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INTRODUCT ION



INTRODUCTION

The campaign against cancer has hardly any counterpart in the
history of all the natural sciences, and there 1s hardly a branch of the
natural sciences which has not been mobilized in this veritable crusade,

If we inquire about the role of chemistry, and more specifically that of
organic chemistry in this movement, we should probably start with the
year 1775 when Percivael Plott pointed out the possible connection between
cancer, occupational disease of chimney sweepers, and soot. However, it
was almost 150 years later when Passey (1) could prove this hypothesis by
applying the ethereal extract of soot to the skin of a mouse and producing
a malignant tumor on its back,

Rather than attempting to deplct historically all the contributions
of organic chemists, it seems to be more important to inguire what is
expected in our times of the organic chemist, and what is the nature of his
contribution which might uwltimately help to solve the problem of cancer,

Obviously, there is no one simple, straightforward answer to this
question, yet an attempt can be made to generalize, and then a seemingly
simple reply can be formulated, What is necessary is a clearer and deeper
insight into the realm of organic compounds and reactions, and, specifically,
a better knowledge of some special fields of organic chemistry, nemely,
the fisld of polymuclear hydrocarbons,

Since the birth of organic chemistry an inereasing mmber of
scientists have tried and are still trying to fulfill the first part of



this requirement. However, the real stimulus was felt in the field of
polycyeclic hydrocarbons and their derivatives, to a great extent due to
the efforts and achievements of James Wilfred Cook and Erich Julius Clar,
Although the emphssis seemed to be, especially during the period between
the two World Wars, on the aromatic compounds, it was soon realized that
saturated polymuclear hydrocarbons and especially their Jerivatives known
as steroids, may play an equally important role in the chemistry of
cancer,

Yhatever direction the future development of this problem may take,
the inmportance of the knowledge in the field of polynuclear hydrocarbons
could not have been emphasized more strongly, It 1s inconceivalle that a
mode of biologiecsl or physioclogical action of a certain compound could be
successfully found without Xmowing or possessling some means of describing,
predicting, and explaining its reactions and behavior, A vast amount of
data was accumulated, mainly in the last twenty years, but still many and
many more reactions and compounds wlll have to be investigated before
the state of knowledge will be brought to at least the present level of
aliphatic compounds snd their derivatlives, New methods and techniques
waere and stlll have to be developed; that there is good hope for the
future is substantisted by the truly great achievements of the past and
present generations,

It is the purpose of this thesis to investigate further some of
the reactions leading to the formation of polynuclear hydrocarbons, to
prepare new compounds, describe their properties and preparation, and

thus make a contribution to this important fleld of organic chemistry.
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One of the most interesting and at the same time most extensive
zroups of compounds with known or suspected carcinogani; activity is the ‘
group of the deriwvatives of 1,2-benganthracene., There seems to be‘noﬁhing
mysterious about the parent compound itself, It is a crystalline, coloﬁu'
lescs, only moderately reactive compound with practicelly no physiological
activity (2), and yet some of its derivatives belong to the most potent
carcinogens known at presents The chemistry of benzanthracere, although
quite thoroughly investigated, cannot account for the psculiarities in
the bechavior of its derivatives, the sudden changes in their physiologiecal
sctivity, especially as far as cancer 1s concerned, Between the years
1930 and 1940 more than £ifty alkylbsnzanthracenes were prepared and
tested, and an interesting observation vas derived, The 10=, 5=, and 9=
positlons seemed to be most favorable for the appearance of carcinogenic
properties (3, 4). Although these findihgs were published about twenty
years ago and a considerable mmber ¢f alkyl derivatives, espucially in
these points, had been synthesized, 1t is surprising indeed that only
two aryl-substituted benzanthracenes appeared in literature before the
work done at the Virginia Polybtechnic Institute, ‘

The synthesis of the 9~ and 10~ phenyl- and methylphenyl-l,2-
benganthracenes was of interest not only regarding their podsible

garclinogenic activit bul, alsc as an extenslon of a specisl type of
* 1



eyclodehydration of certain ketonss which was introduced by Bradsher
in 1940 (5).

The hydrocarbons preperel Ly Bradshor were Je and 1lemotliylel,2w
benganthracens, and the question vhothar an aryl group night be used in
place of the alkyl group was of considerable intersst, A preparantion of
10-phonyl, 10-mono= and dimethylphenylel,2«benzenthracenes was already
adequately deseribed by Vingiollo, Borkovee and Shulman (6, 7). The exame
ination of the atomic modols and the path of reaction (Chart I) indicated,
hovever, possibla difficulties in the preparation of the isoneric compoun s
in the esubstitutoed serics, Tha first two stope loading to tho kotone
(iI1) are analogous to reactions which vere known to proceed satisfacto
rily. The cyclodehydration of the ketone, however, noy theoretically take
two diffevent pat - u ¢t 1f the clopure occoura at the « «pogition of the
naphthyl ring, o benzanthracens (IV) will result; 1T the sacond A=position
on the naphthyl rinz will tels part in the reactlon, a tetracens derivnie
ive (VI) might bo formed, Although the xeposition is knowm to be relatively
much nore reactive than the 8e, a seals model of the molocule IV revecls
a ceritain stroln and hindrance <us to the closencas of the posi.' ..
designated by on asterisk and the phenyl ring., From this point of view
tho structure VI could Lo the preferrsd one, boing relatively streinless,
& further complication mgy arise due to the possibility of oxidation or
dehydrogenation of the hydrocarbon IV which would then load to dibonze
pyrene, V. Such a resction 1s tnoun to osour by GLhe action of aluminum
chloride on IV at the temperature of boiling benzens, and the byproducts
resulting fronm it vere recontly identified (8, 9)s The provicusly
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All rings are fully aromatic unless otherwise indicated.
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reported roaction () leading to IV (Chart II) starts with the easily
accessible ketone VII which is oxidized by selenium dioxide in water at
220° to the acid VIII, This is transformed into its chloride which reacts
in the pseudoform with benzene and aluminum chloride and forms the lactone
IX vhich can be reduced by alcoholic potassium hydroxide and zine dust
to the acid X, The ecyclization of X can be effected by sulfuric acid, and
the resulting tautomeric compound XI, XII yields upon reduction by
potassium hydroxide and zinc dust the G=phenyl-l,2-benzanthracene (IV),
Without mentioning the inherent difficulties due to the complicated
sequence of reactions, it is obvious that this method can be used safely
only for the preparation of the phenyl compound and not the nethyl or
dimethylphenyl analogues.

The methyle and dimethylphenylbenzanthracenes are of considerable
interest still from another point of view, The molecular models indicate
and the evidence presented in this work proves quite conclusively that
the phenyl ring in the 10~ and in the 9= position is not coplanar with
the benzanthracene part of the molecule, If a methylphenyl derivative

(say, 9~(2t-methylphenyl)-1,2-benzanthracene(XIII))is examined

CH3

XIII X1V



either as a scale model or just as indicated above, the possibility of
the existence of the two enantimorphs XIII and XIV becomes obvious,
asgsuming restricted rotation around the 9-1' pivot bond, Similar cases
concerning the biphenyl derivatives were known (9 and references there),
but only a few of them seem to be as illustrative as the example above,
Although it is not within the scope of the present work to attempt the
separation of these antipodes, the fact that they will be made relatively

easily obtainable might be of importance.
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DISCUSSION OF RESULTS

A, by ) o) Mat

The new method for the preparation of the 2«(l-naphthylmethyl)-
benzonitrile which was prepared by Borkovee (11), yielded as a by-product
the 2enaphthylmethyl isomer which was quite valuable due to the high
price of 2-bromonaphthalene, This reaction will be briefly described.

A Friedel-Craf'ts type reaction is carried out between chloride I and
naphthalene (II), A mixture of the two resulting isomeric chlorobenzyl-
naphthalenes III is transformed by means of a Rosenmund-von Braun reaction

to the corresponding nitriles IV,

CHpC1 CH,
e 00— O

(x+ )

s 00

Iv
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The ylelds in this reaction were between 35 = 70% of the mixture of the
two isomers depending on the conditions used., Although the ratio of the
two isomers also varied with the catalyst and temperature, the relastive
percentage of the A ~igomer nsver exceeded 30%, There was a considerable
difficulty with the separation of the two isomeric nitriles,and even though
fractional erystallization from ethanol yielded the A =isomer in a reason=
able quantity, it was not possible to recover it quantitatively, and the
solution invariably turned light brown during the repeated evaporation of
the solvent which was probably due to the partial polymerization of the
nitriles, Chapmen (12) suggested that strong light would enhance this
process, but even when the solutions were kept in darkness the coloration
appeared in sufflclent intensity to prevent the erystallization and a
total recovery of both isomers, It was desirable to develop a procedure
vhich would yleld a higher relative percentage of the A =lsomer so that
the former could be crystallized without removing the « «isomer first,

A satisfactory solution to this problem (11, 12)was found in using
nitrobenzense as a solvent, alumimm chloride as a catalyst, and carrying
out the Frledel-Crafts reaction under raduceé pressure, The ylelds then
amounted to 60-70%, the ratio of the two isomeric chlorocompounds being
about 1:l, The chlorine was then replaced by a c¢yano group, and the
resulting mixture of nitriles was carefully distilled in vacuo. Although
it was not possible to separate the two nitriles quantitatively by
fractional distillation (11),it was found that when the distillate was
divided into three fractions (the first being the one collected at the
beginning of the distillation, the third at the end 3 the boiling
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point did not change appreciably during the entire process), the ratio of
the X « to /A ~isomer was approximately 80:20 in the first, 50350 in the
second, and 20380 in the third part., The A-isomer could then be
crystallized quite easily from the third fraction dissolved in a mixture
of ether-petroleum ether (3:7). Most of the nitrile used in this work was
prspared by this method. The difflculty in the preparation of the two
nitriles by the method used by Bradsher (5) was already described (11,12).
Although the above method gave accéptable and quite economical results,
other attempts were made in order to simplify the preparation of the

/3 =isomer. A very attractive approach seemed to be the Grignard type
reaction between the 2-chlorobenzylmsgnesium chloride (V) and 2-bromo-

naphthalene (VI),
CHp MgCl Br

X, - 00O — &= 00
Cl C1

This reaction was attempted by adding the ethereal solution of the
bromocompound to the Grignard reagent and by adding the Grignard reagent
to the bromide; however, no reaction occurred in either case.

The second obvious possibility seemed to be the reaction between

the 2-naphthylmagnesium bromide (VIII) and 2-chlorobenzylchloride (I):



MgBr CH,C1 CH,
oo O — O Q0

VIII I Vil

This reaction was conducted in the usual way and no dasired
products were obtained, However, 2,2-binaphthyl was isolated from the
resulting mixture in good yield (55%).

The original procedure described by Bradsher (5) was also used

for the preparation of some of the nitrile.

. OH

CHO ¥gBr CH
aa ¥ _—

c1

X VIII ' X

00— O
CN Cl

XI VII
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Although the reaction between the aldehyde (IX) and the Grignard
reagent (VIII) seemed to proceed quits smoothly, considerable difficul-
ties were encountered when an attempt was made to obtain the carbinol (X)
in a pure state. Distillation of the reaction mixture yielded only about
50-60% of the expected carbinol, contaminated with a fraction which was
collected immediately afterwards, The carbinol was then dissolved in
acetone, and the impurity which crystallized as small yellowlsh plates
was filtered, The filtrate vhich presumably contained only e small amount
of the contaminant was distilled under reduced pressure, and again during
the distillation quite a large fraction, corresponding to about 25% of
the welght of the original material, was collected immediately after the
carbinol fraction.

It seemed to be beyond doubt that the unkmown compound resulted
directly from the carbinol, but no plausible explanation was found,
After repeated crystallization, the originally yellowish crystals were
obtalned as colorless plates, with strong blue fluorescence, slightly
soluble in concentrated sulfuric acid, with a brown color. The unknown
compound gave a bright orange precipitate with 2,4,7-trinitrofluorenone,
but no color with pieric acid, The Beilstein test was negative, however,
no inerease in pressure indicating elimination of hydrochloric acid was
observed during the distillation, Muach better results, as far as the
yield in the overall reaction leading to the A ~nitrile is concerned,
can be obtained by reducing the crude carbinol and neglecting its

purification,
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The reduction of the carbinol X to the chlorocompound VII by red
phosphorus and lodine suffers from the same difficulties as the analogous
roaction in the w=-series previously described (11). The transformation
of the compound VII to the nitrile XI by a Rosemmnd-von Braun reaction
is quite smooth and results in good yields,

Due to the high price of the 2«bromonaphthalene and the above
degerlbed difficulties, only a small amount of the nitrile was prepared

by this reaction,
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B. reparation of =], 2=be 7 anes

The method used to prepare 9-phenyl-, the three isomeric 9=-methyl-
phenyl=- and six lsomeric 9-dimethylphenyl-l,2-benzanthracenes was
essentially that used for the preparation of the lO~isomers (11),only
2=-naphthylmethylbenzonitrile was used in place of the l-isomer, The
properties of the kebtimines are quite similar to those in the « - series,
i.c4y the free ketimines are viscous oils or colorless crystalline substan-
ces of quite & low melting point, well soluble in common organic solvents,
and they react with mineral acids to form the ketimine salts (hydrochlorides
were mostly used in this and previous (11) work).

The hydrochlorides are colorless or slightly colored crystalline
substances which melt with decomposition around 2000, are well soluble in
ethanol, little or not at all in acetone, benzene, other and ligroin;
they can be transformed into the free imines by boiling them with dilute
alkkali, and hydrolyzed to the ketones by dilute mineral aci’s. The ease
of hydrolysis, however, varies greatly with the structure of the compound,

for example, the unsubstituted ketimine salt I,

00 (X0

C=NH.HCi C=NH.HCI

CH CH

I II



can be partially hydrolyzed by boiling water; the 2,6~dimethyl compound
(II) was successfully hydrolyzed only by heating it with 40% sulfuric

acid in a sealed Carius tube to 180° for eight hours. Steric hindrance

was suggested (11) to account for these differences. The susceptibility
to a partial hydrolysis seems to be specially developed in some of the
unsymmetrical dimethyl compounds., Consequently, the preparation of an
analytical sample was made so difficult that although all the ten ketimine
hydrochlorides were isolated as such, only the phenyl= (I), three isomeric
monomethylphenyl= and the 2,6~-dimethylphenyl- compound (II) were success=
fully analyzed,

The hydrolodides seem to be in general less soluble, and their
formation may sometimes lead to appreciable losses during the preparation,
For example, in the preparation of the 2,6-dimethyl- compound (II),
246~dimethyliodobenzene wes used as a starting material., During the
decomposition of the mixture resulting from the Grignard reagent and the
nitrile, the ketimine hydroiodide precipitated together with the magnesium
salts and had to be recovered by quite a lengthy procedure, It was
suggested already by Shulman (13) that such a precipitation might account
for the occasional low yislds in the preparation of the ketones with
structure similar to those discussed here. This, however, seemed to apply
only in the case where the starting material was an iodide (bromides
were used in most cases in the present work), The follouing mechanism

might possibly explain the differences :



1)

)

3)
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Arl
Ar - CEN + Ar'Mgl —— Ar-C(
NigI
Ar! ,Ar'
Ar - C * H,0 ——) MgOHI + Ar-G

Y1 Y

MgOHI + HZO —_— HI ¢+ Mg(@l)z

Ar' ’Arl
Ar - C *+ HI ——— Ar=-C
NH Mg , HI

The equilibrium in step 3) which would be expected to favor the

left side of the equation 1s probably shifted to the right due to the

high affinity of the free imine (step 4) for the HI,

Four ketimine hydrochlorides of the type III ( R = H, 2-CHs, 3-CH,,

4~CH )

oY

C=1H.BC1

III

were also prepared in order to complete previcus work (6, 11), The usual

mathod for preparation of the corresponding ketones consists of hydrolyzing
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the ketimine salt with a dilute mineral acid, and proceeds very smoothly
with all the compounds with the exception of the 2,6=dimethyl compound (II),
In previous work (11), before the seeled tube technique was developed,
three compounds were isolated which had similar charscteristics to those

of the expected ketone, however, the C and H analyses were concistently
high in both carbon and hydrogen. In the course of this work the previous
experiments were repeated, and it was found that the compounds designated
as Form I and Form III (the experiment yielding Form II could not be
repeated) correspond to the free 2(l-naphthylmethyl)e2!,6'~dimethyl,
diphenylketimine, Form I being s very pure sample of this compound, Form III
containing some unknown impurity.The following table will be illustrative:

Table I
Lone Ketimine Form I Form III Ketone
% Calc, % Cale, % Found 7% Found % Found
¢ 29,10 89,36 89,37 89,81 89447
H 6,33 6,63 5470 6043 6439
epa °C, 109,5-110 122-122,5 124,5-125,0

A satisfactory confirmation of the identity of the setimine was
achieved by dissolving the Form I in ether and mixing it with a few drops
of ether saturated with hydrochloric acid. Ketimine hydrochloride which

wag identified previously precipiteted immediately.
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The presence of the free imine in place of the ketone can be
easlly explained, The attempts for hydrolysis of the ketimine salt were
carried out in the presence of an organic solvent (benzene, toluene) in
vhich it is very slightly soluble. After long reflux, the organic layer
was separated and washed with water, 10 solution of sodium hydroxide,
and then again with water to remove the traces of the acid, The alkall
obviously had decomposed the small amount of dissolved ketimine salt, and
the well soluble free imine was then isolated,

Ten other ketones of the type IV

(R = H; 2CHy; 3-CHy; 4~CHg; 2,4~Clz; 2,5-CHlyp 2,6~CHy; 3,4~CHy; 3225:553)
were prepared by the hydrolysis of the corresponding ketimines,

They form colorless crystals or very viscous oils of generally
lover melting or boiling points than those in the l~-naphthyl series (11).

