Infrared spectrum (cma'l)

3,500(m) 2,700(m) 1,720(s) 1,700(s) 1,600(m) 1,250(m)

(oH) (o) (c=0) (C=0) (C=C) (COeH)
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Preparation of 2-benzylidene-3-carboxy-l-hydrindone (XXV)

l-Hydrindone-3-carboxylic acid (17.6 g.) and benzalde-
hyde (16 ml,) were dissolved in ethanol (40 ml,). The
solution was heated to boiling and 104 w,v, ethanolic
potassium hydroxide (100 ml,) added gradually, After the
addition of 90 ml,, the solution turned from yellow to green,
The reaction mixture was boiled for 5 minutes, cooled and
filtered, The insoluble residue was rejected, The
filtrate was acidified with hydrochloric acld, causing an
oil to separate, which solidifled on standing., The product
was bolled with benzene to remove soluble impurities,
Crude yield: 17,5 g., 66,5%, mepe. 160=3°,
A sample was crystallised from hot benzene (solubllity 1 g.
in 100 ml, benzene) giving colourless prisms, m,p. 169-170°,
Its ultraviolet spectrum (Fig, 7) resembled that of benzyli-
deneacatophenone,
Analysis
Found: C, 77.13 H, 4,5,
C17H1205 requires C, 77.25; H, 4.6%.
Infrared spectrum (cms"l}
2700(w) 1710(s) 1700(s) 1620(s) 1600(m) 1250(s)
(OH) (C:0) (C:0) (c:C) (C:C) (COgH)
Hydrogenation with hydrogen at 5 atmos, and palladium
on barium sulphate gave Z2-benzyl-3-carboxy-l-hydrindone

colourless needles, m,p., 114-5° after recrystallisation from
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benzene and light petroleum, Its ultraviolet spectrum
(Fig. 7) resembled that of w-benzylacetophenone,
Analysis
Found: C, 76,8; H, 5,3,
C19H1405 requires C, 76.8; H, 5.,3%.

Infrared spectrum (ams“l)
2,700(w) 1,710(s) 1,695(s) L600(m) 1240(=s)

(0H) (C:0) (C:0) (c30) (COgH)

Wolff-Kishner reduction of Z2~benzylidene-3-carboxy-—l-

hydrindone (XXV)
The keto-acld (XXV) (V.92 g.), potassium hydroxide,

99¢ hydrazine hydrate (4 ml,) and ethylene glycol (40 ml,)
were heated gradually to 180° during 1 hour and then boiled
for 1% hours at 195-200° after the water produced and the
hydrazine hydrate had been distilled off, The mixture was
poured into water, the resulting oll extracted with benzene
and washed with 107 w.,v. sodium hydroxide and then with
water, The extract was dried over sodium sulphate,
filtered and the flltrate evaporated, The residual oil
was fractionally distilled, to give an oil (3.8 g.)
which yielded 1,2-dihydro-3~phenylnaphthalene plates from
methanol, meps 52°,
Analysis
Found: C, 92,93 H, 6,6,
Calc, for CygHy .t C, 93.2; H, 6,89,
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Ultraviolet spectrum - Flg, 8.

Repeated crystallisation from ethanol raised the m,p.
to 58° giving a mixed m.p. of 58-60° with a sample m.p. 65-~66°
which had been kept in a stoppered bottle for several years,
Both samples, m,p., 58° and 65-66°, gave a trinitrobenzene
derivative, m.p. 110-111°, while dshydrogenation of the first-
named sample (0,69 g.) by boiling it for 15 minutes with N-
bromosuceinimide (0,6 g.) in carbon tetrachloride (20 ml,)
gave 2-phenylnaphthalene (XLVI) in 70% yield, m.p, and mixed
mepe 99° after crystallisation from methanol,

In a second experiment, the oil was fractionally dlstilled,
giving two main fractions, b.p. 126~8°/0,5 m,m, and 134-142°/
0.5 mems, the second fraction ylelding impure 1l,2-dihydro=-3-
phenylnaphthalene (XLIV). The first fraction (2,17 g.) in
ethanol with trinitrobenzene (2,9 g.) gave the adduct of
1,2-dihydro-3-phenylnaphthalene (2.3 g.), m.ps &nd mixed m,p.
110=-111°, The ethanolic filtrate was evaporated giving an
0il which was chromatographed in light petroleum on alumina,
Development with light petroleum gave a fraction which was
shown by infrared spectroscopy to be free from trinitrobenzene.
The solvent was evaporated and the residual oil was distilled
in a vacuum, The distillate ecrystallised from ethanol as

prisms, m.p. 30°, probably 2-benzylidenehydrindene (XXVI),
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Analysis
Found: C, 93,13 H, 6,7,

CieH14 requires C, 93.,2; H, 6.8%.
Ultraviolet spectrum - Fig, 8.

In one experiment, the agueous alkaline washings were
treated with hydrochloric acid giving 1,2-dihydro-3-phenyl-
naphthalene~-l-~carboxylic acid (XLV) needles from agueous
ethanol, m.p., 128-130°,

Analysis
Found: C, B8l.,4; H, 5.4.
Cy19H3402 requires C, 81,63 H, 5.6%.
Infrared spectrum (ems™ ) 2,700(w) 1,700(s) 1,600(w) 1,250 (m)
@©x) (c:0) (c:0) (o H)
The ultraviolet spectrum resembles that of impure 1,2-
dihydro-3-phenylnaphthalene, m.p. 58° more closely than that
of the pure hydrocarbon, m,p. 52° (see Filg. 9), and this
may indicate that the sample contains some dshydrogenated
acid. Dehydrogenation of the acid by chloranil in bolling
xylene gave 3-phenyl-l-naphthoic acid (XLVII) needles from
agueous ethanol, m,p., 222-4° (Lit. m.p. 221—20)88, identical

with a sample obtained from the alkaline extract of another

experiment,
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Analysls
Found: 81.,8; H, 4,8,

Ci9pH120s requires C, 82,2; H, 4,9%.
Infrared spectrum (ama'l)
2,700(w) 1685(s) 1620(w) 1600(w) 1250(s)
(0H) (c:0) (c:0) (c:c) C:))
3~Phenyl-l-naphthoic aecid (XLVII) (0.25 g.) when boiled
in 4-methylquinoline (5 ml,) with copper bronze for 5 hours,
gave 2-phenylnaphthalene (XLVI) (0.20 g.); Mmep. 2nd mixed

MeDe 99°,

Attempted conversion of 2-benzylidene-l-hydrindone (VI)

nto phenylnaphthalene derivatives
2-Benzylidene~l-hydrindone (VI) (6 g.) and 99%

hydrazine hydrate (3 ml,) were boiled in ethanol (15 ml,)
in an atmosphere of nitrogen for 2 hours, On cooling

the solution to 0°C,, no solid separated, indicating that
the ketone had been converted to the pyrazoline, as the
ketone is sparingly soluble in cold ethanol, The solution
was added to potassium hydroxide (1 g.) in ethylene glycol
(20 ml1,) and the reaction mixture heated at 200° for 1 hour
after the ethanol and hydrazine hydrate had been distilled
offy The reaction mixture was poured into water and the
solid filtered off, The material was insoluble in organic

solvents and the m.p, was over 250°, indicating that the

product was polymeric,
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Preparation of l-hydroxy-2-bromohydrindene

Porter and Suter, J, Amer, Chem, Soc,, 1935, 57, 2024,
Indene (40 g.) was emulsified with water (1 1,) at
90° and bromine solution (880 ml,) prepared by dissolving
bromine (20 ml,.,) in water (1 1,) containing potassium
bromide (100 g.), added with vigorous stirring., The
product was orystallised from agueous ethanol, Yield:

38 ge 499, m.p. 128° (Lit, m.p. 126,8°),

Preparation of 2-bromoindene

Porter and Suter, J., Amer, Chem, Soc., 1935, 57, 2024,
l-Hydroxy-2-bromchydrindene (40 g,) was added to
phosphorus pentoxide (14 g.) in carbon tetrachloride (300 ml,).
The reaction mixture was refluxed for 2 hours, The carbon
tetrachloride solution was decanted and after all the solvent
had been evaporated, the residual oil was distilled, Yileld:
16.1 gep 43,56%, beps 106°/6 m.m,.