During the distillation they acquire a strong yellowish-green fluorescence
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which disappears after a few days, This is probably due to a very small
amount of impurity which can be removed by passing the ketone through
activated alumina,

The cyclodehydration of the 2-(l~naphthylmethyl)acetophenone
(V, R = CH3) to the corresponding hydrocarbon VI ( R = CH, ) vas effected
by Bradsher (5) by heating it under reflux with a mixture of acetic and
hydrobromic acid,

) — Q0
R

The same procedure succeeded (6) for the ketone V, where R was

n

"8

phenyl or p-methylphenyl, but failed to yield satisfactory results with
ketone V where R was g~ or p-methylphenyl., The same difficulties were
encountered in cases where R was a dimethylphenyl radical (11). The change
in the relative concentration of HBr and the use of formic instead of
acetic acid led to no appreciable differences in the reaction products,.

As discussed earlier (11), these and other considerations culminated in
the development of a procedure where & higher temperature and minimm
oxlidation made the preparatlion of the 10-dimethylphenyl-l,2-benzanthracenes
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possible,

It may be briefly reviewed that this procedure consisted of heat-
ing o mixture of the ketone or ketimine with écetic and hydrobromic acid
in a seasled glass tube (Carius tube) for several hours in a special
furnace (Carius furnace). The temperature was automatically maintained at
about 180° and the time was varied according to the structure of the ketone,
It can bs perhaps pointed out that, in general, the retones having a
methyl group in at least one of the ortho positions require longer heating
periods than those with both methyl groups in the meta or meta and para
positions. Prolonged heating at temperatures over 200° leads invariably
to extensive charring of the material.

This method was now successfully applied to the cyclodehydration
of the ketones V (R = 9 and p-methylphenyl), and the corresponding
hydrocarbons were isolated in high yields,

The cyclization in the R-naphthyl series (ketones of the type IV)
followed a very similar pattern, although as might be expected (see p.9),
certain complications came up, The yields of the hydrocarbons were gensrally
somewhat lower than those in the l-naphthyl series (ketones of the type V),
and there was always present a small amount (1-5%) of a deeply yellow
material which could be separated only after many crystallizations,
repeated chromatography,or by a method described below. This impurity
possessed a very strong yellow fluorescence which dissppeared after longer
irradiation by short wave ultraviolet light, a perfect example of a high
reactivity which probably prevented its recovery and crystalligation. The

solutions of this yellow material, and thils wes observed in every one of
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the concentrates resulting from the cyelization of all the ketones of
type IV, lost thelr strong yellow fluorescence and turned deep orange
after prolonged boiling or standing even when kept in relative darkness.
The orange or brown compound which seemed to be non-homogeneous was then
very strongly adsorbed by alumina, a good indication of its quinonoid
nature,

The simplest way of separating these ly-products from the benzane
thracene seems to be Cook's method (14), which consists of heating the
mixture in benzene solution with a small amount of maleic anhydride for
a few hours, decomposing and removing the adduct with sodium hydroxide
solution, and recovering the pure hydrocarbon from the organic layer, The
preferential oxidation method, which is sometimes used for the same purpose
cannot be used here because the Gmarylbenzanthracenss theméelves are
quite sensitive to oxidation. As will be discussed later, the molecular
compound formation method is inspplicable, due to the structural features
of the compounds involved,

Several other bhy-products were frequently found among the products
of a cyclization reaction, The yellow fluorescing material seemed to be
decidedly of hydrocarbon nature, being quite loosely bound to alumina in
an adsorption column and comparatively easily eluted by petroleum ether,

There were, however, usually several other, possibly non-hydrocarbon
fractions which were qulte strongly adsorbed by alumina and could be elu~
ted only by very powerful eluents as ether, acetone, etc, Their relative
and absolute amounts varied with the ketone used and cornditions during

the reaction, The ketones of the type IV where R was H or CH3, yielded
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very little of these by-products, a narrow red stripe being visible
occasionally among others on top of the chromatogrephy column, This,
hovever, became exceptionally prominent in the chromatography of the
cyclized ketones IV where R were two methyl groups., In some instances the
amount of this deeply red material amounted to 107 of the yield, and
could be isolated in crysialline forme The almost black, small needles
had a very hich melting point and their solution in benzene was decolorw
ized by addition of maleie anhydride., Similar compounds were observed
among the products of the ketones in the l-naphthyl series, but no
further investigation along this line was conducted,

The two hydrocarbons of the type VII (R = H and p-CHj3)

00 —

=0

were prepared by the cyclodehydration of the corresponding ketones IV
(R = H and p-CHz) by heating them with the acid mixture under reflux for

a short time, However, the bomb technique had to be used for the



preparation of the other hydrocarbons of the type VII (R~ 2’-CH3; 3'-CH3;
2',3'-GH3; 2',4'-CHg3 2',5'~CH3; 3',4'~CH3; 3',5'-CH3), the starting
materials being again the corresponding ketones IV,

In the previous work (11), severasl hydrocarbons wers prepared
directly from the ketlmine salts by heating them with the usual acid
mixture in a Carius tube. Two pathuays were proposed for such reactions:
1) a hydrolysis of the kebimine and cyclization of the resulting ketone,
2) a direct cyclization of bthe ketimine hydrochloride with elimination of
NHACl. It was not then possible to decide which of these two possibilities
was the preferred one, end several attampts along this line were under-
taken later, It was found that the ketimine salt (VIII) can be qulte
saslly cyclized just by heating it in a sealed tube in No atmosphere for

nine hours to 3000.

o

C=NH ., HC1 —— + IKI401

VIII VII
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The same experiment was then repeated with the tetone in place of the
ketimine, but no reaction was noted, It cannot be, nevertheless,concluded
that the aeid cyeclization of a ketimine is always a direct process
(pathway 1). If moist ketimine is used in the thermal cyclization, a
corresponding ketone, together with crystalline NH401, is recovered.
Because the hydrolysis of most of the ketimines is a relatively easy
process which yields the ketones under much milder conditions than the
described thermal cyclization, it can be assumed that the acid catalyzed
cyclization of the ketimines yields, in all probability, the correspond=
ing ketones as intermediates (pathway 1), It vas also attempted to
cyclize thermally the sterically hindered ketimines (i.e,, the 2!,6'=di=
methylphenyl compound). However, only some unidentified red oily
compound was isolated from the reaction mixture., The lack of fluorescence
clearly indicated the absence of the expected hydrocarbon,

The chromatographic separstion of the reaction products deserves
some mention here, Although there are several excellent reviews of this
subject (53) which put the bagsic phenomenon on a firm physical basis,
there is still a great deal of guessvwork based on the experience and
feelings of the experimentator necessary for obtaining optimal results,
In general, the rols of the polarity of the solvent is, at least
qualitatively,well understood, but the fine details, mainly as far as
nixtures of various solvents and their combination with different kinds
of adsorbents is concerned, depend solely on personal imagination and
experience, Fisher's Alumina (for chromatographic analysis), 80~-200 mesh,

was used exclusively throughout this work. The petrolsum ether used was
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always carefully distilled and the fraction boiling between 50-90°
collected., All other solvents were pure and anhydrous, A glass column,
60 cm, long, 1 cm, in diamater, was filled with petroleum ether and the
alumina wes slowly added (wet packing). The air bubbles were expelled by
tapping the column gently with a rubber hammer., The excess solvent was
then drained and the respective mixture dissolved in a minimum of benzene
was carefully poured on top of the adsorbent. The usually deeply colored
zone which was formed in the upper part of the column was then eluted by
petroleun ether or mixtures of various other solvents. The progress of
the operation was then usually traced by irradiating the column with ultra-
violet light. Since many polycyclic aromatic hydrocarbons are sensitive
to photoxidation, the lrradiation time should always be minimized. It is
recammended in general to perform the whole operation in relative darkness.,
The individual fractions were then collected, the solvent dlstilled,
and the remaining material crystallized, It must be emphasized that the
separation, oftten amazingly efficient, is almost never quantitative,
Usually there is a considerable amount of a "middle-fraction" consisting
of variable amounts of the fraction which is being eluted and the one which
Immediately follows, Repeated chromatography must often be performed., The
rate of elution is definitely connected with the efficiency of separation,
The optimal resolution would be probably achieved by the smellest elution
rate, however such a process would be extremely time consuming., A convenw
ient compromise must then be made, Throughout this work the rate was kept
mostly at about 30-50 drops per mimite; even so the time necessary to

complete one separation was about two to four <ays.
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The G=aryl-l,2=-benzanthracenes are colorless solids which some=-
times crystallize with considerable diffieculty. So, for examplse, the
3y4=~dimethyl compound was isolated as a colorless oil and resisted all
attempts for cyelization for several months. Then, for no apparent reason,
eryosels formed and even slightly impure solutions of the same compound
which were kept separately crystallized without seeding or any outside
help, However, two members of this series (VII, R = 2'y4'~CHy and 2',5'-CHy)
could not be crystallized as yet. All of these compounds possess a very
strong blue fluorescence in both solid and dissolved states, Their ultra=
violet adsorption spectra will be discussed later.

A very interesting property of some of these hydrocarbons is their
ebility to exist in polymorphic crystalline forms, At the same time, 1t
complicates their isolation quite considerably, especially because the
two forms only seldom can be obtained separately and at will, more often
they both crystallize from the same solution, forming clusters of crystals
with a melting point somevwhere between those of the two pure modifications.
One of the forms can and frecusntly has been easily mistaken for an
impurity, wvhich of course cannot be removed. The higher melting form
seems to have a tendency to precipitate out of quite concentrated, warm
solutions, wheress the lower melting form usually requires longer time
and milder conditions for its formation, Some of the polymorphic forms
were discovered under very peculiar conditions and were cause of grave
concern to the author, For example, an alecholic solution of one of the
hydrocarbons was mixed with picric acid, in an effort to isolate the

picrate, After several months and many vaein attempts to obtain a
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crystalline addition product, a few colorless crystals appeared in the
solution, but their melting point was very much different from that of the
original compound, Since picrates are invariably deeply colored and are
dscomposed in contact with alumina, the possibility that thils was a
pierate was excluded, After spectral examination (the spectrmum was idente

icel with the original compound) and other considerations the crvstals

vere recognized as a polymorphie form of the hydrocarbon,
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C. Cycloishydration of Some Highly Hindered Ketones.

In the previous work (11), it was indicated that the ketimines (IX)

and ketones (X) of the following type

(:::I:::\cﬂz -..I:fs;:J CH,

C=NH , HC1 C=0

CHy CH, CH3 CH,

show an exceptional behavlor asg far as their reactivity is concerned.

The difficulties connected with the hydrolysls of the ketimines were
already adequately described (11) and ~xplained by steric hindrance
resulting from the two o-substitusnts, It is questionable whether this
reagoning can be applied to the cyclodehydration of the ketimine or
ketone, As will be discussed later, the phenyl ring which is attached to
the benzanthracene mucleus cannot be coplanar with the rest of the
molecule even if there were no substituents in the o- position. The only
place where the two o~ sroups might exert their influence would be the
carbonyl group which indeed (according to the mechanism proposed for this

type of reactions by Bradsher and Vinglello (6)) plays an important role



in the cyeclization.

There were many attempts mede in order to effect the cyclization
of the ketimins (IX), and although no satisfactory procedure was developed,
a small yleld of unidentified colorless hydrocarbon was reported (11).
Due to the improved technique in later experiments, substantial increase
in the yield of this compound was achieved, but the analysis ( C, 94.35;
944513 94,065 H, 5,653 5.,17; 5.43) showed an appreclable deviation from
the calculated value (C, 93.94; H, 6.,06) for the expected hydrocarbon,
The high percentage of carben suggested cleavage of either the methyl
groups or the dimethylphenyl group, or a rearrangement, In order to gain
more information, a trimethyle-substituted ketimine (XI)

o
C=0

,30, dil.
CHy CH, CHy CH,
GHB GHB
X1 XII

was prepared by the conventional method, hydrolyzed in a sealed tube to
the ketons (XII) and the cyclization of this ketone was investigated,
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Again, a colorless hydrocarbon was obtained which was proved to be identi-
cal with the one resulting from the attempted cyclization of the ketone X,
It was then apparent that since the only part of the molecule where the two
kotones (X end XII) differed was the methyl-substituted phenyl ring, the
hydrocarbon product resulted from a cleavage of this ring, Two possibilities
vere then considered : 1,2-benafluorens (XIII) and 1,2-benzanthracene (XIV),

A AN os)

XIIT Iv

All the evidence indlcated that the unknown hydrocarbon was identical
with the latter. Some derivatives were prepared and the results are

sumarized in Toble I.

Table I
- thrace [
Ly De G, 158-159 (7) 156=157
Solubility in HpS0, Red, changes to blue Red (red fluorescence)
(7 changes to blue
Pic cid add 25° (8,9) 140,5-142,5°
Trinitrofluorenons add,opd, 223.6=-224,0° (10) 223,0-223,5°

Spectral evidence will be discussed in part E, Very similar results were
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obtained when the cyclization of the ketone XV was attempted.
1,2~Benzanthracene was isclated as a reaction produet, however no tetra-
cene was obtained although it conceivably might have been formed by ring

closure

R

CH3 CH3

Xv

into the second & -position of the naphthalene nucleus. It was already
nentioned that this possibility played a great role in the theoretical
considerations concerning the cyclization of ketones derived from

2-gubstituted naphthalene.