Attempted preparation of Z2-indenylphenylearbinol
ef. Porter end Suter, J, Amer, Chem, Soc,., 1935, 57, 2024,

2-Bromoindens (6 g,) in ether (40 ml,) was added to
magnesium turnings (0,75 g.)s A few corystals of iodine
and a few ml, of ethylmagnesium bromide were added. No
reaction appeared to occur, even after refluxing for two
hours,

Benzaldehyde (3 ml,) in ether (10 ml,) was added
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dropwise with stirring., After boiling the reaction mixture
for 5 minutes, it was poured on to dilute sulphuric acid and
ice, A gum was obtailned which could not be induced to

crystallise,

Preparation of Z~hydrindone
Read and Hurst, J., 1922, 2550,

l-Hydroxy-2-bromohydrindene (47 g.) was added to
potassium hydroxide (13 g.) dissolved in ethancl (300 ml,).
The reaction mixture was boiled for 30 minutes with partial
evaporation of the solvent, An excess of dilute sulphuric
acid was added and the reaction mixture bolled for & further
30 minutes with evaporation of the rest of the ethanol, and
then steam distilled. Yield: 23 g. 79%. m.pe 57.8°.
(Lit, mepe 58°),

Attempted preparation of Z-benzylldenehydrindene (XXVI)

2-Hydrindone (10,2 g.) in ether (200 ml,) was added to
benzylmagnesium chloride, prepared from benzyl chloride ( 9 ml,)
in ether (100 ml,) and magnesium (2 g.,) to give as the main
product l-(2-hydroxyhydrinden-2-yl)-2-hydrindone (XLIX), m.p.
145°, which with formic acid gave bis-anhydro-2-hydrindone
(L), msps 173,5°,
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Analysils
Found: C, 82,03 H, 6,1,

Cale, for O oH 60z C, 81l.8; H, 6,1%.

Infrared spectrum (cms=l) 3,600(s) 1780(s)
(0oH) (C:0)

In a second experiment, 2-~hydrindone (23 g.,) in ether
(600 ml,) was added to benzylﬁagnasium chloride, prepared
from benzyl chloride (52 ml,) in ether (500 ml,) and megnesium
(11 g.) during 4 hours at 0°, Working up in the usual manner
gave & gum, which was dissolved in light petroleum and cooled
by acetone-solid carbon dloxlde, The resulting gum, on
solidification and recrystallisation from light petroleum,
gave Z2-benzyl-2-hydroxyhydrindene (XLVIII) (649 Ze¢)s MePe
gee,

Analysis
Found: C, 86,45; H, 7.2.
CieH160 requires C, 85,73 H, 7.2%.

The combined filtrates were chromatographed on alumina
and developed with light petroleum, The first fraction with
an intense violet fluorescence in ultraviolet light, gave on
evaporation, & solld, part of which dissolved in a limited
volume of light petroleum, leaving an insoluble residue,

The filtrate, when cooled to 0° gave 2-benzyl-2-hydroxy-
hydrindene (2,6 g.) while the residue when crystallised from
ethanol ylelded 2-benzyl-l-(2-hydroxyhydrinden-2-yl)-
hydrindene (LI), m.p. 160°, That the compound m,p. 160°

has the proposed structure 1s indicated by a strong hydroxy
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band at 3,400 cma"l but no carbonyl band in the infrared

spectrun,
Analysls
Founds C, 84,53 H, 6,5,
H, 6.8%.

025Ha403 requires C, 84.2;
A later chromatographic fraction gave bils-anhydro-2

hydrindone (L), m.p. 173-5°,
Dehydration of 2-benzyl-2-hydroxyhydrindene (XLVIII)
(2 go) with formic acid (5 ml,) ylelded only 2~benzylindene
(1e4 go), 76% yleld, m.,p, 48°, identical with the product
obtained by formie acid dehydration of l-hydroxy-2-benzyl-
hydrindene shown by m,p, and mixed m.p. 8nd by comparison

of their ultraviolet and infrared spectra,



Section 3

The Reaction of Diphenylketene with 2-Benzylidene-l-tetralone
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Discussion

It has been shown in the first section of this thesis
that l-diphenylmethylene-2~benzylidenehydrindene (I) undergoes
ring-closure with spontaneous dehydrogenatlion to give 1li4d-
diphenyl-2,3-benzofluorene (XIV), It was of interest to
investigate whether l-diphenylmethylens-2-benzylidene-
tetralin (LVII) would undergo an analogous reaction to yleld
3y4-dihydro-9,10-diphenyl-~l,2-benzanthracene (LVIII),

By heating diphenylketens and 2-benzylidens-l-tetralone
(LV) under nitrogen for 2 hours at 150° and then for 1 hour
at 170°, l-diphenylmethylene-g~bsanzylidenetetraline (LVII),
the & -lactone (LVI) end & hydroecarbon, m.p, 284°, were
obtained,

l-Diphenylmethylene-2~benzylidenetetralin (LVII)
resembled l-diphenylmethylens-2-benzylidenehydrindene (I)
in its physieal properties, It was obtalned as colourless
needles, myp, 165° (yellow melt), which turn yellow on
exposure to light, It gave bright yellow solutions which
did not obey Beer's law. On standing, solutions turned
colourless and colourless crystals of the hydrocarbon,
MePe 284°, were deposited, It 1s suggested that the
compound, m,p, 284° 1is 3,4-dihydro-2,10-diphenyl-l, 2~
benzanthracene (LVIII) and this is supported by the simi-
larity of its ultraviolet spectrum (Fig, 10) to that of
l:4-diphenyl-2,3~benzofluorene (XIV) (Fig, 2), and a
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molecular weight determination, which has shown that the
compound is a monomer, The compound cannot be 9,10
diphenyl-l,2-benzanthracene (LIX) or 6-phenyl-7,8-9,10-
dibenzopyrene (LX) as these compounds have been synthesised
and.melt at 196° and 242° respectivelygl.

An attempt to dehydrogenate the dihydro-compound
(LVIII) to the benzanthracene (LIX) by boiling it with
chloranll in xylene for 3 hours, was unsuccessful, The
dihydro-compound (LVIII) was rscovered in over 80% yield,
Attempted dehydrogenation of l-diphenylmethylene~E~benzyli-
denetetralin (LVII) with ehloranil in xylene failed also.
Possibly a quinone with a higher redox potential such as
tetrachlord—1,2-benzoquinone or tetracyano-l:4-benzoquinone
might effect dehydrogenation, Chloranil dehydrogenatos
tetralin to naphthalene quantitatively when the two compounds
are bolled in xylene at 135° for 20 hours, whereas quantli-
tative dehydrogenatlion occurs when tetralin and tetrachloro-

1l,2~benzoquinone are boiled in benzene for 2 hoursgz.
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Preparation of Z2-benzylidene-l-tetralons (LV)

van Alphen and Prost, Reec, Trav, chim,, 1950, 69, 1080.
l1-Tetralone (7.3 g.) and benzaldehyde (5.3 g.) in
ethanol (20 ml,) were condensed at room temperature in the
presence of a few ml, of 10¥ w.,v, ethanolic potassium
hydroxlde, The product was recrystallised from ethanol,
Yield: 8,3 ge Y0%. m.p. 1056~6° (Lit, m.p. 106-7°),

Preparation of l-diphenylmethylene-L~benzylidenetetralin

LVII

2~Benzylidene~-l~tstralone (LV) (6.25 g.) and di-
phenylketene (5,2 g.) were heated under nitrogen for 2
hours at 150° and then for 1 hour at 170°, The reaction
mixture was treated with ether and the solid formed flltered
off and recrystallised from ethanol, giving colourless
prisms (2.85 g.) of the & -lactone (LVI), m.p. 191°,

Analysis
Pound: C, 87,13 H, 5,3,

Cz1Hp40g requires C, 86,93 H, 5.6.

Infrered spectrum (ems™ ) 1765(s) 1680(w) 1600(w) 1120(s) 1135(s)
(C30) (CsC)

The filtrate was evaporated and the residue dissolved
in benzene and chromatographed on alumina, Development
with light petroleum gave a bright yellow fraction with a

déep blue fluorescence, The solvent was evaporated and
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the residue boiled with ethanol (10 ml,). The insoluble
material was filtered off and recrystallised from benzene
and light petroleum, giving colourless needles, m,p., 284°,
consldered to be 3,4-dihydro-9,10-diphenyl-~l,2~benzanthra-
cene (LVIII),
Analysis
Found: C, 93,0; H, 6,0.
CsoBae reguires C, 94,235 H, 5.8%.