XVl
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Although the ring closure into the 2~position of naphthalene is very

rare (16, 20) if the leposition is available, some evidence was obtained
that the tetracene derivatives (XVI) are formed in small amounts, The
yellow fraction which accompanied every cyclization of the ketones in the
Z«naphthalene geries possessed a sirong yellowish-green fluorescence which
disappeared after irradiation by strong ultraviolet light, and formed an
addition compound with maleie¢ anhydride, Both of these phenomena can be
observed already with unsubstituted tetracene, the first beilng presumably
due to the formation of explosive photo oxides (16, 21) and the second to
the easy formation of a colorless adduct (18, 22). The bensanthracenses are
colorless, possese a blue fluorescence, and do not add maleic anhydride
under the same conditions, It was attempted several times to isolate the
yellow by=produet in orystalline fomm, but without any success,

The cleavage of the hindered ketones indicated the necessity of
devising a new method or at least of changing the conditions of the
cyelization, Some unsuccessful efforts were deseribed previously (11),
others were made in the course of this work, Cold consentrated sulfurie
acid led invariably to sulfonated, water soluble products, phesphorus
pentoxide and 100% phosphoric acid ylelded small amounts of green fluore
escent oils which could not be orystallized. Finally a successful method
wag devised which followed a very unconventional line, The previous cyeli-
gations were usually carried out in solution under catalysis by a strong
mineral acid, The new method consisted of heating the ketone with powdered
alumimm oxide to 240-280° under reduced pressure (0,5-3.0 mm,). Fisher's
Alumina, dehydrated by heating to 300° for several hours under reduced



pressure (the commercial product contains some water), was most often used.
This procedure ylelded axcellent results in the cyclization of all the
simple ketones in both the 1= and the 2e~naphthyl series,

The hindered ketonsa were also successfully cyelized by this
method, but the ylelds wvaried greatly from case to case., The ketones X and
XII gave 45% and 80% yields of the corresponding hydrocarbon, The results
of the cycliszation of the ketone XV were quite poor, and the reaction
seamed to be exceptionally difficult and complicated, However, same
interesting observations were made during the attempts to improve the
yields in this particular mction; In the first group of experiments,
Fisher's Alumins was used, the time of heating and temperature were varied,
and the amount of strongly fluorescent fraction which appeared on the
chrematography column was taken as a eriterion for the officlency of the
catalyst. The optimal reection time was two hours, shorter or longer
periocds of time gave lover results, The optimal temperature was between
260 and 280°, temperatures under 260° and over 280° gave lower yields,

In the second group of experiments different kinds of alumimm oxide were
used, Three sorts of Woelm alumina (designated as: "acid", "basic" and
"non-alkaline"” ) were compared with Fisher's Alumina, Under similar condie
tions the latter and Woelm "basic" alumina gave the best results, the
"aold" alumina being surprisingly inefficient,

Even in the optimal case the amount of the strongly fluorescent
fraction which could be sluted by petroleum ether was only 34% of the
weight of the ketone, This fraction consisted invariably of four distinet
regions which were easlly recognizable on a chromatography column,



This does not imply that only four compounds were present, From the first
colorless, blue fluoréscent stripe which was eluted by petroleum ether

two crystalline compounds were isolated, one of which was the expected
9-(2',6'~dimethylphenyl )=1,2=-benzanthracene, Its identity was substantiated
by taking its ultraviolet spectrum, The second compound was erystallized
from ethanol as colorless prisms, m.p. 190~200°, and was insoluble in cold
concentrated sulfuric acid, Even after six successive crystellizations the
melting range was very broad. On heating, small colorless droplets formed
around the crystal which became opaque at btemperatures above 120°, This
suggested that some chemical change was taking place during the melting
process, but after cooling the molten crystals and repeating the melting

~ point determination, the same phenomenon was observed. The analysis of

this second product (C, 93,473 H, 6.56) showed appreciable deviation from
the values for the expected benzanthracene derivative (C, 93.94; H, 6.06),
but when compared to the calculated velues (C, 93.37; H, 6.63) for a
dihydroderivative, a surprising similarity was apparent., Some considerations
concerning this case will be mentioned in part E,



D. General Remarks on Cyclodehydration by Means of Alumina

A photograph of the apparatus used in the Alumina reactions is
shown on the next page. It consists of a round bottom flask, half-filled
with the mixture of the alumina and the ketone, the thermometer being
immersed in it without touching the glass. The upper smaller flask has a
side=arm which is connected to the vacuum pump, The temperature is control-
led by a variable transformer, and the pressure by a suitable vacuum gauge.
During the reaction the material invariably turned deep yellow even when
the compounds of the l=naphthyl series were used and often quite vigorous
"boiling" was observed, The high temperature was usually maintained for
one to three’hours, and after the flask cooled off the mixture was trans-
ferraed into an adsorption column partially filled with alumina or other
suitable adsorbent, The products were then eluted by petroléum ether or
a mixture of benzene and petroleum ether. The path of the colorless
hydrocarbon could easily be traced by irradiating the column with ultra=-
violet light; however, in the 9-substituted benzanthracene series a yellow
impurity possessing a strong yellow fluorescence could not be separated
quantitatively from the colorless fraction by this method,

The problem of a suitable mechanism for this reaction, although
not pursued systematically, suggested an important question. Does the
acid catalyzed cyclization of these ketones follow the familiar mechanism
formilated by Bradsher and Vinglello (6) or does it undergo an Elbs-type
ring closure? The importance of this consideration can be illustrated by

the following scheme (Chart III),
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CHART III

<5 0

C=0 = Cllp
XVIiI XVIL
Acid Elbs-type
catalyzed reaction
v

XVIII XIX
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The acid cyeclization of the ketone XVII yilelds a single hydrocarbon
product which is identical with the main producet resulting from the
alumina cyclization of XVII, In order to gain & better insight into
this question, the ketone XXI was prepared by hydrolyzing the ketimine

salt XX and cyelized using both aclid and alumina processes.

“0 O{’O

C=NH . HC1 HasO',+ dil.

Y
L4

The cyclization was difficult and the results quite surprising, There
vere two principal hydrocarbon products resulting in approximstely equal
amounts from the acid process. One wes found to be identical with
10-phenyl-l,2-benzanthracene (XVIII) and the other with 9=(l-naphthyl)-

anthracene (XIX). The following scheme (Chart IV) will be illustrative.
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CHART IV

X0 X

XXI
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I
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Acid Elba-type
catalyzed reaction

XX XVIII
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The presence of the compound XIX was expected as a normal product of the
cyclization of the ketone XXI according to all previously done work
(6,7,23,24), however, the presence of XVIII was surpricing indeed, the
cyclization obviously followed a path similar to the Elbs-type reactions
(25). Such reactions were thought to occur only at high temperatures and
with no solvent or catalyst present,

The alumine cyclization, on the other hand, seems to be at least
as far as the procedure is concerned, much close to the Elbs process.
Actually, it was reported that ketones can be pyrolyzed by dropping the
liquid into o metal tube packed with active alumina at about 400° (26).
However, the effect of the catalyst was questioned by Fieser (25).
Surprisingly enough, the cyclization of the ketone XXI by alumina yielded
almost exclusively the hydrocarbon XVIII (i,e., & benzanthracene derivative)
and only traces of the compound XIX (i.e., anthracene derivative). On the
other hand, the alumina cyclization of the ketone XVII gave almost
exclusively the hydrocarbon XVIII (benzanthracene derivative) but a very
small amount of hydrocarbon XIX (anthracene derivative) wes found as a
by-product, It seems to be reasonsble to conclude that the following
generalizations can be considered in this type of cyclizations :

1) The well known cyclodehydration process as described by Bradsher
and Vingiello is the preferred one,

2) The Elbs type reaction can proceed simultaneously, but
quantitatively it is only of secondary importance.

3) If the Elbs type cyclization involves a phenyl ring only very

snmall amounts of Elbs type products are found,



L) If the Elbs-type cyeclization involves a naphthyl ring, a
considerable increase in the relative quantity of the Elbs-type products
may be fourd.,

5) The sbove mentioned generalizations do not necessarily indicate
the actual mechanism of each of the reactions,

As a regult of later experiments it was quite easy to show that
the acid cyclization follows, in general, the path of the accepted

mechanism (6), A1l hydrocarbons of the general types ¥XII and XXIII

X{II XXIII

prepared by the acid cyclization of the corresponding ketones were
speotroscopically proved to be derivatives of 1,2-benzanthracene rather
than anthracene, and the 9-phenyl-l,2~benzanthracene (XXIII, R = H) was
identical with the one prepared by a different method (8),

The acid cyclizatlion of the ketone XXI must then be considered
as an exceptional case, being the only acid catalyzed reaction thus far

known to yileld Elbs-type products in such a considerable quantity,
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At this point it was very desirable to compare the reactivity and reactions
of the ketone XXI with an isomeric ketone XXVIII, which was prepared by

the usual method from the corresponding ketimine,

0 00
C=0 . CHy

XXVIII

The dlfference was striking, It may be recalled that the cyclization of

the corresponding l-naphthylketone XXI was a relatively difficult process
requiring high temperature and pressure (sealed tube technique). The
ketone XXVIII, on the other hand, could be cyclized by the simple reflux
mathod in excellent ylelds., The sealed tube technique gave almost quanti-
tative yields of a very pure product; only traces of hydrocarbon by-
products were detected. The question of by-products was in this case of
special importance, The corresponding l=-naphthylketone XXI yielded up to
507 of hydrocerbon by=-products resulting from the Elbs-iype ring closure.
It was therefore expected that more than a detectable amount of by-products

might result from the cyelization of XXVIII(right-hand structure). Further
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complicatlion was expscted as a result of two nonwequivalent positions on
the naphthalene nucleus, each of which could concelvably yield a different
hydrocarbon product (%lbs=-type cyclization). In view of these conciderations
the results of the cyclization of XXVIII are very difficult to explain,

An attractive approach to the same problem was the comparison

between the cyclization of the two ketones XXIX and XXX,

R Ao

SN

The corresponiing ketimine salts were prepared by the conventional
method and hydrolyzed in a sealed tube to the ketones. It was expected
that the hydrolysis of the ketimine (XXXTII would be easier than the hydro-
lysis of XiXI, Both electronic and steric considerations would favor
this hypothesis and the same reasoning can be applied to the case of the
ketones XXI and XXVIII, Contrary to these expectations none of the
ketimines cen be hydrolyzed satisfactorily by simple reflux with dilute

sulfluric acid; in all cases the sealed tube technique had to be used.
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CaNH C=NH

XXI XXXTIT
Nevertheless,the cyclization of these ketones (XXIX and XXX) proceeded

according to all expectations, The sealed tube technique, using kétone

XXIX, gave excellent yields of the corresponding hydrocarbon XXXIII,

Oiif?—'of .

XXIX XXIII

This is easily understandable since both reaction paths (Bradsher-type,
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Elbs=-type) would yield the same product.
As expected, the cylizatlion of XXX to XXXIV was very smooth,

and the simple reflux method gave high yields of the hydrocarbon,

(Xcﬂz

C=0 ———)

Only traces of by-products (possibly those corresponding to the Elbs-type
reaction) were detected, The same reaction was repeated using the sealed
tube technlque, and again high yields of XXXIV were realized, Although
the amount of by-products increased, none of them could be properly
identified,

The following evidence for the identity of the alumina cyclization
products can be cilted., All the hydrocarbons of the type XXII and XXIII
prepared by the acld cyclization were identical with those prepared by the
alumina method, The ketones where the phenyl ring was substituted by two

methyl groups in ortho position cannot yleld an Flbs~type product., Three
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such hydrocarbons were prepared and their spectra indicated their
relationship with 1,2-benzanthracens, (See Section E,) However, it was
hard to understand why the alumina cyclization of XIX ylelded almost
exclusively the Elbs~type product XVI, unless there were at least some
tendenecy to favor or catalyze this type of reaction. Two experiments were
performed in order to elucldate this question. To induce an Elbs-type
reaction in 2-methylbenzophenone was slways considered extremely

difficult (27).
co
Co O — OO0
CH3
XXIV XV

Therefore the ketone XXIV was subjected to the alumina method with the
hope of obtaining better ylelds of anthracene (XXV). Only traces of
anthracene were detected in the products of the reaction which was diffi-
cult to perform due to the relatively low boiling point of the ketone XXIV,
In order to eliminate this difficulty as a possible reason for the negative
results, another ketons, XVI, was prepared which is known to pyrolyze

quite smoothly (28) giving good yields of benzanthracene XXVII,
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co
—————(p

GHB
XXVI XXVII

However, even this reaction performed with alumina gave only traces of
the product XXVII,

In view of this evidence, the conclusioﬁ that the alumina has no
special tendency to act as a catalyst in an Elbs-type reaction, seems to
be inevitable,

A further interesting extension of the applicabillity of the

alumina cyclization was the successful attempt to cyclize the ketone XXXV

=0
—

C=0

O
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to the hydroearbon XXXVI, A considerable amount of work wes done in order
to debermine the structura of XXXVI (13), and the acid catalyzed cycliza-
tion of the ketone XXXV gave unsatisfactory results. The ketone was,
nevertheless, very smoothly cyclized by the alumina mothod, and the
resulting hydrocarbon was found to be identical with that isolated from
the acid catalyzed cyelization,

It has to be emphasized that the alumins cyclization reaction
cannot be considered at present as a clear-cut procedure as far as the
mechanism, scope and limitations are concerned. It can perhaps be argued
that alumimm oxide, being able to act as a "Lewis acid" (21), simply
replaces the function of the hydrobromic acid in the cyclization mixture.
It is quite difficult, however, to imagine ionle processes in absence of
a solvent. It seems more acceptable to regard the alumina only or mainly
from the point of view of a large active surface acting in a similar
fashion to the hydrogenation catalysts (30). This, on the other hand, is
also open to serious objections and much more work will have %o be done
before this reaction will be fully understood.

Although in nmost of the cases mentioned alumine was used, it was
found that other materials can also be used with some success, Florisil
is the commercial name for an adsorbent nmaterial which is basically a
complex magnesium silicate, When this material wes used in place of
aluminag and mixed with a dimethyl-substituted ketone of the type XVII, a
30% yleld of the corresponding hydrocarbon was obtained, However, there
was a striking difference in the nature of the by-products, All the

alumina cyclizations were characterized by the intensely yellow coloration
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of the reaction mixture, The yellow by-preoducts, although never identified,
accounted usually for not more than 10% of the amount of the ketone used,
The Florisil cyclization, on the other hand, yielded over 407 of a deeply
red oil which could be crystallized as almost black little needles which
melted and decomposed over 250°, This by-product was at least superficially
very similar to the red products invariably accompanying the acid catalyzed
high temperature cyclizatlons of the dimethylketones, In concluding,

it should be mentioned that no satisfactory results were obtained when

the Florisil was used in an attempted cyclization of one of the di-ortho-

substituted ketones,
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E. Some Considerations Concerning the UV Spectra and Molecular Compounds

of the Hydrocarbons Prepared,

The case of the cleavage of the highly hindered Zzetones leading
to the formation of 1,2-benzanthracene (page 36) was quite revealing in
that it indicated the insufficiency of some of the analytical data. It
can be briefly reviewed that a compound 326320 (corresponding to 9= or
10-{dimethylphenyl )=1,2=-benzanthracene) contains 93.9% of carbon and
compound CqgH,, (corresponding to 1,2~benzanthracens) contains 94.7% of
carbon. The usual reliability of C and H analysis 1s 0,3 - 0.5%, It is
then evident that a value of 94.307% of carbon would fit any of the mention-
ed hydrocarbons, provided the reaction path and mechanism supports each
of these possibilities. Consequently, some other evidence must be produced
in order to substantiate one of the suggested structures. If at least one
of the compounds in question was previously prepared and ldentified, a
simple solution seems to be at hand, i.e., comparing the physical and
chenical properties of the known and the unknown, However simple this solu-
tion sounds, thers are often considerable difficulties in performing these
simple camparisons. As far as the chemical properties of the compounds in
guestion are ;oncerned, arcmatic hydrocarbons are often quite unreactive
towards mild reagents and only seldom yleld a well defined product after
more drastic treatment (usually oxidation). This becomes especially import-
ant in cases where only a comparatively small amount of the substance is
available., The most commonly known and used physilcal property is the
melting point, the boiling point, if knoun, being only seldom of any real
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value, and other properties such as refractive index, solubility, etc.
are in most cases unknown., However, polymorphism, which is qulte common
among polymuclear hydrocarbons must frequently be considered, and a melte
ing point is then characteristic rather of the crystalline form than of
the compound proper. This difficulty is often compensated by the ability
of some hydroecarbons to {orm molecular compounds. Only little is knowm
about the precise character of these usually highly colored crystalline
substances, but it seems to be fairly well established that they owe their
stabllity to electrostatic interactions, supposedly due to polarization
of one component by the other (31, 32), The two prominent factors contri-
buting to their stability are the amount of polarization that occurs
between the donor (hydrocarbon) and acceptor molecule and their steric
requirements (33, 34). To which extent these two factors influence the
formation and ctability of the molecular compound is hard to decide, but
some interesting observations vere made in the course of this work, and
will be discussed subsequently. Returning briefly to the case of identity
of the three mentioned compounds, 1,2-benzanthracene indeed forms well-
definsd molecular compounds with pieric acid and trinitrofluorenone, but
all attempts to ilsolate corresponding compounds of the substituted
benzanthracenes failed.