M, W, found: 3803 CzpHz, requires 382, .

Ultreviolet spectrum - Fig, 10. (The compound was very

sparingly soluble in organle solvents sultable for

Spectroscopys.)

The spectrum was taken on a solution of the compound

(0.7 mge) in ethanol (100 ml,),

The ethanoliec filtrate gave l-diphenylmethylene-2-
benzylidenetetralin (LVII) (0.62 g.) as colourless needles,
MmePs 1656° on cooling,

Analysls
Found: C, 93,73 H, 6.1,

Caolae requires C, 93,73 H, 6,3%.

Ultraviolet spectrum - Flg, 10. The spectrum changed with
time and showed an isosbestic point at 280 mp,

The compound (LVII) (0,17 g.) was dissolved in hexane

(600 ml,) and exposed to sunlight for 4 days. The solution

became colourless and crystals, m.p. 284° separated,
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The compound, m,p. 2684° (0,03 g.) was boiled with
chloranil (0,1 g.) in xylene (2 ml,) for 3 hours, On
cooling, the compound was recovered in 84% yield.

1-Diphenylmethylene~-2~benzylidenetetralin (LVII)

(0.08 go) was boiled with chloranil (0,1 g.) in xylene

(2 ml,) for 3 hours, The reaction mixture was chromato-
graphed on alumina and developed with light petroleum,

The fraction with the deep blue fluorescence was evaporated
and the reslidue crystallised from ethanol, giving colourless
needles, m,p., 165°, The mixed m.p, with a sample of the

tetralin (LVII) was not depressed.



Section 4

The Reaction of Diphenylketene with Z2-Benzylidene-
S=carboxy~l-hydrindone
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Discussion

In an attempt to prepare l-diphenylmethylene-2-benzyll-
dene-3~-carboxyhydrindene (IXI) or the anhydride (ILXII),
equimolecular proportions of 2-benzylidene~-3~carboxy-l-
hydrindone (XXV) and diphenylketene wers heated under nitrogen
for 3 hours at 180-190°, By extracting the reaction product
with 1light petroleum in = soxhlet extractor, two compounds
were obtained, a red compound insoluble in petroleum which
erystallised from ethanol in red needles, m,p, 265° and a
yellow compound soluble in petroleum which ecrystallised from
ethanol in golden-yellow nsedles, m,p. 195°,

The red compound was soluble in aqueous sodium
hydroxide, sodium carbonate and ammonia giving purple solutlions
but was insoluble in saturated sodium bicarbonate solution,
It readily formed a p-nitrobenzyl derivative, and was
unaffected by boiling in Quinoline with copper bronze, No
degradation product could be 1solated after attempted
ozonolysis, The compound absorbed in the infrared at 3,300
ems =1 weakly and at 1700 cms"l strongly, consistent with a
compound containing a hydroxy and a carbonyl group. The
compound dissolved 1n concentrated sulphurlc acid giving a
green solution,

The yellow compound was insoluble in aqueous alkalil
but on warming with ethanolic potassium hydroxide, 1t gave

a purple solution, The Infrared spectrum showed two strong
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absorptions at 1750 ems™ and 1710 cms suggesting the
presence of two carbonyl groups, the former possibly due
to the carbonyl stretching vibrations of an ester group.
No absorption corresponding to the hydroxyl group was
present,

When equlmolecular proportions of Z2«benzylidensc~3-
carboxy-l-hydrindone (XXV) and diphenylketene were boiled
in benzene for 2 hours, the anhydride (IXIII) was obtained,
separating from the solution on cooling, It had no
distinct mspe. but decomposed between 180-190° giving the
red compound, The benzene solution was extracted with
aqueous alkall until the extracts were colourless. On
acidification of the purple extracts with hydrochloric acild,
the red compound was precipitated, The 'neutral'! dried |
benzene extract after some days deposlted diphenylacetie
acid and on re-~extraction with adqueous alkali, a further
quantity of the red compound was obtained,

The explanation for thess unexpected results is that
the red compound 1s 4-hydroxy-2,3-benzofluorenone (LXIV)
and the yellow compound 1ls the diphenylacetate (LXV),
4-Hydroxy-2,3-benzofluorenone (LXIV ) is formed by the
cyclisation of the anhydride (LXIII) with the elimination
of diphenylacetic acid, and the diphenylacetate (LXV)
by the reaction of the hydroxy compound (ILXIV) with

diphenylketene, The proposed structures of the 4-hydroxy
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compound (LXIV) and 1ts diphenylacetate (ILXV) are supported
by analyses, by their infrared spectra and by comparison

of thelr ultraviolet spectra and physical propertises with
compounds of simlilar structure,

The phenol (IXIV) shares the notabia colour of
2-hydroxyfluorenone (LXVI)gs, 3-hydroxyfluorenone (LXVII)94
and 4~-hydroxyfluorenone (LXVIII)95 which give red solutions
in agueous sodium hydroxide. l-Phenyl-4-hydroxy=-<,5-
benzofluorenone (LXIX, HmPhjgs 1s an orange compound which
gives a purple solution in aqueous alkali and a green
solution in concentrated sulphurie acld, The ultraviolet
spectra of this compound and 4-hydroxy-2,3-benzofluorsnone
are very similar, lié-Dihydroxy=-e,3-benzofluorenone
(LXIX, R=0H) and the monomethyl ether (LXIX, R=C1lCHs,) are

orange compounds giving blue-violet solutions in alkaligv.

In the deeply coloured anion of 4=nYATOXY =L 5 o=
benzofluorenone (ILXIVa), the negetive charge is distributed
presumably between the two oxygen atoms through the benzene

ring,
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The anions of the hydroxyfluorenones mentloned above contain
a similar chromophore, 7-Hydroxy-l-ketoindene-2',3' 3,4~
coumarin (L')(X)g8 is soluble in agueous potassium hydroxide
giving an intense blue solution. The anion (LXXa) contains

a chromophore similar to that of the hydroxyfluorenones,

The ultraviolet spectrum of the diphenylacetate (LXV)
(Fig, 12) is remarkably similar to that of the parent compound
2, 5-benzofluorenone (L)CXI)99 and to l-anisyl-4-phenyl-2,3-
benzofluorsnone (LXXII). The phenyl substituents in the

latter are non-coplanar and show a weak bathochromie effectloo.
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This investigation not only introduces a novel synthesis

of 4-hydroxy-t ;3-benzofluorenone (ILXIV), & cyclisation method
which might have wider applleation, but proves that 2-benzyli-

dene~3~carboxy~lL-hydrindone has structure XXVa and not structure

XXVb,

x
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a
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o
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Experimental

Preparation of 4-hydroxy-2,3-~benzofluorenone (IXIV)

2-Benzylidene~3=-carboxy-l~hydrindone (XXV) (3 g.) and

diphenylketene (2.4 g.) were heated in an atmosphere of nitrogen
in a sealed tube at 180-190° for 3 hours, The preduct was
extracted with light petroleum in a soxhlet extractor for 5

hours and the wresidue crystallised from ethanol giving bright
red needles, m,p. 265°, .

Analysis
Found: C, 81,93 H, 3,9,
C17Hy 00z requires C, 82,93 H, 4,1%.
Ultraviolet spectrum ~ Fig. 11,
Infrared spactrum (cms"l)
3,300(w) 1700(s) 1650(m) 1800(s) 1530(m)
(oH) (C=0) (C=C)
p~Nitrobenzyl ether, m.,p. 215-216°,
The petroleum extract was evaporated to dryness and the

residue eorystallised from ethanol gilving golden-yellow needles

of the diphenylacetate (IXV), m.p. 195°,

Analysils
Found: C, 84,83 H, 4,6,

Caz1Hz 005 requires C, 84,53 H, 4,67,

Infrared spectrum (cms‘l)

1750(s) 1720(s) 1650f2)1600(m) 1100(s)
(C:C) (C=0) (ester)
Ultraviolet spectrum - Filg, 12,
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4-Hydroxy-2,3-benzofluorenone dissolved in agqueous
sodium hydroxide, sodium carbonate and ammonia giving purple
solutions but was insoluble in saturated sodium bicarbonate
solution, It dissolved in concentrated sulphuric acid to
give a green solution.

2-Benzylidene-3~carboxy-l-hydrindone (XXV) (6 g.)
and diphenylketene (4.4 g.) were boiled in benzene (30 ml,)
for 2 hours, On cooling, the anhydride (LXIII (1.5 g.)
separated and was recrystallised from benzene giving
colourless glistening nesdles which decompose between 180
and 190°, The compound was insoluble in agueous ethanol
and on heating at 180-190°, 1t gave an orange solid which
dissolved in aasueous alkali giving a purple solution,

Analysis
Found: C, 81,03 H, 5,1.
Cg1Hz204 requires C, 81,0; H, 4,8%.

Infrared spectrum (uma“l)

1820(s) 1750(s) 1705(s) 1640(s) 1600(s) 1050(s)

(C:0) (c$0) (C:C) (anhydride)

The benzene solution was extracted with 10% w.v. aqueous
potassium hydroxlde until the extracts were colourless, The
combined purple extracts were acidified with hydrochloric acid,
Fractional erystallisation of the precipltate from benzene and
light petroleun gave 2-benzylidene-3-carboxy-l-hydrindone (XXV)

(0.7 go) and 4-hydroxy-2,3-benzofluorenone (LXIV),
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The benzene solution was washed with water, dried over
sodium sulphate, filtered and the filtrate left in sunlight
for several days, The solution changed from yellow to red
and colourless crystals separated, which were identified by
mep. and mixed m,p., 88 diphenylacetic acid, From a second
extraction of the benzene solution with agueous sodlium

hydroxide, a further quantity of 4-~hydroxy-2,3~benzoflucrenone

(LXIV) was 1isolated,



Section B

The Reactlon of Diphenylketens with Indens



o7,

Discussion

The addition of diphenylketene to compounds containing
a double bond to form cyclobutanone derivatives, has been
summarised in the Introduction (pp. 15-20). It has been
shown that diphenylketene reacts with cyeclopentadiene to
give 6-keto=7:7-diphenylbicyclo- [5,2,0] hept-2-ene
(LXXIII), which on alkaline hydrolysis gives two isomeric
forms of 2-benzhydryleyclopent-3-ene~l-carboxylic acid
(ILXXIV).

It was of interest to investigate whether diphenylketene
would form an analogous adduct with indene and whether this
adduct would give the analogous carboxylic acld on ring filssion
with alkalil,

On heating diphenylketene and indene for 4% hours at
100°, a good yield of an adduct was obtained, for which four
structures (LXXVa, LXXVb, LXXVe, LXXVd) are possible.
Structures LXXVa and LXXVb are the result of 1l,2-addition of
diphenylketene to indene depending on the orientatlion of

diphenylketene during the reaction, structure LXXVe is the
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result of a diene reaction between the two compounds, while
structure LXXVA 1s the result of addition of indene to di-

phenylketene as an active hydrogen compound,

5>

LXXVQ LXXVb

(LB

LXXVc Lxde COCHPh,

On boiling the adduct with methanolic potassium
hydroxide solution, a carboxylic acid was obtained in 89¢
yield, The analysis of this acid and the fact that it
underwent intramolecular cyclisation indiecates that the
adduct cannot have structure LXXVe or ILXXVA and that the
carboxylic acid must have structure ILXXVIa or LXXVIb depending

on whether the adduct has structure IXXVa or LXXVb,.
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CHPh2 COzH
COoH CHPhy
L XXVlia LXXVIb

Cyelisation of the carboxylie acid chloride by
aluminiun chloride in benzene, trichloroethylene or methylene
dichloride gave a ketone melting at 186-~7°, whille cyclisation
in nitrobenzene gave a ketone, m,p. 114°, Cyclisation of
the carboxylic acid by anhydrous hydrogen fluoride gave a
mixture of the two ketones, Their analyses and the fact that
both ketones could be converted into l-anisyl=4-phenyl-2,3-
benzofluorene (LXXXa) prove that the ketones are isomeric
forms of l-keto-4-~phenyl-l:4d:daifa~tetrahydro-2,3~benzo~
fluorene (LXXVIIe),that the carboxylie acid is l-benz-
hydrylhydrindene-2=-carboxylic acid (LXXVIa) and that the
adduct is 2,3-benzo~-6-keto~7:7-diphenyl [3,2,0] ~NOPE =L -
ene (LXXVa).

The conversion of the adduct (ILXXVa) into l-anisyl-
4-phenyl-2,3~benzofluorene (LXXXa) is indicated in schemeJ
and is described fully in the Experimental Section (pp,.,110-116).

If in thils scheme of reactions l-phenyl-4-anisyl-
2,3~-benzofluorene (IXXXb) had been the final product, it
would have meant that the ketone had structure LXXVIIb,
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the acld, structure IXXVIb, and the adduct, structure ILXXVb,

LXXVIib LXXXb

If it is assumed that diphenylketene undergoes cls-
addition to indene, then the gcls-adduct formed, on hydrolysis
will give the gis-scid (ILXXVIa)., Cyeclisation of the gls~
aclid can give two cis-ketones theoretlically, In the ketone
IXXVIIa,fthe hydrogen atoms at positions oa, 4 and 4a are on
the same side of the ring, while in the ketone ILXXVIIag the
hydrogen atom at position 4 is on the opposite side of the

ring to the hydrogen atoms at positions %a and 4a,

LXXVHG' LXXVH02
The ketones (LXXVIIa), m,p. 186-7° and m,p. 114°, on
treatment with anisylmagnesium bromide, gave two isomeric
forms of l=hydroxy-l-anisyl-4-phenyl-l:4:4a:9a-tetrahydro-

2y3-benzofluorene (LXXVIIIa), m,p. 214° and m,p, 210°
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respectively. The mixed m,p, of the two carbinols was

depressed to 187-193°,

CcHaOCH HO CgH,OCH3
Daving, 1O TR Gavin, S

If the ketones have structures IXXVIIa, and LXXVIIag,
then the carbinols derived from them will have the structures
LXXVIIIa, and IXXVIIIag respectively. On dehydration,
carbinel (LXXVIIIa,;) willl give gis-4:4a-dihydro=4-phenyl-=l
anisyl-2,3~-benzofluorene (ILXXIXa;) and the carbinol (IXXVIIIag)

will give the trans-dihydro compound (LXXIXag).

Q10 Ot

CeH4qOCH3 e L CeH40OCH3
LXX1Xaq, LXX1Xa5

In practice, dehydration of the two carbinols by
formic acld or by hydrochloric acid in ethanol gave the same
dihydro compound, m.p, 168°, as was shown by mixed m,p., &nd
comparison of the ultraviolet and infrared spectra, This

proves that the hydrogen atoms in positions 4 and 4a must have
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the same orientation in the ketones (LXXVIIa) and in the
carbinols (LXXVIIIa), It follows that the two ketones

are the ¢ls and trans isomers of structure LXXVIIa, The
conversion of the gls-ketone, formed initially from the
gcis-acid (ILXXVa) to the trens-iketone would be faclle through
the enol form of the ketone, produced in the presence of a
strong acid such as anhydrous hydrogen fluoride,

Though this is the probable explanation for the
formation of the trans-ketone (LXXVIIa), no directly
comparable example could be found in a search through the
literature, The explanation 1s, however, supported by
the following examples. gcis-a-Decalone (LXXXI) is con-
verted to trans-a-decalone in over 95% yleld by distillation
at atmospheric pressure, The conversion is consldered to

occur via the enol form of the ketonelol.

GO

LXXX! cis L XXX1 trans

The enol form of the ketone has been lsolated as the benzoyl

and acetyl estarsloz.