This is in good agreement with the importance of the steric faector
and its influence on the complex stability, Several x=-ray diffraction
studies (31, 35) have shown that, in general, the crystalline addition
compounds consist of alternate layers of the two components., If the donor

molcoule is noneplanar, the approach of the acceptor molecule is sterically
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hindered, and complex formation 1s then nade more difficult because the
non-planarity increasses the distance through which the attractive forces

must operate (34). This then suggests that the ring B (I) is not coplanar

with the ring system A, and it can also be amply demonstrated by conste
ructing 2 model of the molecule (Fisher-Hirschfelder-Taylor kit can be
used) showing the impossibility of the planar structure. It has to be
emphasized that although no addition compound of I was isolated in a
crystalline state, a deep red color always accompanied the mixing of the
acceptor agent (picre acid, etec.) with the benzene solution of the hydroe
carbon (aleocholic solutions sometimes show only deepening in brilliant
yellow color of the piecric acid), Further, it is worth mentioning that in
a few cases crystalline red derivatives were obtained after many months,
but these campoundé showed a very low stability (i.e., they spontaneously
decomposed into free picric acild, showed a broad melting point range,
resisted all attempts at recrystallization, eote.) and could not be used



ag a routine nmeans of identification and ssparation,

One of the physical propertiaes which is becoming more and more
important in hydroearbon studies is the abllity of their solutions to selec-
tively absorb ulbraviolet light, The resuliing specirum can then serve as
a fingerprint for ldentification purposses. It is not within the scope of
the present work to go deeper into the still 1ittle explored theories
concerning the origin of this selsctive absorption end the comnection
betwsen the specirel pattern and molesulsr structure, There is, however,
one rule which was of importance in this invegtigation and therefore deser-
ves a brief discussion here,

Let us consider an absorption spectrum of a polynuclear hydrocarbon,
for example l,2«benzanthracene. It can be expected that any substituent
will produce a cerbailn chonge in the position of the maximum absorption
peaks (i.e., a hypsochromic or bathochramiec shift) or eventually alter the
entire form of %the spectrum (36, 37). If the substituent were an sromatic
group (as for example, phenyl or msthylphenyl group in the cases discussed
above), there can again be either a relatively small displacement of the
spactral peaks, usually towards the longer wave lengths (bathochromie
shift) or a deep change in the spectral form, Thers is a gqualitative
explanation for these two effects. Only a small displacement can be expec~
ted if the arcmatic group (i.e., phenyl group) cannot be conjugated with
the polymuclear system (i.e., benzanthracene), the reason for this heing
usuaily the ncn--planarity of the two components of the molecule. A
detailed analysis of similar axamples (9,10-diphenylanthracena (37),
2-methyldiphenyl (38) ) can be found in the recent literature under the

name of S (steric hindrance) effect, The second possibility, l.e.,a radical
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change in the appearance of the spectrum indicates an extensive conjugation
between the two components and hence their coplanarity.

In view of previous attempts to prepare molecular compounds of 9=
and 10-aryl-l,2-benzanthracenes and of the molscular models, it was not
surprising to find that the spectra of all the hydrocarbons pertaining to
this series were very closely similar to that of 1,2-benzanthracene,

A brief digression concerning this spectrum must be made., l,2-Benz-
anthracene,naphthanthracene or tetraphene was first prepared by Elbs (39),
and its melting point reported as 141° and 1390.}tuxy other syntheses vere
later devised,and the most often reported melting point was 158=159° (16
and references there),The sample prepared during this work melted at 157-
158Q after at least fifteen recrystallizations from different solvents,The
absorption spectrum was reported by Clar (40) with the following wave length
maxima (Chart V) and by Friedel and Orchin (41) whose tabulated data
(Chart V) are in good agreement with those obtained by the author (Chart V,

Column III):

Chart V

By Clar Friedel & Orchin * Indep, Sample
22,0 22345 222,0
227.0 28,0 228,0
25440 25645 256,0
267,0 267.5 268,0
280,0 : 2770 2770
290,0 288,0 287,0
300.0 300,0
316.0 315.0 314.0
329.0 326.5 3R7.0
34440 341.5 34240
35940 35840 352.0
373.0 376.0
385,0 382,5 386,0

* These data were obtained by extrapolation from
reference 4l,plate 499.



As an asdditional check, a purchased sample of 1,2«benzanthracene
was purified by chromatography and crystallization, and the melting point,
nixed melting point, and spectra were compared. Perfect agreement with the
sample prepared in this work was found.

Two very interesting observations were made in comparing the spectre
of the individual hydrocarbons,

1) The spectrum of lO=phonylel,2-benzanthracene is practically
identical with any of the spectra of those compounds where the phenyl
group is substituted by one, two or three methyl groups. The seme was found
in the 9-phenyl-l,2«benzanthracene series,

2) If the three spectra of 1,2-benzanthracene, S=-phenyl and 10=
phenyl«l 2=benzanthracene are compared, a distinct bathochromic shift
which is obviously due to the phenyl group is observed, this being more
pronounced in the lO0=-phonyl series. The displacement 1s stronger in the

«= than in the A= peaks,

The comparison of spectral patterns was of importance in several
‘cases mentioned earlier in this discussion, The spectra of the hydrocarbon
products of the aeid catalyzed cyclizations of the two isomeric 2,6~
dimethylketones and the 2,4,6=trimethylketons were found to be identical
not only with each other but also with the independently prepared sample
of 1,2«-benzanthracene, hence their identity was adequately substantiated,
The spectra of the products of the alumine cyclization of the same ketones,
on the other hand, were found to be practically identical with the spect-
ral patterns of the parent hydrocarbons (i.e., 9= and 10-phenyl-l,2-benz-
enthracene), which again strongly substantiated their identity.
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Of a special importance were the spectral examinations of the two
hydrocarbon products of the 2-(R2-naphthylmethyl)-2!,6'=dimethylbenzow
phenone, A decision had to be made as to which of the two colorless, cryse-
talline compounds was the expected 9-(2',6'=dimethylphenyl)=-1,2~benzanthra-
cene, In view of the spectral patterns of the previously investigate? hydro-
carbons, it was expected that the spectral pealzs of the 2',6'— compound
would appear at the same wave length as those of the unsubstituted
9=-phenyl=1,2«-benzanthracene, Accordingly, it wes fournd that the compound
melting at 123,5° had a spectrum which was practically identical with that
of the parent hydrocarbon; the other compound, melting at 190-200°,
exhibited an entirely different spectral pattern, but some simllar features
were still recognizeble,

A further case where spectral considerations were of importance
was the identity of the products from the acid catalyzed cyclization of
the 2~benzylphenyl=-l-naphthylketons. The crystalline hydrocarbon,
me pe 182-183°, showed a typical 10=phemyl~l,2~benzanthracens spectrum,

The second crystalline compound, m. P. 1600, had an entirely different
spectrum with one very prominemt peak at 247-253 mm . The spectrum of
anthracene is very similar, the most prominent peak being at 243-250 mj .,
Similar correspondence could be found with the less prominent pesks in
the longer UV region (300-380 mpm ).

Finally, a justification may perhaps be in order regarding the
use of absorbencies instead of molar extinction coefficients which are
preferred by some authors., The absorbency can be read directly from the

dial of the instrument, which eliminates a considerabls amount of work
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necessary for the extinction coefficlent camputation.Spectrophotometry
is at present becoming more and more mechanized, Automatic recording
spectrographs give only transmittancies or absorbencles, snd since the
mare comparing of the shape of the spectral curves is still one of the
most important analytical tools in absorpiicn spectroseopy, it seems to
be reagsomable to assume thet the sbsorbencies will be used more in the
future, These good points seem to sufficiently outweigh the inherent
advantage of the molar extinction coefficient concerning the molar term
vhich is included,
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EXPERIMENTAL



a,b
EXPERIMENTAL (a;b)
2-Nephthvlnethylehlorobenzenes (Friedel-Crafts reaction).

A mixture of 385 g, (3.0 moles) of naphthalens with 500 ml, of
redistilled dry nitrobenzene, was stirred well in a 1500 ml. three-necked
flask equipped with a dropping funnel, A magnetic stirrer can be used to
advantage, After the naphthalene had dissolved 6.0 g. (04045 mole) of
alumimm chloride was added, the system was attached to an aspirator and
the pressure reduced to about 30 rm. Then 240 7. (1.5 mole) of 2=chloro-
benzylechloride was added dropwise, After the vigorous evolution of hydrogen
chloride had subsided (about three hours), the aspirator was discomnected
and 100 ml, of 20% hydrochloric acid was added slowly to the black mixture.
The organic layer was then washed three times with water, dried over
calelum chloride, and distilled at about 30 mm. pressure. The naphthalene
and nitrobenzene distilled together between 100 - 170° and the residue
(about 300 g.) was fractionated at 2 rm, pressure., A mixture of the two
isomeric chlorocompounds was collected first, beps 186 - 192°,weight 230 g.
(61%). The second fraction, b.p. 270 - 280°, welght 40 g., formed a slighte
ly yellow, extremely viscous oil vwhich consisted probably of s mixture of
dialkylated naphthalenes.

2=C h mom carbino

A Grignard reagent was prepared from 12 ge. (0.48 mole) of magnesium,

(a) All melting points ars corrected
(b) A1l the analyses reported here were done by
he Micro-Tech Laboratories, Skokie,Illinois,
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100 g. (0,48 mole) of 2=bromonaphthalene and 250 ml. of dry ether, When
the reaction was complete, a solution of 65 g. (0.46 mole) of 2-chloro-
benzaldehyde in 250 ml, of dry ether was added dropwise with stirring, A
yellow precipitate appeared, The mixture was heated under reflux for one
hour and then allowed to sbtand overnight at room temperature, It was then
decomposed with 50 ml, of 20% ammonium chloride solution. The ethereal
solution was decanted from the hard residue and the solution was washed
tuice with water, dried over "Drierite', and finally concentrated, The
resldue was fractionated under reduced pressure and the fraction distilling
at 208-210° (1.5 mm.) was collected; yield 71 g. (57%). A portion of this
viscous oil was refractionated and a semple was collected after half of
the material had distilled; bepe 200=201° (1 mm, ).

Analysis : Calculated for CyH;50C1 @ C, 75.98; H, 4.28,

Found : C, 76.37; H, 4.58,

2= (2=Naphthyimethyl)chlorobenzene (Reduction of the carbinol).

A mixture of 120 g. (0.45 mole) of the 2-chlorophenyl=2-naphthyle
carbinol, 25 g. (0.0 mole) of red phosphorus, and 25 g, (0,20 mole)of
“iodine in 1000 ml, of 90/ acetic acid was heated under reflux for 25
hourse The hot solution was then filtered to remove the unrcacted
phosphorus, allowed to cool and mixed with 1000 g, of crushed ice, An
iced 10% sodium hydroxide solubion was then slowly added under stirring
until the mixture showed an alkaline reaction, The red oily layer which
appeared was extracted by ether, separated from the water layer and washed

with & 207 solutlon of sodium hydroxide to remove free iodine. The organic



layer was then again washed with water and dried over calcium chloride,
The ethersal solution had a tendency to form quite stable emulsions with
the washing agent, This was prevented or at least minimized by adding
about 5=10% of petroleum ether to the mixture, The dry organic layer was
then concentrated and fractionated under reduced pressure, The fraction

distilling between 178-182° at 1.3 mm., (1it. (5) b.p. 189-192°, 2 mm,)

was collected as a colorless oil; yield 80 g. (70%).

4. A Grignard reagent wams prepared from 4.7 ge (0,20 mole) of
nagnesium, 32 g. (0,20 mole) of 2-chlorobenzylchloride and a erystal of
iodine in 300 ml., of dry ether, VWhen the reaction was complete, 41 g.
(0420 mole) of 2~bromonaphthalene in 250 ml, of ether was added dropwise,
Ho reaction was observed, even after several hours of reflux., The mixturs
was then decomposed by saturated smmonium chloride solution, the ethereal
layer was separated, washed, concentrated and distilled, Unreacted

2=bromonaphthalene was recovered almost quantitatively.

B, 4 Grignerd reagent was prepared fram 3.0 g. (0.12 mole) of
magnesimm and 25 g, (0,12 mole) of 2-bramonaphthalene in 200 ml, of dry
ether, After all the metal had dissolved, 19 g. (0.12 mole) of 2-chloro-
benzylchloride in 150 ml, of dry ether was added dropwise., The originally
brown re;:ction mixture turned yellow after two hours of reflux, but no

magnesium salts precipitated, When the solution was allowed to stamd

overnight at room temperature, large yellow plates of 2,2'~dinaphthyl
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appeared in the flesk, Recrystallization from hot benzene gave colorless
plates, m.p. 180-181° * (1it. (43) m.p. 181°); yield 8,4 g. (55%). With
pieric acid orange needles were obtained, m.p. 182.5° (1it. (44) m.p.184°).

(2-Na fheny})benzonitrile

A, From Pure Chlorecompound

4 mixture of 80 g. (0.30 mole) of the redistilled chlorocompound,
35 ge (0440 mole) of cuprous cyanide, 0.10 g. of anhydrous cuéric sulfate,
and 20 ml, of dry pyridine in a 200 ml. round-bottom flask furnished
with a long alr condenser was heated for 22 hours in a metal bath maintaine
ed at 260-270°. The pyridine was allowed to escape slowly during the first
two hours. After the reaction was complete, the condenser was replaced by
a von Praun distilling head and the black materisl was crudely distilled
at about 30 mm, pressure. The distillate was dissolwved in ether and
filtered through glass wool. The solution was then concentrated and
distilled under reduced pressure., 4 slightly yellow oil distilling
between 200-205° at 1.5 mm. was collected and erystallized from ethanol.
It formed colorless prisms, m.p. £3=84° (1it. (5) mepe 84.5-85.5°);
yvield 46 g. (60%).

Bs From the Mixture of Two Isomeric Chlorocompounds

A mixture of 200 g, (0.80 mole) of the two isomeric chloro-
compounds, 100 g. (1.1 mole) of cuprous cyanide, 0.20 g. of anhydrous
cupric sulfate, and 60 ml, of dry pyridine, in a 500 ml. round-bottom

flagk furnished with a long air condenser, was heated for 17 hours in

# 411 melting points are corrected.
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& metal bath maintained at 260-270°, The nitrile was purified as described
in the preceding section, The yield was 180 g. (927) of the mixed
nitriles, Some 150 g. of this mixture was cautiously refractionated at

2 mme pressure using a 60 om., long Vigreaux column, Three equal fractions
vers collected, The first one was crystallized from 95% ethanol, seeded
vith pure & =isomer and 30 g. of colorless crystals, m.p. 57=59° were
collected (w=isomer), The second fraction was dissolved in a mixturs of
afher—petroleum ether (317), seeded with pure A8 -isomer, and 20 g, of
colorless crystals m.p. 82=84° were collected (B=isomer)., The third
fraction was treated in the same manner and 35 ge of the A «isonmer were
recovered, The mother liquors from the crystallizations were combined, the
solvent evaporated, 85 g, of a fresh mixture of nitriles was added and

the whole process was repeated, From a total of 300 g. of the mixture,

130 ge of each isomer were isolated. Before using it in further reactions,
the /4 -nitrile was recrystallized from hot 95% ethanol. Colorless crystals,

mepPe 83=84°, resulted,

= Bromom 1 be

Commercial l-amino=2,3-dimethylbenzene hydrochloride was treated
with sodium hydroxide and the free emine was extracted with ether, After
removins the ether, the dark oil was purified by distillation; b.p.113°
at 16 mm, A suspension of 53 g. (0.44 mole) of lwamino=2,3=-dinethylbenzene
in 260 ml., of 40% hydrobromic acid (1.8 mole) was diazotized with 38 g,
(0.55 mole) of sodium nitrite, added in two to five gram portions in a

1000 ml, flask. During the addition the temperature was kept below 5°, and
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the flask was shaken until the brown fumes were adsorbed. When the re-
action was completed, five grams of copper turnings were added along with
200 nml, of water and the mixture was allowed to warm up until the evolue-
tion of nitrogen ceased, The product was then steemedistilled, separated,
dissolved in ether, treated with sodium hydroxide solution, washed with
weter, and dried over calclum chloride., The solution was then concentrated
and dictilled under reduced pressure, A fraction distilling betwsen 104~
106° at 22 mm, (1lit. (42) b.p. 213.8° at 760 mm.) was collected; yield 27 g.
(30%).

~B =d

A mixture of 200 g, (1.9 mole) of 95% commercial o-xylene and
0,50 g. of iodine was treated with 250 g. (3.1 mole) of bromine, The
temperature was kept between 0-5°, After two hours the evolution of
hydrogen bromide ceased, and the‘liquid was washed with water, dried
over calcium chloride, and fractionated at atmospheric pressure. The
fraction distilling at 209-210°, 729 mn. (lit. (46) bep. 214.5°,760 mm, )
uas‘a colorless oil which was subsequently redistilled twice; yield 230 g.
(70%). |

B . othvlbe

A suspension of 210 g. (1.7 moles) of commercial l-emino=2,4=-
dimethylbenzens (which was purified by distillation) in 1,400 ml. of

cold concentrated hydrochloric acid was treated in a 5~liter three-



necked flask with 280 g, (1.7 moles) of bromine dissolved in 1000 ml, of
cold concentrated hydrochloriec acid., The bromine solution was added drop-
wise over a two hour period to the contents of the flask which was
equipped with s large separatory funnel and a mechanical stirrer. A
reddish-orange product that formed at the end of the addition period was
cautiously heated along with the other contents of the flask in a water
bath until a completely white product formed (30 min,). The flask was then
strongly cooled, the white crystalline campound filtered, and subsequently
dissolved in hot water, After addition of excess of ammonium hydroxide,
l=-bromo=2=amino-3,5~dimethylbenzene separated as an oil and was purified
by distillation; beps 117-130° (5 mm.), weight 230 g. (67%).

& suspension of 85 g. (0.43 mola) of the above compound in a cold
mixture of 280 ml, of ethanol and 69 ml, of concentrated sulfuric acid,
was treated with 51 g, (0,74 mole) of sodium nitrite in 90 ml. of water,
During the addition period (90 min.) vigorous stirring was maintained,
and the temperature was not allowed to exceed 10°, After the addition was
complete, the stirring was continued for 20 mimites, Nitrogen evolved
evenly upon adding 12 g, (0,18 mole) of reduced copper powder.that had
been washed with ether, and allowing the diagotized material to wam
slowly. The mixture was then heated on a water bath until the evolution
of nitrogen ceased, A liter of water was added to the resulting mixture,
and the material was steam—distilled, An ether solution of the crude
product was washed with sodium hydroxide solution, then with water, and
finally dried over calcium chloride, The solution wes then concentrated,

washed with concentrated sulfurie acid and distilled under reduced pressure.
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The fraction distilling tetween 75=76° at 5 mm, (1it, (45) b.p. 204°,
760 mm,) was collected; yield 48 g. (61%).

2=Mot, c

A Grignerd reagent was prepared from 100 g, (0.58 mole) of
2=bromotoluens and 15 g. (0,62 mole) of magnesium in 500 mi, of dry ether,
After the reaction was complete, the mixture was poured on 300 g, of
finely crushed dry lce and stirred vizorously. The frozen mixture wes
allowed to stand for 20 min, at room temperature and then 100 ml. of 25%
sulfuric acid was added while stirring. Th2 ethereal layer was then
separated, mixed with 100 ml, of benzene and extracted with sodium hydro-
xide solution twice., The combined water solutlons were warmed and purified
with charcoal, The acid was then precipitated by dilute sulfuric acid,
filtered, and dried., It formed small colorless needles, mep. 103-104°
(1it. (47) mep. 107=103°); vield 78 g. (93%).

2=Mathylbe chlorid

A mixture of 32 g, (0,23 mole) of 2-mothylbenzoic acid in 100 g.
(0448 mole) of phosphorus pentachloride was slowly heated in a 300 ml.
flask furnisched with an efficient condenser. A quite vigorous reaction
started immediately after the chloride began to melt., The hydrogen
chloride was permitted to escape and the mixture was gently refluxed for
an hour, The crystalline unreacted phospiorus pentachloride was separated

from the cold reaction mixture and the liquid was distilled under reduced



T4

pressure. The acid chloride was collected betwsen 115-120° (30 mm.) and
redistilled under atmospheric pressure; b.p. 210-212° at 743 mm. (1it.(48)

bepe R06-208°, 760 mm, ). The yield was 22 g. (627),

2=Methylbenzophenone,

To a solution of 19 g. (0,14 mole of aluminum chloride in 150 ml,
of benzens 22 gz, (0,1 mole) of 2=-methylbenzoylchloride were slowly
added., The solution first turned yellow, then brown, and the reaction
started slowly after gentle heating. The evolution of hydrogen chloride
lasted about one hour and the mixture was then heated under reflux for
20 minmutes, When a mixture of ice and 20 ml. of concentrated hydrochloric
acid was added to the cold solution, the brown color changed back to
vellow, The organic layer was separated, washed twice with sodium hydroxide
solution, three times with water and dried over caleium chloride, Distill-
ation under atmospheric pressure yielded 18.6 g, (66j) of colorless oil,
bape 294~295%, 712 mm. (1it.(49),beps 309.5°, 762 mm.).

2=Tolunitrile,

A suspension of 125 g. (1.3 mole) of commercial cuprous chloride
in 750 ml. of water was stirred and 165 g. (3.4 moles) of sodium cyanide
was slowly added, The solution became clear with the evolubtion of heat,
was cooled to 0° and mixed with 400 ml. of toluene in a 5 l. beaker, The
diagonium salt uas‘prepared in a 3 1. beaker from a suspension of 110 g.

(1.0 mole) of 2=toluidine in 250 ml, of concentrated hydrochloriec acid
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and 1000 g. of cracked ice. The mixture was vigorously stirred and a
solution of 75 g. (1.1 mole) of sodium nitrite in 200 ml., of water was
slowly added. The temperature was always kept under 5%, After all the
nitrite was added, the solution was tested hy starchelodine paper for
free nitrous acid and then neutralized to alkeline reaction (litmus)
with about 50 g, of powdered sodium carbonate. This alkaline diszonium
solution was then slowly added to the cyanide solution. During the
addition which occupised about thirty minutes, such vigorous stirring waes
maintained that the toluene on the surface was constantly drawn to the
stirrer and the temperature was kept below 5° by adding ice occasionally.
As soon as the diazonium solution came into contact with the euprous
cyanide, a dark yellow oily precipitate wams formed which st oine bepan
to glve off nitrogeng the resulting nitrile was tzken up by the toluense
as soon as it was formed. then all the diazonium solution had been added,
the temperature was held at 0 = 5° for thirty more mimutes and then was
allowed to rise to about 250 while the otirring was continued for two
additional hours, The beaker was then warmed in hot uater to about 50°
without stirring, removed from the bath and alloved to stand until cool,
The upper olly layer was transferred into a 3000 ml, rounde-bottom flask
and distilled by steam until no more oil passed over, The toluene layer
was then separated, washed with water, dried over caleium chloride and
fractionated at 20 mm, pressure., The nitrile distilled betwesn 93-95°
and was redistilled under atmospheric pressure, A colorless fraction,
bepe 200° at 722 mm. (Lit. (50), 94~96°%, 20 mm.) was collected;

yield 76 g. (65%).
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A Grignard reagent was prepared from 62 g. (0.30 mole) of
l~-naphthylbromide and 7.3 g. (0.31 mole) of magnesium in 200 ml, of dry
ether, After all the metal dissolved, the ether was replaced with a
solution of 23 g. (0.20 mole) of the nitrile in 200 ml, of toluene., The
mixture was then heated under reflux for 12 hours, cooled, decomposed
by addition of 100 ml, of 0% hydrochloric scid, and boiled for six
hours, The magnesium salts and the ketimine hydrochloride decomposed and
the two clear layers vere separated, The toluens layer was washed with

water, dried over caleium chloride and fractionated under reduced
pressure. The colorless ketone distilled at 183~184° (1 mm,) (1it.(51)
174° at 0.40 mm.); yield 45 g. (90%).

A Grignard reagent wes prepared from 1.8 g. (0.080 mole) of
nagnesimm and 12 g. (0,080 mole) of bromobenzens in 100 ml. of dry ether,
The solution was then placed in a 1000 ml., three-~necked flask equipped
with a mechanical stirrer, separatory funnel and a condenser with a
thermometer, and 12 g, (0.050 mole) of 2-{l~-naphthylmethyl)bensenitrile
dissolved in 150 ml. of dry toluene was added dropwise. During the addite
ion the flask was heated gently, and the ether was slowly distilled away.
When the temperature of the vapors reached 105°, and all the nitrile vas
added, the solution was heated under reflux for 18 hours with stirring,
and decomposed with 25 ml. of a 207 ammonium chloride solution, The
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strongly fluorescent solution was then separated and the residue in the
flask washed twice with a nixture of bonzene and petroleum ether (1:1).
The combined extracts were washed wit: water and cooled to about 5°.

The crude ketimine hydrochloride was precipitated by addition of 15 ml,
of concentrated hydrochloric acid, separated and washed with petroleunm
other; yield 12 z. (697). The analytical sample was obtained by decompos-
ing a part of the above described ketimine salt with 107 sodium hydroxide
solution and taking up the free imine with benzene. The pure ketimine
hydrochloride was then precipitated by gaseous hydrogen chloride and
recrystallized from a mixture of chloroform and ether (1:5)., It formed
colorless prisms, m.p. 181°(dec.).

Analysis ¢ Calculated for CZAHZONCI : My, 3.92,

Foumi H H, 3. 86.

A Grignard reazent was prepared from 1.8 g. (0,020 mole) of
masnesium and 13 g, (0,020 mole) of 2-bromotoluene in 150 ml, of dry
ather. Aftcr the reaction was completed, the ether was replaced with a
solution of 12 g. (0.050 mole) of 2«(l-naphthylmethyl)bonzonitrile in
150 ml, of {dry toluene. The mixture was heated under reflux overnight
and decomposad with 25 ml. of a 205 solutlon of armonium chloride. The
orgenic layer was decanted, the residue washed with benzene and the
combined solutlons mixed with enough concentrated hydrochloric aeid to

precipitate the ketimine salt, The yellow crystals werse filtered, washed
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with ether, then acetone, and dried in waouoc at room temperature; yleld
17 g. (93%). The analytical sample was prepared from the crude hydro-
chloride by recrystallization from an aleohole-acstons (116) mixture. The

resulting slightly yellow plates melted and decompomed at 177°,
Analysis: Calculated for CpgH,,C1 1 X, 3.76,
Found : N, 3.91,

A Grignand reagent was prepared from 1.8 g. (0,080 mole) of
magnesium and 13 g, (0.080 mole) of 3=bromotolusne in 150 ml. of dry
ether, After the reaction was completed, the ether was replaced with a
solution of 12 g, (0,050 mole) of 2«{lmnaphthylmethyl)bensonitrile in
150 ml, of dry toluene, The mixture wes then heated under reflux for
five hours and decomposed with 25 ml, of & 207 solution of ammonium
chloride, The organic layer was decanted, the residue washed with
petroleum ether, then with acetons, the ketimine salt precipitated with
concentrated hydrochloric acid, and the crystals were filtered. The
resulting yellow powder was wmshed with petroleium ether and acetons and
dried in vacuoy yleld 16 g. (86%)., The analytical sample was prepared by
recrystallising the orude hydrochloride from an alcoholwacetone (136)
mixture, Lemon ysllow prisms were obtalned, whioh melted and decomposed
at 1859,

Analyeis ¢t Caloulated for QzSHaNCl t C, 80.73; H, 5,98,

Found t C, 80,203 H, 6,03,
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A Grignard reagent was prepared from 1,8 g, (0,080 mole) of
magnesium and 13 g. (G.O%O_pmole) of 4~bromotoluene in 150 ml. of dry ether,
After the reaction was completed, the ether was replaced with a solution
of 12 go (0.050 mole) of 2~(l~naphthylmethyl)bensonitrile in 150 ml, of
dry toluense, The mixture was then heated under reflux for five hours and
decomposed with 25 ml, of a 20% solution of ammonium chloride, The organic
layer was decanted, the residus washed with petroleum ether and bensens,
and the ketimins salt was precipitated from the cembined solutions with
concentrated hydrochlorio acid, The orange powder was filtered, washed
with benzene and dried in vecue; yield 13.5 g. (73%). The analytical
sample was prepared by crystallizing the crude hydrochloride from an
alcohol-ether mixture (1:5). Orenge plates were obtained which melted and
decomposed at 184°, o

Analysis t¢ Caloulated for CygpoNCl : N, 3,76,

Found t N, 3.75,

A Grignard reagent was prepared from 7.4 g. (0.30 mole) of
magnesium and 63 g. (030 mole) of l=bromonaphthalene in 400 ml. of dry
~ ether, Some of the metal remained undissolved but disappeared during the
subsequent replacement of the ether with 400 ml, of toluene, To the dark
brown solution 49 g. (0.20 mole) of 2~{lwnaphthylmethyl)benzonitrile in
100 ml, of toluene was added dropwise, and the mixture was heated under



reflux overnight. The black solution was decomposed with 50 ml.of a 20%
ammonium chloride solution, Because some of the ketimine salt precipitated
together with the magnesium compounds, 100 ml, of a 25% sulfuric acid
solution was added and the mixture heated under reflux for five hours,After
all the magnesium precipitate had dissolved, the suspended ketimine salt
was filtered, washed with water, then with ether, and mixed with 100 ml.
of a 20% sodiua hydroxide solution, The suspension was heated under reflux
for three hours and 50 ml, of toluene was added. The heating was then
contimied until both layers became clear (two hours). The toluene layer
was separated, washed with water, and mixed with ether saturated with
hydrochloriec acid, The ketimine hydrochloride precipitatud as a lemon
colored powder; yield 57 g. (70%).

The analytical sample was prepared by recrystallizing the crude
hydrochloride from an alcoholesther mixture (1:2). It formed lemon colored
microscopic crystals, m. p. 186° (dec.).

Analaysis 3 Calculated for C,gH,,NC1 : C, 82,443 H, 5.44.

Found ¢+ C,82.k2 ; H 546,

A Grignard reagent was prepared from 7.4 g. (0.30 mole) of magne-
sium and 63 g. (0.30 mole) of 2=-bromonaphthalene in 400 ml. of dry ether,
and the mixture was heated under reflux for three hours, Almost all of the
metal dissolved and a solution of 49 g. (0420 mole) of 2-(l-naphthylmethyl)-
benzonitrile in 400 ml. of dry toluene wes added dropwise. The ether was
then distilled and the mixture heated under reflux overnight, The hot

nixture was decomposed with 50 ml, of a 20% ammonium chloride solution,
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The toluene layer was decanted and the ketimlne salt precipitated with
concentrated hydrochloric acid. It formed yellow micro-crystals ,m.p.196°
(dec.); yield 70 g. (87%). To prepare the analytical sample the ketimine
hydrochloride was heated under reflux for two hours with 100 ml. of a 10%
sodium hydroxide solution and 100 ml. of benzene. The benzene layer was
separated, washed with water and mixed with ether, saturated with hydro-
chloric acid, The ketimine hydrochloride precipitated as a lemon colored
powder, m. p. 206° (dec.).

Analysis : Caloulated for Cogh,,NC1 & C, 82,445 H, 5.44.

Found : G, ;s H, .

A Grignard reagent was preparsd from 1.8 g. (0,080 mole) of
magnesium, 12 g. (0.080 mole) of bromobenzens and a small crystal of
iodine in 100 ml., of dry ether, After all the metal dissolved, the ether
was replaced with a solution of 12 g. (0,050 mole) of 2-(2~naphthylmethyl)-
benzonitrile in 150 ml, of dry toluene, The milky yellow solution was
heated under reflux overnight and decomposed with 25 ml, of a 20% solution
of ammonium chloride. The green fluorescent organic layer wes decanted,
the residue washed with benzene, and the combined solutions cooled to
about 5°, The crude ketimine was precipitated by addition of 10 ml. of
concentrated hydrochloric acid, as a deeply orange viscous oil, The oil
was separated and heated briefly with concentrated srmonium hydroxide.

The free imine was then extracted with ether-petroleum ether (1:l) and

passed through a short (20 cm,. )chromatography column packed with alumina,



A slightly yellowlshegreen oll resulted after the evaporation of the
solvent; yield 13 g. (80%).