¢cls-C~4-Hydrindanone (LXXII) gives on distillation 15¢ yield
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103
of the gls-compound and 85% yleld of trans-G-4-hydrindanone ’

O OH 0

I
I

LXXXIl ¢j

wn

LXXX1l trans

Both ¢is and trans-—cyclohexane-l-garboxy-2-propionic acids
(LXXXIII,n = 2) give & mixbure of ¢ls and trans-l-hydrin-
danone (ILXXXIV, n = 2) in which the g¢is form predominates,

Both ¢ls and trans cyclopentane~l-garboxy-2«propionic acid

(IXXXIII, n = 1) give cig~- [5,5,@] -bleyeclooctan~4-one

(LXXXIV, n = 2) in 70% yleld on heating with barium

hydroxide at about 300°, The interconversion of the two

isomers 1s considered to occur via the enol formlo4

OH .
H —_ e —
n(H20) H <— n(Hy0) b <— n(H29 H
L XXXV cis\ XXXV trans
H
C02H
H CO2H
H2C)
n2Q) H ~CH2COH nt2Q) 4 _CH>CO%H
S CHap CH
LXXXINT ¢is

LXXXIl trans
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The explanation of keto-enol tautomerism put forward
for the formation of the eis and trans ketones (ILXXVIIa) is

the mechanism suggested for the racemisation of optically

active ketones by acid3105’ 108 .4
i aH® " ®
% . H (N4 - R ®
p - — C=OH" ———C=C~OH +BH

+B

l=-Benzhydrylhydrindene~2~carboxylic acid (LXXVIa) has
two asymmetrilc carbon atoms so that four optical isomers are
possible, obtalnable as two racemic modifications, As gcis-
addltion of dlphenylketene to indene is assumed to occur the
product obtained by hydrolysis of the adduct (LXXVa), should
give the cls~diastereolsomeride, a racemlic mixture of
enantiomorphic forms, Only one dlastereoisomeride was
obtained, as expected,

As the ketone (LXXVIIa) has three asymetric carbon
atoms, eight optical isomers, obtainable as four racemiec
modifications, are possible, Cyclisation of the aecld
(LXXVIa) would be expected to give four dlasterioisomerides,

viz.
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Oﬁ“’ 30

LxXVHa| LXXVllag
LXXVila LXXVliiag

Only two dlastereoisomeric ketones are obtained and
these must have elther sitructures ILXXVIIs and LXXVIiiag or
structures LXXVIIa, and LXXVIIa,. Because of steric
effects it 1s probable that the ketones have structures
IXXVIIa, and LXXVIIaj.

The carbinel (IXXVIIIa) has four asymmetric centres
and ecan glve riss to sixteen optiecal lsomers, obtalnable as
elght racemic modificatlions, Bach of the ketones (LXXVIIa)
can gilve two racemic modifications of the carbinol (IXXVIIIa),
If 1t is assumed that the ketones have structures LXXVIIg and
LXXVIIa;, then the four dlastereoisomeric carbinols which

could bs formed, have the following structures:-
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Ph Ph
- R lii %a I
CXXVITq, LXXVilia, IR
R | H
XXVl TXXVilia,

Only one carbinol was formed from each ketone, The
ease of dehydration suggests that both carbinols have the
OH group &t positlion 1 and the H atom at position Sa trans
to each other, 1,8, that the carbinols have the structures
LXXVIIIag and LXXVIIIag.

The structure of l-anigyl-4-phenyl-2,3-benzofluorene
(IXXXa) obtained from the adduet (LXXVa) as indicated in
schemeJ , was determlined by m,p. and mixed m.p, with an
authentic sample, obtained by the ring-closure with
spontansous dehydrogenation of l-diphenylmethylene-2-
anisylidenehydrindene (IXXXVI), and by comparison of their
ultraviolet and infrared spectra,

Compound ILXXXVI was prepared by heating diphenyl-

ketene and 2~anisylidene~l-hydrindone (LXXXV) under nitrogen
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for 3% hours at 130-140°, The only other product isolated
from the reaction was the {-lactone (LXXXVII),

Compound ILXXXVI was similar to l-diphenylmethylene«l
benzylidenshydrindene (I) in chemlcal and physical properties
(pe 37 )¢ It was obtalned as pale yellow needles, m,p. 186°,
which became brighter yellow on exposure to light or on heating.,
It gave orange-yellow solutions which were not fluorsescent in
ultraviolet light, The ultraviolet spectrum (Fig, 5) showed
no characteristic maxima or minima and solutions did not obey
Beer's Law,

It formed an adduct (IXXXVIII) with tetracyanoethylens
and on reduction with aluminium amalgam in moist ether, it
gave 3-benzhydryl-2-anisylindene (ILXXXIX)., Ozonolysis of
the compound IXXXVI gave anisaldehyde which was characterised
as the 2:4-dinitrophenylhydrazone and by oxidation to anisle
acid, A solution of compound LXXXVI in hexane became colour-
less within 24 hours and the solution had a blue fluorescence
in ultraviolet light.

A solution of compound IXXXVI in benzene and light
petroleum was exposed to daylight for 6 months, From the
solution l-anisyl-4-phenyl-2,3~benzofluorens (ILXXXa), m.p.
199°, was 1solated, which had the characteristic ultraviolet
spectrum of this type of compound (Fig, 5) and a small Quantity
of l-anisyl-4-phenyl-2,3-benzofluorenone (ILXXII), m,p. 206°.

From the condensation of indene with 2-anisyl-5-phenyl-
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3,4=-benzofuran (XG); a mixture of l-anisyl-4-phenyl-2,3-
benzofluorene (LXXXa) and l-phenyl-4-anisyl-2,3-benzofluorene
(IXCXb) was expected to be formed, Only compound LXXXa
could be lsolated, together wlth a colourless compound, Mm.p.
204-8° whiech absorbs strongly in the infrared at 1670 cma"l
indicating & conjugated ketone, This compound was not
identified,

When diphenylketene was heated with acenaphthylene
(xxxvi)for 3 hours at 160° an adduet, m,p. 144°, formed, which
is consldered to have structure XCI. On boiling the adduct
with methanolie potassium hydroxide, a carboxylic acid 1is
obtained; considered to be l-benzhydrylacenaphthens-2-

carboxylic acid (XCII),

+ PhoCH
XXXV xcn

This investigation has shown that diphenylketene forms

an adduect with indene analogous to the adduect formed with
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cyclopentadiene, The reactions involved in the proof of the
structure of the diphenylketene-indene adduct 1llustrate & novel
synthesis of l-substituted 4-phenyl-2,3-benzofluorenes (XCIII),
It should be possible to extend this synthesis to the preparation
of other polynuelear hydrocarbons. For exemple by an analogous
series of reactions, it should be possible to synthesise 7-
substituted-l0~phenyl-8,9~benzofluoranthenes (XCIV) from the
adduet (XCI) of diphenylketene and acenaphthylene and 7-
substitubted-4~phenyl-5,6-benzindenes (XCV) from the adduct
(LXXIII) of diphenylketene and cyclopentadiens,
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Experimental

Preparation of 2,3-~benzo-b-keto=-7:7-dlphenylbicyclo- LL’:.2.0-| ~

hept-2-ana (ILXXVa)

Diphenylketene (69,5 g,) and freshly dlstllled indene
(45,5 go) were heated at 120° for 4 hours, The product,
which solidified on cooling, was washed with a small volume
of light petroleum and recrystallised from ethanol,
Yield: 68 g 61%s meps 123°,

| Analysis
Found: C, 88,53 H, 5.6,

Ca3H10 requires C, 89,03 H, 5.9%.

Infrared spactrum {cms'l) 1780(s) 1600(m) 1580(m)
(c=0) (C=C)

Preparation of l-benzhydrylhydrindene-2—carboxyllec acld

(LXXVIa)
The adduct (LXXV) (62 g.) was boiled with 109 w.v.

methanolie potassium hydroxide (250 ml,) for 3 hours, The
solution was poured into water (300 ml,), acidified with
hydrochloric acld and the precipltated acid filtered off
and recrystallised from ethanol (500 ml,).

Yield: 58,5 g. 89%. MePe 201=2°,
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Analysis
Found: C, 83,83 H, 6,0,

Caalla 002 requires C, 84,2; H, 6.1%
p-Nitrobenzyl ester, m,p. 149-150°,

Analysis
Found: N, 3.9, CzoHgsNO, requires N, 3.9%.
By evaporation of the ethanolic filtrate, a second
crop of crystals (3.6 g.), mepes 180-6° was obtained, The
mepe of this compound on repsated crystallisation from
ethanol remained constant at 180-2°, suggesting that thls

second fraction was not an impure sample of the first crop

of erystals, but an isomer,

Preparation of l-keto-4-phenyl-l:é:da:da-tetrahydro-L,5-

benzofluocrene (LXXVII&)

l-Benghydrylhydrindene-2-carboxylic acid (ILXXVIa)

(1 g.) was converted into the acid chloride by boiling with
thionyl chloride (1 ml,) for 3 hours., After evaporation of
the excess thionyl chloride, the acid chloride was cyclised
by aluminium chloride (1 g,) in benzene, trichloroethylene or
methylene dichloride (20 ml,). The reaction mixture was
boiled for 2 hours and poured into ice water, The product
on crystallisation from ethanol geve colourless needles
(about 50 mg.), m.pe 186-7°,

The carboxylic acid (8 g.) was converted into the

acid chloride by thionyl chloride (10 ml,) as described above.
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The acid chloride was heated with aluminium chloride (2 g,.)

in nitrobenzene (20 ml,) for 2 hours at 100°, poured into

ice water and steam distilled, ‘The brown gum remaining was
dissolved in benzene and chromatographed on alumina, Develop-
ment with 1ight petroleum gave a pale yellow fraction which
was evaporated, The residus, on crystallisation from benzene
and light petroleum, gave colourless nesdles (0.5 g.), MepPe
114°,

The carboxylic acid (17,5 g.) was treated with anhydrous
hydrogen fluoride (ebout 600 ml,) and left for two days, The
hydrogen fluoride wes evaporated and the residue treated with
water (1 1,) and filtered, The residue was dissolved in
benzene and extracted with sodium earbonate solution, The
agqueous extracts on acidification gave a negligible amount
of unchanged acid, The benzene solution was dried over
sodium sulphate, filtered and most of the solvent evaporated,
On adding light petroleum, discoloured crystals separated
which were flltersd off,

Yield: 11,4 g ©69%. mep. 170-180°,

Recrystallisation of & sample from ethanol or light petroleum
gave colourless needles, m.p. 186<7°, The mixed m,p. with
the ketone obtained by cyclisation of the acid chloride in

benzene, trichloroethylene or methylene dichloride, was not

depressed,
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Analysils
Found: C, 88,7; H, 5.5.

C, 884,43 H, 5.7.
CasHig0 requires C, 88.9; H, 5.8%.
Infrared spectrum (cms'l) 1700(s) 1600(m)
(C=0) (c=C)

Reduction of a sample of the ketone with lithium
aluminium hydride in ether gave l-hydroxy-4-phenyl-l:4:4a:fa-
tetrahydro-2,5~benzofluorene, colourless needles from ajgueous
ethanol, m.p. 232°,

Analysis
Found: C, 88,2; H, 6.,5.

CasHa0 requires C, 88,43 H, 6.5%.

From the filtrate, a second crop of crystals (2 g.)
was obtalined, mepe. 100~4°, 129 yielda. This compound was
much more soluble in ethanol or light petroleum than the
compound, myps 186=7°; Reerystallisation from light petroleum
gave colourless needles; m.p: 114°, The mixed m.ps with the
ketone obtained by the cyclisation of the acid chloride in
nitrcbenzene; was not depressed,

Analysis
Found: C; 88,73 H, 5.8,
Ceal10 requires C, 88493 H, 5.8%.
Ultraviolet speectrum - Fig, 12,

Infrared spectrum (ems=l) 1675(s) 1595(m)
(C=0) (C=C)

2:4-Dinitrophenylhydrazone, mep. 255°.
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Preparation of l-hydroxy-l-enisyl-4-phenyl-l:4:4aifa~tetra~

hydro-2,3-benzofluorene (LXXVIIIa)

The ketone (LXXVIIa) mep. 186-7° (3.1 ge) in benzense
(10 ml,) was added to anisylmagnesium bromide, prepared from
p-bromoanisole (5.6 g.) and magnesium (0,72 g.) in ether
(100 ml,), and the reaction mixture boiled for 15 minutes,
Working up in the usual menner gave a white solid, which
was recrystallised from ethanol giving colourless prisms,
MepPe 214°,
Analysis
Found: C, 85,93 H, 6,3,
CsoHz g0z Tequires C, 86,13 H, 6.3%.
Infrared spectrum (cma"l) 3,650(m) 1610(m) 1240(s)
(0H) (¢=C) = (~0CHj;)
The ketone (LXAVIIa), m.p. 114° (1,0 g.) in benzene
(10 ml,) was added to anisylmagnesium bromide, prepared from
p~bromoanisole (3.7 g.) and magnesium (0,72 g.) in ether
(100 m1,) and the reaction mixture boiled for 1 hour, Working
up in the usual manner gave a white solid, which was

erystallised from banzene and light petroleum, glving fine
needles, m,p, 210°, |

Analysis
Pound: C, 86,9; H, 6,6,
CsoHagls requires C, 86,13 H, 6,3%.
Infrared spectrum (uma‘l) 3,600(m) 1605(m) 1250(s)

(OH) (c=C) (~0CHZ)
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The mixed m,pe. of the two hydroxy compounds was depressed to

187-193°,

Preparation of l-anisyl-4-phenyl-4:da-dihydro=2,5-~benzo~-

s

fluorene (ILXXIXa)
The alcohol (LXXVIIIa), m.p. 214° (1 g,) was heated

with 909 formle acid (VY ml,) for 15 minutes at 100¢ and poured
into water,
Yield: 0,9 ge 96%. meps 165-8°,
Recrystallisation from ethanol gave colourless plates, mp.
167-8°, Dehydration of the &lcohol eould be effected by
boiling it in ethanol containing a few drops of hydrochloriec
acid, On cooling, the product crystallised, m,p, 167-8°,

Dehydration of the alcohol (IXXVIIIa), m.pe. 210°, by
formic acid or by sthanol containing a few drops of hydro-
chloric acid gave the same dihydrofluorene, a&s was shown by
MePss Mmixed m,p., &nd by comparison of the ultraviolet and
infrared spectra which were identieal,

Analysis
Found: C, 89,3; H, 6.l.
CsoHza0 required C, 89,0; H, 6,0%.

Ultraviolet spectrum - Fig, 12,

Preparation of l-anisyl-4-phenyl-2,3-benzofluorene (LXXXa )
The dihydro compound (0.4 g.) was boiled with chloranil

(0e25 go) in xylene (3 ml,) for 5 hours and chromatographed on

alumina and developed with benzene, The fraction with the
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blue fluorescence gave colourless needles, m,p. 199°, The
mixed m,p, with an authentic sample of l-anisyl-4-phenyl-2,3-
benzofluorene was not depressed and the ultraviolet and

infrared spectra were ildentical,

Analysis

Found: C, 90,13 H, 5,7.

CsolHz20 requlres C, 90,3; H, 5,5%.

Preparation of 2-anisylidens-l-hydrindone (LXXXV)

Pfeliffer and Mitz,Ber.,1938, 71B, 272,

l-Hydrindone (6.6 g.) was condensed with anisaldehyde
(6.8 g¢) In ethanol (25 ml,) in the presence of a few ml, of
104 w,v. ethanolic potassium hydroxide,
Yield: 9 g. 724, m.p. 139-140° (Lit, m,p. 141°),

Preparation of l-diphenylmethylene-2-enisylidene hydrindene

{LXXXVI )
2~Anisylidene-l-hydrindone (LXXXV) (7 g.) and diphenyl-

ketene (5.4 g.) were heated together under nitrogen for 33
hours at 130-140°, The product was bolled with light
petroleun (200 ml,) and filtered, Anisylidenshydrindone
was recovered from the filtrate in 21% yleld.

The resldue was crystallised from benzene and light
petroleum giving the product (3.1 g.) as pale yellow needles,

m.pg 186° .
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Analysis
Found: C, 89,03 H, 6,3,

CzoHaeO requires C, 89,03 H, 6,09,
Ultraviolet spectrum - Fig, S5,

The filtrate deposlited colourless crystals (0,8 ge)
on standing overnight, which were recrystallised from benzene
and light petroleum, giving the § =lactone (IXXXVII), m.p.
21¢°,

Analysis
FPound: C, 83,63 H, 5.8,
Cs1Hp 40z requires C, 83,65 H, 5.5.