A small smount of the free ketimine was dissolved in ether and
50 ml, of ether saturated with hydrogen chloride was added. The ketimine
hydrochloride crystallized after scratching the flask with a glass rod
as a colorless powder, m.p. 180° (dec.).

Analysis ¢ Calculated for C, H,oNC1 ¢ C, 80.54; H, 5465,

Found s C, 80.,28; H, 5.82,

A Grignard reagent was prepared from 1.8 g. (0,080 mole) of
magnesium, a orystal of iodine and 13 g. (0.080 mole) of 2=bromotoluens
in 150 ml, of dry ether., The ether was then replaced with a solution of
12 g (0,050 mols) of 2=(2~nephthylmethyl )benzonitrile in 150 ml, of
dry toluene, and the mixture was heated under reflux for six hours,

The red liquid was decomposed with a 20% ammonium chloride solution,and
the ketimine h&drochloride was precipitated with hydrogen chloride from
the organic layer. The dark yellow crystals were filtered, washed with
benzene, and dried; yleld 17 g. (92%),

The anslytical sample was prepared by recrystallizing the orude
salt three times from alcoholeacetone (135). It formed slightly brown
large prisms, m.p. 184°{dec.).

Analysis : Calculated for Cps5HyoNCl : C, 80.73; H, 5.98.

Found | 1 C, 80,78; H, 5,92,
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-( 2-Naph =3 lemethyvl,diphe etimine rochloride

A Grignard resgent was prepared from 1.8 g. (0,080 mole) of
magnesium, a crystal of iodine and 13 g. (0.080 mole) of 3-hromotoluene
in 150 ml. of dry ether, The ether was then replaced with 12 g. (0.050 mole)
of 2=-(2-naphthylmethyl)benzonitrile in 120 ml. of dry toluene. The milky
solution was decomposed with ammonium chloride and the ketimine hydro=-
chloride was precipitated after addition of concentrated hydrochloric acid
and scratching the walls of the flask with a glass rod for 20 minutesy
yield 13 g. (70%). The analytical sample was prepared by recrystallization
of the crude salt three times from aleohol-acetone (135). It formed
slightly yellow needles, m.p. 174°(dec.).

Analysis 3 Calculated for CpgH, NC1 t C, 80,733 H, 5.98.

Found ¢ C, 80.65; H, 6.10.

A Grignard reagent wes prepared from 1.3 g. (0.080 mole) of
magnesium, a crystal of iodine and 13 g. (0.080 mole) of 4-bromotoluene
in 150 ml. of dry ether, The ether was then replaced with 12 g. (0.050
mole) of 2«(2-naphthylmethyl)benzonitrile in 150 ml, of dry toluene. The
milky solution was decomposed with smmonium chloride and the ketimine
hydrochloride precipitated with hydrochloric acid as a dark red oil.
Crystals were obtained by washing the oil with cold water; yield 10 g.
(55%) .

The analytical sample was prepared by recrystallizing the crude
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selt, three times, from alcoholeacetone (1:5). It formed slightly orange
needlea, m.p. 193° (dec. ).

Ans)ysis 1 Calculated for C,.H_ NC1l :+ C, 80.73; H, 5.98.

25722
Found : C, 80.,37; H, 6.03.

A Grignard reagent was prepared from 63 g. (0.27 mole) of

2,6~dimethyliodobenzene and 6.6 g. (0.27 mole) of magnesium in 300 ml. of
dry ether, After all the metal dissolved, the ether was replaced with
36.5 go (015 mole) of 2«(2-naphthylmethyl)benzonitrile in 300 ml, of
dry toluene and the solution was heated under reflux overnight., The brown
solution was then decomposed with 30 ml., of a 20% ammonium chloride
solution., The yellow precipitate was separated and boiled for two hours
with 207 hydrochloric acid. The undissolved yellow ketimine hydroiodide
was separated and recrystallized from dioxmne petroleum ether (1:5);
m.pe 220° (dec.), An additional amount of the ketimine salt was obtained
from the toluene solution by precipitation with concentrated hydrochloric
acide The combined ketimine salts were decomposed by being heated under
reflux with a 20% sodium hydroxide solution, and the free imine was
extracted with benzene. The ketimine hydrochloride was precipitated from
the benzene layer with concentrated hydrochloric acid; yield 49 g. (85%).
The analyticel sample was prepared from the crude hydrochloride
by erystallization from alcohol-acetone (1:110). It formed small lemon

colored prisms, m.p. 192° (dec.).
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Analysis : Calculated for CZSHZANGI 1 C, 80.,91; H, 6.26,
Found : C, 80.81; H, 6.24.

A Grignard reagent was prepared from 7.3 g. (0.30 mole) of
magnesium, a crystal of iodine and 62 g. (0.30 mole) of lebromonaphthalene
in 200 ml, of dry ether and 100 ml, of toluens, After all the metal had
dissolved, the ether was replaced with 39 g. (0,20 mole) of 2«benzyl-
benzonitrile in 250 ml. of dry toluene and the mixture was heated under
reflux overnight, The resulting deep red solution was decomposed with
ammonivm chloride s the organic layer was decanted and the residue washed
twice with benzene. The ketimine hydrochloride was precipitated from the
combined solutions with concentrated hydrochloric acid, The resulting
yellow powder was filtered, washed with ether and dried; yield 70 g.(98%).

The analytical sample was prepared from the crude salt by
erystallization from chloroformeether (1:4). It formed large yellow prisms
m.p. 169°(dec. ).

Analysis : Calculated for G, 4IrIQDN(.‘vl t N, 3.92.

Found t N, 4.35.

A Grignard resgent was prepared from 3,7 ge (0.15 mole) of
magnesium, a crystal of iodine and 32 g. (0.15 mole) of 2=bromonaphthalene

in 200 ml, of dry ether. The ether was replaced with 20 g, (0,10 mole) of



2=benzylbenzonitrile in 200 ml. of dry toluene, and the solution was
heated under reflux overnight, The dark brown mixture was then decomposed
with ammonium chloride solution and the toluene layer was decanted. The
residue was washed twice with benzene and the combined solutions mixed
with 10 ml, of concentrated hydrochloric acid, The orange ketimine hydro
chloride precipitated and was filtered, washed and dried; yield 30 g.(80%).

The analytlcal sample was prepared by decomposing the crude
hydrochloride with sodium hydroxide solution, extracting the free imine
with benzene, precipitating the hydrochloride from the benzene layer with
ether saturated with hydrogen chloride and recrystellizing it from
alcohol-ether (1:5), It formed a yellow microcrystalline powder which
melted and decomposed at 197°.

Analysis : Calculated for 624H20N01 : C, 80.543 H, 5.65,

Found s C, 80,073 H, 5.38,

A Grignard reagent was prepared from 3,7 g. (0.16 mole) of

magnesium, a crystal of iodine and 30 g. (0.16 mole) of bromomesitylene

in 200 ml, of dry ether, The slow reaction was initiated by & small

amount of ethyl magnesium iodide, After eight hours all the metal
dissolved, the ether was replaced with 12 g. (0,050 mole) of 2=({l=-naphthyl~
nethyl)benzonitrile in 200 ml, of dry toluene, The milky yellow solution
changed to red-brown and was heated under reflux overnight, After adding
30 ml, of a 20% ammonium chloride solution, the mixture was boiled until

it cleared, thc deep red, fluorescent ligquid was decantad, and the residue
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wa.shed with benzene. The combined solutions were mixed with 20 ml, of
concentrated hydrochloric acid, and the ketimine salt crystallized after
scratching the flask with a glass rod, The crystals were filtered, washed
with toluene, then with scetone, and dried; yicld 18 g. (88%).

The analytical sample was prepared by decomposing the cruds
ketimine hydrochloride with sodium hydroxide solution, extracting the free
ketimine with benzene, and precipitating the hydrochloride with concentra-
ted hydrochloric acid. Crystallization from ethanol-acetone (1:10) and
chloroform-sther (115) gave small, colorless erystals, m.p.195° (dec.).

Analysis t Calculated for CoqH,(NC1 & N, 3,50,

Found : N, 3.33.

A suspension of 2,0 g. of the corresponding ketimine hydrochloride
in 25 ml, of water and 10 ml, of sulfuric acid was sealed in a Carius tube
and heated in a Carius furnace for six hours. The temperature was kept at
180-185°, The tube was then cooled to about 5°, opened, and the dark
brown glassy solid wes separated from the acid, dissolved in benzene,
washad with water and dried over calcium chloride. The dry solution wes
then passed through a short column packed with Fisher's Alumina, the
percolate concentrated, and the resulting brown oil was crystallized from
a mixture of dioxane and ethanol (1:13). Large colorless prisms were
obtained, m.p. 123.5-124.0°; yield 1.4 g. (77%).

Analysis : Calculated for CpgHyn0 3 C, 89,10; H, 6,33,

Found : C, 89,473 H, 6,39,
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A suspension of 2,0 g, of the corresponding ketimlne hydrochloride
in 25 ml, of water and 10 ml, of sulfuric acid was sealed in a Carius tube
and heated in a Carius furnace for six hours., The temperature was kept at
180°, The brown glassy meterisl was sonarated, dissolved in a benzene-
petroleum ether(8:2) mixture, and passed through a short column packed
vith Figher's Alumina. The slightly yellow oll was crystallized from ligroin
(60=90°), dioxane-ethanol (1:1), and finally from acetons, Colorless
erystals, m. p. 159.5°, vere obtained; yield 1.4 g. (77%).

Analysis ¢ Caloulated for 027Hé40 : C, 88,973 H, 6.64,

Found t C, 88,643 H, 6,82,

A mixture of 5,0 g. of the corresponding ketimine base, 50 ml,
of 25% sulfuric acid, and 20 ml, of xylene was heated under reflux for
four hours, The organic layer was separated, washed with water, drled
over calcium chloride and distilled under reduced pressure after removing
the solvent, A yellow, green fluorescent oil was collected at 236-238°
{143 mm. )3 yield 4.9 g. (98%), To remove the traces of coloring materials,
the oil was dissolved in benzene-petroleum ether (13:l) and passed through
a short column packed with Fisher's Alumina, A colorless, viscous oil
resulted after evaporation of the solvent,

Analysis : Calculated for Cp,H,,0 & O, 89.41; H, 5063

Found t C, 89,143 H, 5.68.



2= (2-Naph et w2 !=methylbe heno

A mixture of 15 g. of the corresponding ketimine hydrochloride,
50 ml, of 25% sulfuric acid and 20 ml, of toluene was heated under reflux
for 17 hours, The toluene layer was separated, washed thrice with water
end concentrated. The resulting brown viscous oil was dissolved in hot
ethanol, purified with charcoal and cooled very slowly, Two crops of
yellow crystals, m,p. 96~98°, were collected; yield 12 g. (88%). Four
recrystallizations from acetone~ethanol (135) gave colorless plates,
MePs 97.5°

Analysis : Calculated for CpsHyn0 & C, 89.,25; i1, 5,99

Found t C, 89.,24; H, 6,16,

A mixture of 10 g, of the corresponding ketimine hydrochloride,
40 ml, of 25% sulfuric acid, and 30 ml., of toluene was heated under reflux
for two hours., The mixture was worked up as in the case of the 2-isomer,
The resulting oil was distilled in vacuo and the ketone was collected
as a yellow, grean fluorescent, viscous oil at 236-238° (1.5 mm,);
yield 8.4 g. (90%).

Analysis ¢ Calculated for 0253200 t C, 89.,25; H, 5.99.

Found : C, 89,18; H, 6.15.



2={2=Napht, + -/ =mathylbenzophenon

A mixture of 6.4 g. of the corresponding ketimine hydrochloride,
50 ml, of 25% sulfuric acid and 30 ml. of toluene was heated under reflux
for one hour, The mixture was worked up as in the case of the 2-isomer,
The resulting oll was distilled in vacuo, and the ketone was colleclted as
a yellow, green fluorescent, viscous oil at 237=-240° (1.5 mm.); yleld 5.0 g.
(867).

Analysis : Calculated for 025H200 t C, 89,255 H, 5.99.

Found :+ C, 89,18; H, 6,15,

- ZﬂNa et o 1 Ve Bt he Q

A Grignard reagent was prepared from 3.6 g. (0,15 mole) of
magnesium, 27 g. (0.15 mole) of 2,3-dimethylbromobenzens and 250 ml, of
dry ether, The ether was replaced with 24 g. (0,10 mole) of 2=(2-naphthyl-
methyl)benzonitrile in 250 ml., of toluene, and the mixture was heated
under reflux overnight., The solution was decomposed with ammonium chloride
and the ketimine hydrochloride precipitated from the toluene layer with
hydrochloric acid., The crystals were separated, mixed with 150 ml. of
30% sulfuric acid and 100 ml, of toluene, and the mixture was heated
under reflux for four hours. The toluene layer was separated, the solvent
removed and the resulting oil was distilled in ﬁacuo. A fraction distilling
betweon 261-264° (1.7 mm.) was collected and again distilled under
reduced pressure, The ketone was recovered as a yellow oil, b.p.240-243°
(1.0 mm, }; yield 27 g. (77%).
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Analysis & Calculated for CyeH,,0 1 C, 9.10; H, 6.33.
Found : C, 88,92; H, 6,31,

2m{ 2=Naphthylmethyl )=2 ! JAt=dimethylbenzo one

A Grignard reagent was prepared from 3.6 g. (0.15 mole) of
magnesium, 34 ge (0.15 mole) of 2,4-dimethyliodobenzene and 300 ml, of
dry ether, The ether was replaced with 24 g. (0,10 mole) of 2-(2-naphthyl-
methyl)benzonitrile in 300 ml, of toluene, and the mixture was heated
under reflux overnight. The solution was decomposed with ammonium chloride,
but some of the ketimine hydroiodide preciplitated together with the
magnesium salts, Therefore, 100 ml. of 30% sulfuric acid was added, and
the mixture was heated under reflux for 12 hours, The toluene layer was
then separated, washed, drled and distilled in vacuo. 4 slightly yellow
viscous oil was collected at 230-233° (1 mm.); yield 19 g. (53%). The
analytical sample was obtained by redistilling the ketone, b.p. 235°(1.0 mm.).

Analysis : Calculated for CycH,,0 1 C, 89,10; H, 6,33,

Found : C, 89,295 H, 6,11,

2w (2=Napht) athyl 1 . 5V-dimethylbenzophenone

A Grignard reagent was prepared from 5.6 g. (0.24 mole) of
magnesium, 43 ge (0s23 mole) of 2,5-dimethylbromobenzene and 250 ml, of
dry ether, The ether was replaced with 37 g. (0.15 mole) of 2-(2-naphthyl-
methyl)benzonitrile in 250 ml. of toluene, and the mixture was heated

under reflux for five hours. The solution was decomposed with ammonium



chloride, and the ketimine hydrochloride precipitated from the toluene
layer with hydrochloric acid, The crystals were separated, mixed with
200 ml, of 307 sulfuric acid, and 100 ml, of toluene, and the mixture was
heated under reflux for seven hours. The toluene layer was separated, the
solvent removed, and the resulting oil distilled in vacuo. A fraction
distilling at 242° (1.2 »mm,) was collected and again distilled under
reduced pressure. The ketone was recovered as a yellow viscous oil, b.p.
236-238° (1.0 mn.); yield 4 g. (84%).

Analysis s Calculated for Cp¢lys0 @ C, 89,105 H, 6.33.

Found 1 C, 89,053 H, 6454

2=(2~Naph -2 ! 6! wdimethylbenzopheno

A suspension of 10 3, of the corresponding ketimine hydrochloride
in 50 ml, of 40% sulfuric acid was sealed in a Carlus tube and heated in
a Carius furnace at 180° for eight hours. The brown solid was separated,
washed and recrystellized from acetic acid as brown prisms, mep. 84=87°;
yield 6.6 g. (73%). Several recrystallizations from ethanol gave color=
less prisms, m.p. 86.5+87,0°,

Analysis @ Calculated for ChgHyn0's C, 89,105 H, 6.33.