The infrared and ultraviolet spectra of this compound
(LXXXVII) and the &-lactone (V), formed by the addition of
diphenylketens to 2-benzylidens-l-hydrindons, were similar,
Infrared spectrum (cma'l) 1750(s) 1660(w) 1600(m) 1260(s)

(c=0) ( C=C) (OCHg )

The hydrocarbon (LXXXVI), m.pe. 186° (0,56 g.) was
dissolved in benzene and light petroleum and left for 6
months in daylight, The solution was svaporated, and the
residual gum dissolved in a small volume of benzene &and
chromatographed on alumina, Development with light petroleum
gave a frection with a blue fluorescence, which was evaporated,
Crystallisation of the residue from ethanol gave colourless
neadles of l-anisyl-4-phenyl-2,3-benzofluorene (LXXXa), m,p.
199°,

Ultraviolet spectrum - Fig, 5,
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A later bright yellow fractlion gave & gum on evaporation,
which gave bright yellow needles from ethanol, m.p. 206°,
congidered to be l-anisyl-4-phenyl-2,3-benzofluorenone (LXXII),

Analysis
Found: C, 86,43 H, 4.5,
Caollz 00z requires C, 87.4; H, 4,9%.
Ultraviolet spectrum - Fig, 12,
Infrared spectrum (cma"l)
1710(s) 1610(m) 1600(m) 1230(s) 760 725 %05
(C:0) (C:C) (OCHg)

Preparation of l-anisyl-4:4-diphenyl-2:2,3:3-tetracyano~

1,2,3,4-tetrahydrofluorens (LXXXVIITI)

A solution of compound LXXXVI (0.2 g.) and tetracyano-

ethylens (0.07 ge) in benzene (10 ml,) was boiled for 1 hour,
half the solvent evaporated and light petroleum (5 ml,) added.
A solld separated which was recrystallised from benzene and

light petroleum giving colourless prisms, having no distinect

MeDe

Analysis
Found: C, 81,33 H, 4,63 N, 11,6

CaelzgeN,0 requires C, 81,85 H, 4,6; N, 10,67,
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Preparation of 3-benzhydryl-2-anlsylindene (ILXXXIX).

Compound IXXXVI (0,2 g.) was dissolved in moist ether
(120 ml,) and reduced with aluminium amalgam by Thiele's
mathod11 for two days, The reaction mixture was filtered
and the filtrate evaporated, The residue was crystallised
from ethanol giving colourless needles, m,p, 82°,

Analysis
Found: C, 89,03 H, 6,5,
Csofz 0 reqQuires C, 89,53 H, 6,6%.

Ultraviolet spectrum - Flg, 5.

Ozonolysis of l-diphenylmethylene-2-anisylidenehydrindene
(LXXXVI)

Compound IXXXVI (0.5 ge) was dissolved in carbon tetra-

chloride (100 ml,) and ozone passed through the solution for
20 minutes until the solution became colourless, The solution
was poured into water and steam distilled, The first fraction
containing the solvent was rejected. Ths second fractlion was
extracted with ether and the ether evaporated, Part of the
residual oil was oxidised with hot aqueous potassium perman-
ganate, decolourised by sulphurous acid and the solution
evaporated to small volume. On cooling, anisic acild, m.p.
184°, separated (Lit, m.p. 184°),

The rest of the oll was converted to the 2:4-dinitro-
phenylhydrazone, m.p. 254° (Lit, m.p. 254° for anisaldehyde
2t4~-dinitrophenylhydrazone ).
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Properation of 2-anisyl-S5-phenyl-3,4-benzofuran (XC)

¢f. Guyol and Catel, Bull, Soc, Chim., 1906, 35, 1127,

CH30CgH4MgBr
+ 0 HO C 6]140C Hy C6H4OC H3
—
-H50
N
H/ “Ph H’ “Ph Ph

Anlisylmagnesium bromide, prepared from p-bromoanisole
(1043 go) and magnesium (1,5 g.) in ether (200 ml,), was added
dropwise with stirring to phenylphthalide (2,75 g.) in benzene
(150 ml,). When the addition was complete, the reaction
mixture was bolled for 10 minutes and poured on to ice and
hydrochloric acld, The organic layer was separated and the
solvent was evaporated, The residual oil was digsolved in
ethanol (100 ml,), hydrochloric acid (1 ml,) added and the
solution boiled for 5 minutes, On cooling the bright yellow
solution, which had a green fluorescence, 2-anisyl-S-phenyl-
d:4-benzofuran separated,
Yield: 6.6 g 48%, m,p. 95°,

Analysis
Found: C, 84.,2; H, 5,6,

Ca1H1402 requires C, 84,0; H, 5,4%.
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Preparation of l-anisyl-4-phenyl-2,3-benzofiuorene (LXXX)

cfy Welss and Beller, Monatsh, 1925, 61, 1435,

Hydrogen chloride was passed through a suspension of 2-
anisyl-5~phenyl-3,4~benzofuran (XC) (3 g.) and indene (1.25 g.)
in ethanol for 1 hour, A cream coloured solid (2,2 g.)
separated and wes dissolved in a small volume of benzene and
chromatographed on alumina, Development with light petroleum
gave a fraction with a blue fluorescence, which was evaporated,
The residue (0.9 g.) was crystallised from light petroleum
and then from ethanol giving colourless needles, m,p. 199°.

A mixed m,p, with an authentic sample of l-anisyl-4-phenyl-
2,3=benzofluorene preparsd by the cyclisation of l-diphenyl-
methylene-2-anisylidenehydrindene (LXXXVI) was not depressed.
The ultraviolet spectra (Fig. 5) and the infrared spectra of
the two samples were 1ldentical,

A later chromatographic fractlon eluted with acetone
gave a white solid (0.5 g¢), Mepe 204~8°, which was shown
by its infrared spectrum to be a ketone,
Infrared spectrum (ems=') 1670(s) 1600(m) 1240(s) 1770 1710

(c=0)  (C=C)  (OCHs)
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Pragparation of 3,4-(l,2--acenaphthenylene)-R:2~-diphenyl

cyclobutan~l-one (XCI)

Diphenylketene (2,2 g) and acenaphthylene (XXXVI)
were heated at 100° for 3 hours, The resctlon mixture was
treated with light petroleum and the solid filtered off.
The solid (2 g.) was only partly soluble in ethanol lsaving
an amorphous residus (0.5 g.). The adduct crystallised
from ethanol in pale yellow needles (0,6 g.), Mepe 144°,

Analysis
Found: C, 89,8; H, 5.1,

CegH1a0 requires C, 90,13 H, 5.29.

Infrared spectrum (Gms‘l) 1780(s) 1600(m)
(C=0) (C=C)

Preparation of l-benzhydrylagenaphthens-2-—carboxylic acid

(XCII)

The adduct (XCI) (0.25 g.) was boiled with 10¥ w,.v,

methanolic potassium hydroxide (3 ml,) for 30 minutes,
poured into water (20 ml,) and acidified with hydrochloric
aclid, Recrystallisation of the precipitate from ethanol
gave colourless prisms of the acid, m,p. 250°,
Analysis
FPound: C, 84,83 H, 5,7.
Cg glz 00z requires C, 85,7; H, 5.5%.



Section 6

The Reaction of Diphenylketene with l-Hydrindone and Indone
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Discussion

Diphenylketene does not react with carbonyl compounds
containing an @-hydrogen atom to give p-~lactones or their
decomposition products, This work has been summarised in
the Introduection (pp. 11-13). When equimolecular proportions
of diphenylketene and l-hydrindone were heated under nitrogen
in a sealed tube for 5 hours at 150° an orange compound, m.p.
224°, was formed., Its infrared spectrum was consistent with
an a¢p-unsaturated ketone structure and the analysis corres-
ponded to CzgHz0z, suggesting that the compound was formed
by the reaction of 1 ml, of diphenylketene with 2 mols, of
l-hydrindone with the elimination of 1 mol, of water and 1
mol, of hydrogen, The compound gave & yellow solution in
ethanol which rapidly decolourised, The dimer of diphenyl-
ketene, tetraphenyleyclobutan-l:3-dione (XCIII) and unchanged
l-hydrindone were iscolated from the reaction also, The
dimer was the sole product 1solated from the reaction of di-
phenylketene with l-tetralone under similar conditions,

thf— (':IO

1-Diphenylmethyleneindene (XV) could not be isolated
from the reaction of diphenylketene with indone, A small
quantity of a hydrocarbon, m,p. 182°, was lsolated., The

ultraviolet spectrum of this compound was very similar to
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trans-stilbene and 1lts analysls corresponded to the molecular
formulae CggH;g. The structure of this compound was not
explained,

Staffordas reported that 3-bromo-l-hydrindone could
be prepared by boiling l-hydrindone with N-bromosuceinimide
in carbon tetrachloride, It was found that the reaction
was fecllitated and the yleld improved by adding a small
amount of benzoyl peroxide to the reaction mixture, In
an analogous reaction w-benzylacetophenone was converted

into w-(C-bromobenzyl)-acetophenons.

NBS

Br
NBS
PhCOCHCHPh ——— PhCOCH5>CHBr.Ph

These bromoketones did not form 2:4-dinitrophenylhydra-
zones, but when treated with 2:4-dinitrophenylhydrazine in hot
ethanol econtaining 1% hydrochloric acid, underwent dehydro-
bromination to glve the 2:4-dinltrophenylhydrazones of indone
and benzylideneacetophenone, respectively. Under the same
conditions, Z2-bromo-l-hydrindone formed a 2:4-dinltrophenyl-
hydrazone without dehydrobromination ocourringaa’ wer,
Indone, prepared by the dehydrobromination of 3-bromo-

l-hydrindone with symm, collidinelos, gave with hydroxylamine
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not the oxime (XCIV) but a ecompound, m,p, 180°, the analysis

of which accorded reasonably with structure XCV.

NOH O NOH
+2H2NOH + HoNOH
P S —_—
—_  HNOH XCIV

XCV
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Experimental

The reaction of diphenylketene with l-hydrindone

l-Hydrindone (1.9 g.) and diphenylketene (2.9 g.)
were heated under nitrogen in a sealed tube for 5 hours at
150°, The reaction mixture was treated with light petroleum
and ether, The orange solid dissolved leaving a white
reslidue which was recrystallised from benzene and light
petroleum giving colourless needles of tetraphenyleyclo-
butan~l,3-dlone, m.ps 245°, (Lit. m.p. 244-5°)°C,

Infrared spectrum (Gms'l) 1750(s) 1600 (m)
(C:0) (C=C)

The orange filtrate deposited orange needles on
evaporation which, on recrystalllsation from benzene and
light petroleum, melted at 224°,

Analysis
Found: C, 87.5; H, 5.1,

CagHge0g requires C, 87,63 H, 5.1.

CazHaeOg requires C, 87.,2; H, 5.,5%.
Infrared spectrum (ema'l)
1700(s) 1600(s) 18580(s) 786, 762, 730, 718, 695,
(C:0) (c:C)
A small quantity of l-hydrindone was recovered on

chromatography of the combined filtrates on alumilna,
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Preparation of S-bromo-l-hydrindone

ef, Stafford, Ph,D, Thesis (Edin,), p. 185,

l-Hydrindone (10 g.) and N-bromosuccinimide (13,4 g.)
were boiled in carbon tetrachloride (75 ml,) in the presence
of a small quantity of benzoyl peroxide, for 1 hour, The
reaction mixture was cooled to 5° and the succinimide filtered
off, The filtrate was eveporated under reduced pressure and
the residual o1l triturated with light petroleum (20 ml,), The
discoloured crystels were filtered off and recrystallised from
hexane,

Yield: 9.2 g 59%. mep, 50-2° (Lit, m,ps 55°).

A sample of the bromoketone was dissolved in sthanol
and a hot solution of 2:4-dinitrophenylhydrazine in ethanol
containing 1% hydrochloric acid, was added, The flocculent
precipitate was filtered off and recrystallised from acetie
acid in orange needles, m,p. 234°, The mixed m.p. with
indone 2:4-dinltrophenylhydrazone was not depressed.

Analysis
Found: C, 55,63 H, 3,13 N, 18,9,
CysHy oNgO4 requires C, 58,03 H, 3,33 N, 18,1%.

Preparation of w-benzylacetophenone

c¢f., Organic Synthesis, 1928, 8, 37.
Hydrogenation of benzylideneacetophenone (41,6 g.)
in ethyl acetate (300 ml,) with hydrogen at 5 atmos, and

a palladium on barium sulphate catalyst gave an almost
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quantitative yield of w-benzylacetophenone (41,6 g.),
m.p. '?00. (Lit. m.p. 730).

Ultraviolet spectrum - Fig, 7,

Preparation of w-(@d-bromobenzyl)-acetophenone

w-Benzylacetophenone (4.2 g.) and N-bromosuccinimide
(3.6 g«) were boilled in carbon tetrachloride (25 ml,) in
the presence of a small amount of benzoyl peroxide, for
30 minutes, IHydrogen bromide was evolved during the
reaction,

The succinimide was flltered off. On cooling,
the filtrate deposited colourless crystals (1.5 g.) which
were recrystallised from carbon tetrachloride giving
colourless plates of bromobenzylacetophenone, m.p. 108-111°,
(Lit, mep. 1110)109,

The filtrate on evaporation gave benzyiidenaaceto-
phenone, which was recrystallised from ethanol and identified
by m.p. 53-5°, and by mixed m,p.

The bromoketone underwent dehydrobromination on
addition of ethanolic 2:4-dinltrophenylhydrazine to give
the 2:4-dinitrophenylhydrazone of benzylideneacetophenone,
MePe 247~9°, The mixed m,p, with an authentic sample

was not depressed.
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Preperation of Z2-bromo-l-hydrindone

Johnson and Shelberg, J, Amer, Chem, Soc,, 1945, 67, 1751,

Bromine (2,1 ml,) was added dropwise with stirring to
a gsolution of l-hydrindone (4.8 g.) dissolved in ether (200 ml,)
at 10°, When the addition was complete, the solvent was
evaporated under reduced pressure and the residual oil tri-
turated wilth light petroleum glving colourless crystals
(€48 go) of 2-bromo-l-hydrindone, m.p. 37-8°, (Lit, m,p,
38°).,
Analysis
Found: C, 49,13 H, 3,03 Br, 32,3.

Cale, for CgH,BrO: C, Bl.,2; H, 3,3; Br, 37.9%.
As found by Ramirez and Kirby and by Stafford, 2-bromo-l-
hydrindone forms a 2:4-dinitrophenylhydrazone which does not
undergo dehydrobromination, red needles, m,p, 212-3°, (Ramirez

and Kirby, m.p. 205-6°207; stafford, m,p, 215928),

Analysis
Found: N, 14,65; Br, 20,75%.

Cale, for CpgH,iBrN,0,: N, 14,33 Br, 20.,4%.

Preparation of Indone
Marvel and Hinman, J, Amer, Chem, Soc,, 1954, 76, 5435,

A solution of 3-bromo-l-hydrindone (8.5 g.) in symm,
collidine (30 ml,) and ether (60 ml,) was stirred at room
temperature for 4 hours and then poured onto ice. The

ether layer was extracted with hydrochloric acid and then
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washed with sodlum bicarbonate solution, dried over sodium
sulphate, filtered and the filtrate evaporated, The
residual oil was distilled at 0,5 mm, on a water bath at
80°,
Yield: 3.3 ge. 62%.

2:4-Dinitrophenylhydrazone crystallised from acetie
acid in orange nesedles, m,p. 254°,

Analysis
Pound:  C, 59,03 H, 3,03 N, 17.7.
CisHi oNa04 requires C, 58,03 H, 3,33 N, 18,1%.

Attempted preparation of indone oxime (XCIV)
Eguimolecular proportions of indone and hydroxylamine

hydrochloride were dissolved in aqueous ethanol and an excess
of 107 w.v, sodium bicarbonate solution added., The yellow
solution became colourless and an oill gradually ssparated
whieh solidified on standing, The solild erystallised from

28

methanol in colourless needles, m,p, 180°, Stafford™ glves

the m,p, of indone oxime as 80°,

Analysis
Found: N, 15,3%,
The reaction was repeated using an excess of hydroxylamlne,

Crystallisation of the product from methanol gave colourless

needles, m,p. 180°,



131,

Analysis
Found: N, 14.8,

09H1°N303 reguires N’ 15.7%.
CeH,NO requires N, 9,657,

The reaction of diphenylketene with indone
Diphenylketene (1.3 g.) and indone (1.5 g.) were heated

under nitrogen in a sealed tube for 33 hours at 140-145°, The
reaction mixture was treated with ether and the insoluble residue
(0.2 g¢)y mepe above 260°, flltered off,

The ether solution was evaporated and the residual oil
was chromatographed on alumina, Development with light
petroleun gave a fraction, which on evaporation gave & small
quantity of solid which erystallised from light petroleum as
glistening pale yellow needles, m.p, 182°,

Analysis
Found: C, 93.63 H, 6.2,
CggHig requires C, 93,65 H, 6,4%.
The ultraviolet spectrum was very similar to the spectrum of
trans-stilbene (Fig. 7).
Amax, 319, 238 mp. (logio€ 4,43, 4.27)
Amin, 262 mp. (logy o€ 3.10)
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Ultraviolet Spectra
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