Found : C, 89.33; H, 6.38,

A Grignard reagent was prepared from 3.6 g. (0.15 mole) of
magnesium, 27 g. (0.15 mole) of 3,4=-dimethylbromobenzene and 300 ml. of
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ether, The ether was replaced with 24 g. (0,10 mole) of R-{2-naphthyl~
methyl)benzonitrile in 300 ml. of toluene, and the mixture was heated
under reflux overmight., The solution was .‘ecomposed with ammonium chloride
and the ketimine hydrochloride precipitated from the toluene layer with
hydrochloric acid as a red oil, The oil was separated, mixed with 75 ml,
of 30% sulfuric acid and 100 ml., of toluene, and heated under reflux for
five hours. The toluene layer was separated, the solvent removed, and
the resulting oil distilled in vacuo. A fraction distilling at 235-238°
(1.0 mm,) was collected, and again distilled under reduced pressure., The
ketone was recovered as a yellow, green fluorescent oil, b.p. 2380(1.0 mm, )3
vield 28 g, (207).

Analysis : Caloulated for CyeH,,0 : C, 89.10; H, 6433,

Found s C, 89,013 H, 6.41.

2w {2-Napht, -7 5 ethylbenzo one .

A Grignard reagent was prepared from 2.4 g. (0.10 mole) of
magnesium, 18,5 ge (0.10 mole) of 3,5-dimethylbromobenzene and 200 ml, of
ether, The ether was replaced with 16 g. (0.70 mole) of 2~(2-naphthyl-
methyl)benzonitrile in 200 ml., of toluene, and the mixture was heated
under reflux overnight., The solution waé lecomposed with ammonium chloride,
and the ketimine hydrochloride precipitated from the toluene layer with
hydrochloric acid as = red—bipwn oil, The oill was separated, mixed with
100 ml, of 25% sulfuric acid and 100 ml, of toluene, and heated under
reflux for seven hours, The toluene layer was separated, the solvent

removed, and the resulting brown mass crystallized from ethanol as
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colorless prisms, m.p. 124.5=125,0%; yield 19 g. (82%).
Analysis ¢ Calculated for 026H220 ¢+ C, 89,10; H, 6.33,

Found t C, 88.74; H, 6.20,

2«Be anyl~lenapht tone

A mixture of 10 g, of the corresponding ketimine hydrochloride,
80 ml. of 25% sulfuric acid, and 50 ml. of toluene was heated under
reflux for five hours, The toluene layer was separated and distilled in
vacuo, A yellow, viscous oil was collected at 215-217° (0,8 mm,); yield
10 g. (76%).
Analysis: Calculated for Cy,H 40 3 C, 89.41; H, 563,
Found s C, 89.35; Hy 5.45.

2=Bonzylphenyl~2-naphthylketons,

A mixture of 10 g. of the corresponding ketimine hydrochloride
and 50 ml, of 40% sulfuric acid was sealed in a Carius tube and heated in
a Carius furnace for five hours at 1800. The brown oil was separated
and distilled in vecuo. & fraction distilling at 233-234° (1.5 mm.) was
collected and crystallized from ethanol as colorless erystals,m.p. 83%
yield 7.7 g. (85%).

Anslysis 3 Calculated for Gy Hia0 ¢ G, 89.41; H, 5.63.

Found t C, 89.30; H, 5.66,.
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2-{1~Napgggxgm§tgx;lghegxl—lpnaggtgxlketons,

A mixture of 10 g. of the corresponding ketimine hydrochloride
and 50 ml, of 40% sulfuric acid was secaled in a Carius tube and heated
in a Carius furnace for five hours =t 140°, The brown oil was separated
and distilled in vacuo, A fraction distilling at 285-287° (1.5 mm.) was
collected, dissolved ln benzene and passed through a column packed with
Fisher's Alumina, The ketone was recovered after evaporation of the
solvent as a slightly brown, viscous oil; yield 7.1 g. (78%).

Analysis : Calculated for stﬂédo t C, 90,30; H, 5.41,

Found : C, 90,15; H, 5.43.
2=(]=-Naphthylmethyl)phenyl-2-naphthylketone,

A mixture of 25 g. of the corresponding ketimine hydrochloride
and 70 ml, of 407 sulfuric acid was sealed in a Carius tube and heated in
a Carius furnace at 180° for six hours. The brown solid which separated
on top of the mixture was separated, dissolved in benzene and the benzene
solution washed with water and dried. The solvent was evaporated and the
brown solid fractionated under reduced pressure. A fraction boiling
vetween 277-279° (1.0 mm.) was collected; yield 21 g. (97%). Crystallize=
tion from ethanol gave colorless prisms, m.p. 99-100°.

Analysis ¢ Calculated for 0283200 ¢ C, 90.30; H, 5.41.

Found :+ C, 8.98; i, 5.7,



Phonyle ene,

A, 4 Carius tube was flushed with nitrogen and 2.0 g. of the
corresponding ketimine hydrochloride was carefully placed on the bottom,
The tube was sealed and heated in a Carius furnace at 300° for nine hours.
The brown solid was extracted with benzene and the insoluble residue
(ammonium chloride) was dissolved in water and tested for NH4+ and C1 .
The benzene extract was chromatographed on alumina with petroleum ether,
the percolate concentreted, and the resulting reddish erystals resublimed
twice in vacuo. White micro~crystals of the hydrocarbon resulted, m.p.
182,5-183,0° (1it.(13) m.p. 183-184°); yield 0.60 g. (35%).

B. The same experiment wes repeated with the corresponding ketone,

No reaction was observed snd the ketone was recovered,

C. A mixture of 1.5 g. of the corresponding ketone and 25 g. of
Fisher's Alumina was heated in vacuo (1.0 mm.) to 240-250° for one hour,

The yellow powder was transferred into a chromatography column and the two
hydrocarbon fractions were eluted with benzene-petroleum ether mixture (1315).
The first was a very small quantity of 9-(l-naphthyl)anthracene (about

0.01 g.), and the second was lO=-phenyl-l,2-benzanthracene; yield 1.4 ge
(99%). A small amount of a yellow substance which was firmly adsorbed by

the alumina was not eluted. The 10~phenyl-l,2-benzanthracene forms a
molecular compound with 2,4,7-trinitrofluorenone which can be recrystallized
from hot ethanol. It was isolated as desp red micro-crystals, m.p. 193=-

194°,



‘Mot © -1, 2=benzanthracene

A. A mixture of 1.0 g. of the corresponding ketone, 45 ml. of 99.5%
acetic acid and 150 ml. of 48% hydrobromic acid was heated under reflux
for 21 hours. The black oil which separated on top of the solution was
separated, purified with charcoal, and dissolved in ethanol. After seeding
it with a tiny erystal of the hydrocarbon (see B.,), 0.02 g. of the hydro-
carbon was obtained; m.p. 130-132°,

B. A mixture of 1.0 g. of the corresponding ketone, 30 ml. of acetic
acld and 15 ml. of 48% hydrobromic acid was sealed in a Carius tube and
heated in a Carius furnace for 18 hours at 170°. The brown oil was
separated and crystallized from ethanol. The hydrocarbon formed cclorless
plates, m.p. 131.5~132,0%; yield 0.70 g. (74%).

Ce. A mixture of 1.5 g. of the ketone and 25 g. of Fisher's Alumina

was heated to 240-250° for ome hour. The pressure was maintained at 1,0 mm.

The hydrocarbon was eluted from the mixture on a column with benzene-

petroleum ether mixture (1:2), m.p. 131.5-132.59; yield 1.2 g. (382%).
Analysis : Calculated for CpsH g 1t C, 9443035 H, 5.70.

Found H C, 94057} H’ 5.60.
'wMet he - thracene
A, A mixture of 3.0 g. of the corresponding ketimine hydrochloride,

15 ml. of 48% hydrobromic acid and 30 ml. of acetic acid was sealed in a

Carius tube and heated in a Carius furnace for two hours at 180°.
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The brown oil was separated and chromatographed, using Fisher's Alumina
as adsorbent and ether-petroleum ether (2:18) as solvent., White, silky

micro-crystals, m.p. 109-~110°, were obtained; yield 2.3 g. (88%).

B. A mixture of 1.5 g. of the corresponding ketone and 25 g. of
Fisher's Alumina was heated under reduced pressure (1.0 mm,) to 240-250°
for one hour, The hydrocarbon was eluted on a column with benzene-petroleum
ether mixture (135); yield 1.3 g. (92%).
Analysis ¢ Calculated for 025H18 s C, 94.30; H, 5.70.
Found s G, 94.49; H, 5.73.

4 mixture of 1.5 g. of the corresponding ketone and 25 g. of
Fisher's Alumina was heated in vacuo (1.0 mm,) for ome hour at 240-250°,
The yellow powder was transferred into a chromatography column and the
h: drocarbon was eluted from the mixture with benzene-petroleum ether (1:5);

MeDe 121"'1220 (11t. (6),m.p- 121"1220)3 yi‘ld 1.35 Be (96%)0

A Carius tube was flushed with nitrogen and about 2,0 g. of the
slightly moist correaponding ketimine hydrochloride was placed insidej
the tube was sealed and heated in a Carius furnace at 300° for nine hours,
The ammonium chloride crystals which appeared in the tube were extracted

with water and tested for NHz- and Cl—. The residue was chromatographed



on alumina using petroleum ether as a solvent. Only about 0,03 g. of some
unidentified blue fluorescent material was recovered, As a second fraction

(ether used as a solvent) 1.2 g. of the corresponding ketone, mep. 7le5=

72.50, was obtained,

A, 4 mixture of 2.0 g. of the corresponding ketimine hydrochloride,

30 ml, of acetic acid and 15 ml. of 48% hydrobromic acid was sealed in a
Carius tube and heated in a Carius furnace for 46 hours at 180°, The mixture
waa then diluted with water and extracted with benzene. The extract was
washed with water, dried over calcium chloride, and chromatographed. The
first fraction, eluted by ether-petroleum ether (337) yielded 0.40 g.(30%)
of 1,2-benzanthracene, m,p. 157-158°, The second fraction (0.20 g.) was an
unidentified deep red solid. The expected hydrocarbon could not be isclated.

B. The same reaction was carried out with 2.0 g. of the corresponding
ketone, The first fraction, eluted with petroleum ether, gave thin colorless
plates, m.p. 155-157°, which were identified as 1,2-benzanthracene; yield
0.70 ge (54%). The second fraction, eluted with benzene~-petroleum ether (7:3)
yielded 0.60 g, of a deep red oil which erystallized in almost blaek, small

needles from scetone-ethanol (2:1), m.p. over 300° (dec.).

C. A mixture of l.5 g. of the corresponding ketone with 30 g. of
Fisher's Alumina was heated at 240-270° for three hours.The preasure was

maintained at 1,0 mm, The hydrocarbon was recovered by chromatography as
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colorless crystals, m.p. 134.5-135.5°; yield 0,66 g. (46%).
Analysis 1 Calculated for CygHog : C, 93.93; H, 6.07.

O (21 41,6'=-T e 2= thrac
A. Attempted thermal ecyclization, A Carius tube was swept with

nitrogen and 4.0 g. of the corresponding ketimine hydrochloride was placed
inside. The tube was sealed and heated at 300° for 20 hours. The black
material was dissolved in benzene and chromatographed, Several red zones
developed on the column, but no blue fluorescent colorless material

could be recovered,

Be A mixture of 4.0 g. of the corresponding ketimine hydrochloride,

30 ml. of acetic acid and 15 ml. of 49% hydrobromic acid was sealed in a
Carius tube and heated in a Carius furnace at 220° for six hours. The
mixture was extracted with benzene and chromatographed, The first fraction,
eluted with petroleum ether, yielded 0.85 g. (37%) of 1,2-benzanthracens,
mepe 157=158°, The second fraction, eluted with ether-petroleum ether (2:8),
gave l.4 g. of unidentified red oil. Several other fractions were not

eluted,

Ce A mixture of 2.0 g, of the corresponding ketone and 15 g, of
Fisher's Alumina was heated at 240-250° under reduced pressure (0.5 mm.)
for two hours., The hydrocarbon was recovered by chromatography, using

petroleum ether as solvent., It formed colorless crystals, m.p.l4d.5=145.5%
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yield 1.5 e (83/%)0
Analysis s Calculated for 627H22 s C, 93.61; H, 6,39,

Found ¢+ C, 93.29; H, 6,70,
P mdy2ebe race
A. A mixture of 2,0 g. of the corresponding ketone, 30 ml, of

acetic acid, and 15 ml., of 48% hydrobromic acid was heated under reflux
for five hours. The mixture was extracted with benzene, the extract

washed, dried and concentrated to 10 ml. volume., The solution was then
poured in a column, packed with alumina., Two distinct zones appeared on
the column, the lowsr one belng colorless with a strong blue fluorescence,
the upper one deeply yellow with a strong green fluorescence, The colorless
substance, m.p. 153-1540, was identified as 9~phenyl-l,2~-benzanthracens
(11t.(8) m.p. 154-155°), and could be only partially separated from the
yellow impurity when petroleum ether was used as solvent. Both fractions
were eluted with petrolsum ether, the solvent removed, and the glassy
solid dissolved in 30 ml. of benzene, To the hot solution 0,3 g. of

maleic anhydride was added, and the mixture was heated under reflux for
three hours. About 20 ml, of a concentrated sodium hydroxide solution was
then added, whereupon the yellow color disappeared., The benzene lgyer

was separated, washed and the pure benzanthracene derivative isolated after
evaporation of the solvent; yleld 1.8 g.(96%). The hydrocarbon was
sparingly soluble in concentrated sulfuric acid; the rosy solution turned

brown after standing,
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Be A mixture of 2,0 g. of the corresponding ketone and 25 g, of
Fisher's Alumina was heated to 250~-270° under reduced pressure (1.5 mm,)
for 50 mimuites. The hydrocarbon, mixed with a small amount of yellow

impurity, was recovered by chromatography; yield l.4 g. (74%).

A, A mixture of 1.0 g. of the corresponding ketone, 30 ml, of
acetic acid, and 15 ml, of 48% hydrobromic acid was sealed in a Carius
tube and heated at 180° in a Carius furnace for seven hours. The mixture
was extracted with benzene and chromatographed on alumina, The hydrocarbon
formed the first colorless fraction which was eluted with petroleum
ether; yield 0.61 g. (65%). Several crystallizations from acetone-ethanol
(135) gave colorless nesdles, m.pe. 102.5~103.5°; it was soluble in
concentrated sulfuric acid with a light violet color which changed to
blue after standing., The second fraction, eluted with benzene~petroleum
ether (134) was 0,15 g. of an unidentified yellow solid with a strong
green fluorescence, The third fraction, eluted with benzene, was 0.15 g.
of an unidentified deep violet solid, The remaining fractions were not

eluted,

B. A mixture of 1,0 g. of the corresponding ketone and 30 g. of
Fisher's Alumina was heated at 240-270° under reduced pressure (1.5 mm.)
for two hours. Chromatography with benzene-petroleum ether (119) gave
0440 g.(42%) of the hydrocarbon, m.p. 96-101°, The second fraction was

0450 go of an unidentified orange oil with a strong green fluorescence,
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The remaining fractions were not eluted.
Aunﬂ‘ly'SiS t Calculated for 02 5H18 $ c’ e 305 H, 54704
Found : c' 94001; H, 54674

A, A mixture of 1.0 g. of the corresponding ketone, 30 ml, of acetic
acid and 15 ml., of 48% hydrobromic zcid was sealed in a Carius tube and
heated at 180° in a Carius furnace for three hours. The mixture was
extracted with bengene and chromatographed on alumina., The hydrocarbon
formed the first colorless fraction which wes eluted with petroleuvm ether,
Crystallization from acetone-sthanol (1:5) gave colorless, silky needles,
soluble in sulfuriec acid with a light pink color which changed to brown
after standing, m.p. 131.5=132,59; yield 0,90 g. (95%). The second fraction,
eluted with benzene-petroleum ether (1:4) was 0,010 g, of an unidentified
yellow solid with a strong green fluorescence., The third fraction, eluted
with benzene~petroleum ether (317) was 0,050 g. of an unidentified purple
solid,

B. A mixture of 1.0 g. of the corresponding ketone and 30 g, of
Fisher's Alumina was heated at 240-250° under reduced pressure (1.2 mm.)
for two hours, The yellow powder was chromatographed, The first fraction,
eluted with petroleum ether, yielded 0.65 g. of the hydrocarbon, m,p. 130-
132°, The second fraction, eluted with benzene-petroleum ether (317),

gave a deeply yellow, glassy solid with an intensely green fluorescence,

from which an additional 0,10 g. of the ceclorless hydrocarbon was isolated,
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The remaining yellow compound changed to orange during the recovery of
the hydrocarbon and could not be identified, The total yield of the hydro-
carbon was 0,75 g. (80%).
Analysis : Calculated for Chyshys ¢ C, 94.30; H, 5,70,
Found t C, 93.93; H, 5.66,

A mixture of 0,40 g. of the corresponding ketone, 26 ml, of
acetic acid and 13 ml, of 48% hydrobromic acid was heated under reflux
for 30 mimites., The red solid was separated and chromatographed, The
first fraction, eluted with benzene-petroleum ether (1:19), gave, after
crystellization from ethanol,0,25 g. of colorless long prisms,m,p. 115,5=
116.5°. The second fraction was a deeply yellow oil which when dissolved
in ethanol gave an additional 0,070 g. of the colorless hydrocarbon, and
a small quantity of an unidentified yellow material, The total yisld of
the benzanthracene was 0.32 g. (85%5). This hydrocarbon formed a dark red
molecular compound with 2,4,7=trinitrofluorenone, m.p. 144~145°, which
was prepared in the following way. Equal quantities (0.050 g.) of the
hydrocarbon and 2,4,7-trinitrofluorenone were !issolved in 5 ml, of hot
benzene (red solution), most of the solvent was evaporated and 10 ml, of
ethanol was slowly added. Almost black, small needles formed when the
solution was bolled.

Analysis ¢ Calculated for 625318 t G, 94.30; H, 5.7C.

Found t G, 94.58; H, 5.41.
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A mixture of 4.0 g. of the corresponding ketone, 30 ml, of acetic
acid and 15 ml. of 48% hydrobromic acid was sealed in a Carius tube, and
heated at 180° in a Carius furnace for five hours. The mixture was extraoc-
ted with benzene and chromatographed on alumina, The first colorless
fraction, eluted with petroleum ether, gave 1.3 g. (34%) of colorless
plates, m. p. 152-153°, The second fraction, eluted with benzene-petroleum
ether (116) was 0.30 g. of an unidentified yellow solid with a strong green
fluorescence, The third fraction, eluted wlth benzenes, was 1,95 g. of an
unidentified red solid,

Analysis @ Calculated for Coelhg & C, 93.94; H, 6.06.

Found t C, 93.94; H, 6.14.

2% LYwDimot, a ] o D )

A mixture of 1.5 ge of the corresponding ketone and 30 g, of
Fisher's Alumina was heated at 240-270° under reduced pressure (1,0 mm,)
for 90 mimites and chromatographed on alumina, The first fraction,
eluted with benzene-petroleum ether (115) gave 1.2 g. of a yellow solid
which was dissolved in 10 ml, of benzene and mixed with a solution of
0.5 g« of maleic anhydride in 10 ml, of benzene. The mixture was then
heated under reflux for three hours and mixed with 10 ml, of a 20%
solution of sodlum hydroxide, The yellow color disappeared and the benzene
layer was separated, washed several times with water and dried over

calcium chloride, After evaporating the solvent, 1.1 g. (75%) of a
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colorless, glassy s0lid, m.p. 59=65°, remained, All attempts to crystallize
the hydrocarbon failed.
Analysis : Calculated for Chelhq : G, 93.94; H, 6,06,
Found t C, 93,61; H, 6,30,

A, A mixture of 4.0 g. of the corresponding ketone, 30 ml, of
acetic acid and 15 ml, of 48% hydrobromic acid was sealed in a Carius
tube and heated at 180° in a Carius furnace for five hours, The mixture
vas extracted with benzene and chromatographed on alumina., The first
fraction,eluted with petroleum ether, yielded 1.3 g. (34%) of a color=
less glassy solid which resisted all attempts for crystallization, The
second fraction, eluted with benzene-petroleum ether (1317), gave 0.60 g.
of intensely yellow, green fluorescent, lassy, unidentified material,
The third,deeply red zone, was not eluted.

B, A mixture of 1.5 ge of the ketone and 25 g, of Fisher's Alumina
was heated to 240-270° for two hours under reduced pressure (1.0 mm,).
The yellow powder was chromatographed, The first fraction, eluted with
petroleum ether, gave 0.66 g. (46%) of a colorless glassy solid, m.p.
65-70°, soluble in concentrated sulfuric acid with a weak red color. All
attempts for crystallization failed, The second fraction, eluted with
benzene-petroleum ether (13:4) yielded 0,60 g. of an unidentified yellow,
green fluorescent glassy solid, The remaining yellow zones were not eluted.

Analysis ¢ Calculated for Chgi,, 3 G, 93.94; H, 6,06,

Found 1 C, 93.46; H, 6,28,
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9= (21 ,6'=Dimethylphenyl )=1,2=benzanthracene,

A, A mixture of 2,0 g.of the corresponding ketone, 30 ml, of acetie

acid and 15 ml.of 48% hydrobromic acid was sealed in a Carius tubs and
heated at 180° in a Carius furnace for 21 hours., The black mixture was
extracted with benzene and chromatographed on alumina.The first fraction,
eluted with petroleum ether,gave 0,63 g.(49%) of colorless plates of
1,2=-benzanthracene,m,p, 158°.The second fraction,eluted with benzene~petro-
leum ether (114),yielded 0,50 g.of an unidentified brown solid, The third,
deeply red zone, was not eluted.

B. A mixture of 1.0 g.of the ketone and 25 g,of alumina was heated under
reduced pressure (1-2 mm,) for one to two hours.The yellow powder was then
chromatographed, using benzene~petroleum ether (1:4) as a solvent, and

the fluorescent fraction was collected,The results,obtalned by varying

the type of alumina, temperature and length of time,are tatmlated below

(Table I).The yield refers to the fluorescent (non-homogeneous)fraction,

TABLE I
—Alundng ¢ Time hrs, Ileld %
Fisher 220 2 14
Fisher 240=250 2 23
Fisher 240-270 2 29
Fisher 260=280 2 27
Fisher 280-300 1 10
# Florisil 260-290 2 2
Woelm, basic 240=280 2 34
Woelm, basic 270-280 2 R7
Vioelm,non=-alkaline 280 2 29
Woelm,non=alkaline 280-300 2 16
Woelm, acid 2/40~280 1.5 4
Hoslm, acid 260280 2 15

* Florisil is a complex magnesium silicate of the following
composition: MgO, 15.5 * 0,5%; Si0p, 84.0 * 0,5%;
Na3S0;, 0.5 % 1.0%; py = 8.4~8.5 (water suspension),
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The yellow fluorescent fraction was chromatographed on alumina, and the
colorleas, blue fluorescent zone eluted with petroleum ether., Crystalliza-
tion from ethanol first gave colorless prisms, m.p. 193-200°, insoluble in
concentrated sulfuric acid, which were spectroascopically proven not to be
the expected benzanthracene derivative. The analysis corresponds well to
a dihydro-9-(2!,6'«dimethylphenyl)-l,2-benzanthracene.

Calculated for Coglyy 3 Cy 93373 H, 6.63,

Found s C, 93.473 H, 6,56,

The second product of crystallization was colorless plates,
m.pe 123.5%, soluble in conceﬁtrated sulfuric acid with a red color which
changed to blue and then to brown., The spectroscopic evidence and analysis
indicated that this was the expected hydrocarbon,

Anelysis : Celculated for 026H20 t C, 93.94; H, 6,06,

Found t C, 94.00; H, 6,25,
The remaining fractions could not be identified. The yileld of the

expected hydrocarbon was in the best case about 6%.

9=(3',4'=Dimethylphenyl)=],2~benzanthracene,

A, A mixture of 2.0 g. of the corresponding ketone, 30 ml, of
acetic acid and 15 ml. of 48% hydrobromic acid was sealed in a Carius
tube and heated in a Carius furnace at 180° for five hours. The mixture
was extracted with benzene and distilled in vacuo. A fraction distilling
between 253-255° (1.1 mm.), was collected and chromstographed on alumina,

The first fraction, eluted with petroleum ether, was crystallized from
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ethanol. Two colorless polymorphic forms were obtained, m.p. 142«143°

and 120-120,5% combined yield 1,24 go (65%). The higher melting form was
less soluble in ethanol, acetone and ether than the lower melting one, and
was preferentially formed from very concentrated, warm solutions. Both

forms yielded a red solution with concentrated sulfuric acidj it turned
greenish brown after long standing. The second, red fraction from the

column, eluted with benzene, was combined with the second fraction from the
distillation, b.p. 255-260° (0.9 mm.,), and dissolved in ethanol. Unidentified
deeply red erystals grew from the solution, m.p. 270-274° (dec.); yield

0.10 ge.

B. A mixture of 1.5 g. of the ketone and 30 g, of Fisher's Alumina
was heated at 240~270° for two hours under reduced pressure (1,2 mm,) and
chromatographed., The first fraction, eluted with petroleum ether, gave
1.0 g. of a yellow solid which after recrystallization from ethanol
yielded 0,97 g. (68%) of colorless orystals, m.p. 142-143°. The remaining

yellow fractions were not eluted.

C. The above reaction was repeated, using Florlsil instead of Fisher's
~Alumina. The mixture turned deeply red and was chromatographed on alumina
using petroleum ether as a solventj yield 0,39 g. (27%) of the expected
hydrocarbon. The second fraction, eluted with benzene~petroleum ether

(134) gave 0.02 go of an unidentified yellow material. The third fraction,
eluted with benzene, gave 0,62 g. of a deeply red solid, which after
crystallization from ethanol yielded 0.21 g. of unidentified red erystals,

mep. 274=276° (decs)s
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Analysis : Calculated for CpocHog 3 C, 93.94; H, 6.06.
Found L] C’ 93072; H, 6.08,

9=(3!,5'=Dimethylphenyl)=1,2-benzanthracene,

A mixture of 2,0 g. of the corresponding ketone, 20 ml. of
acetic acid and 10 ml. of 48% hydrobromic acid was sealed in a Carius
tube and heated in a Carius furnace at 180° for four hours. The mixture
was extracted with benzene and chromatographed on alumina., The first
fraction, eluted with petroleum ether, yielded 1.5 g. (79%) of colorless
crystals, m.p. 230°, The second fraction, eluted with benzene-petroleum
ether (114), gave 0.10 g. of unidentified yellow material. The third
fraction, eluted with benzene, gave 0,25 g. of unidentified, deeply red
material,

Analysis 3 Calculated for C t C,93.94; H, 6.06,

26720
Found : C,93.69; H, 6,07,

9=(1=Naphthyl)anthracene,

A, A mixture of 4.0 g. of the corresponding ketimine hydrochloride,
30 ml. of acetic acid and 15 ml. of 48% hydrobromic acid was sealed in

a Carius tube and heated in & Carius furnace at 200° for three hours.

The mixture was extracted with benzene and chromatographed on slumina,
The first fraction was 0.30 g. of naphthalene, the second fraction was
0520 g. of unidentified bluish plates which melted and sublimed from 152°
up; the analysis checked well with a calculated value for a dihydro-
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naphthylanthracene,

&nalysis : Calculated for 024313 t C, 94.073 H, 5.93,

Found s+ C, 94.02; H, 5.96,

The third fraction was 1.1 g. (32%) of the expected anthracene derivative.
It formed colorlesa prisms, m.p. 160—1610, which dissolved in concentrated
sulfurie acid with an intensely yellowish-green color. All these fractions
were eluted with petroleum ether, The fourth fraction, eluted with benzene,
yielded 0,90 g. (27%) of 10-phenyl~l,2-benzanthracene, m.p. 182-183°,

Further fluorescent fractions were not eluted,

B, The same experiment was repeated with the corresponding ketone.
Identicel by-products were obtained. The yields of the two isomeric hydro-
carbons, naphthylanthracene and phenylbenzanthracene were 45% and 367

respectively.

Ce A mixture of 5.1 g. (0.020 mole) of 9=bromoanthracens, a crystal
of iodine, 4.1 ge (0.020 mole) of l-bromonaphthalene and 150 ml. of
ligroin (b.p. 90-110°) was added to 1.0 g. (0.040 mole) of magnesium and
heated under reflux for 70 houra. Since no reaction was observed, the
ligroin was replaced with ether, After 30 hours of reflux almost all the
metal dissolved and the mixture was decomposed with ammonium chlaride,
Only anthracene and naphthalene were recovered from the ethereal solution,.

D, A mixture of 3.0 g. of the ketone and 20 g, of Fisher's Alumina
was heated to 240-270° (1.0 mm.) for 2} hours, The hydrocarbons were
eluted with benzene and chromatographed on alumina. The first fraction,
eluted with petroleum ether, yielded 0.10 g.(4%) of the naphthylanthracene,
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mepe 157-158°, The second fraction, eluted with petroleum ether, gave
1.4 ge (49%)of the phenylbenzanthracense, m.p. 182-183°, Further
fluorescent fractions were not eluted,
Anglysis 3 Calculated for 624816 s C, 94,703 H, 5.30.
Found t C, 94.233 H, 5.36.

9=(2-Naphthyl)-anthracene,

A mixture of 1.5 g. of the corresponding ketone, 30 ml. of acetiec
acid and 15 ml. of 48% hydrobromic acid was heated under reflux for 15
hours., The hydrocarbon was extracted with benzene and crystallized from
ethanol. It formed small, colorless leaflets, soluble in concentrated
sulfuriec acid with a green color, which changed to brown after a few
hours, m.p. 200°; yield 1.26 g. (89%).

Analysis : Calculated for 024316 8 C, 94.70; H, 5.30,

Found t G, 94.26; H, 5,43,

4 mixture of 2,0 ge of the corresponding ketone, 30 ml, of
glacial acetic acid and 15 ml. of 48% hydrobromic acid was sealed in a
Carius tube and heated at 180° in a Carius furnace for eight hours. The
black solid was separated, dissolved in benzene, washed with water and
concentrated to a 10 ml. volume, The concentrate was poured in a column
packed with alumina, and eluted with benzene~petroleum ether (1:5). The

percolate was concentrated and the hydrocarbon crystallized as colorleas
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micro-crystals, m. p. 186%; yield 1.3 g. (68%). After four recrystallize-
tions from benzene-ethanol (1:3), colorless crystals were obtained, m. p.
190°,

Found s C,9u.803 HyS.24,

A, A mixture of 2.0 g. of the corresponding ketone, 40 ml, of acetie
acid and 20 ml, of hydrobromic acid was heated under reflux for 12 hours,
The white, orystalline solid which formed in the flask was separated and
recrystallized from a mixture of benzene, acetone and ethanol (134:6).
Slightly yellow micro-crystals possessing a strong green fluorescence
were obtained, m. p. 172=173% yield 1.7 g. (88%). Six recrystallizations
from benzene-ethanol (1310) gave colorless micro-crystals possessing a
strong blue fluorescence, m. p. 174~175°. The mother liquor from the
crystallizations contained a very small amount of an unidentified purple
by-product,

B. A mixture of 2.0 g. of the corresponding ketone, 30 ml. of acetic
acid and 15 ml. of 48% hydrobromic acid was sealed in a Cariue tube and
heated at 180° in a Carius furnace for six hours. The black solid was
separated, dissolved in a small quantity of benzene and poured in a column
packed with alumina, The first fraction was eluted with benzene-petroleum
ether (133). It formed, after evaporation of the solvent, & yellowish

green solid with a strong green fluorescence, weight 1,82 g. Crystallization
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from benzene-ethanol (1:5) gave 1.8 g. (95%) of slightly yellow crystals,
m.p. 172-174°, Three recrystallizations from the same solvent yielded
colorless micro-crystals, m.p. 174=175°, possessing a strong blue
fluorescence, The small quantity (about 0,020 g.) of the yellow, green
fluorescent material could not be crystallized and identified. The second
fraction was eluted with benzene. Crystallization of the deeply violet
concentrate from ethanol gave a very small quantity of almost hlack
micro-erystals, m. pe. 184° (dec.). The nature of this compound was not
investigated,

Analysis 3 Calculated for 628318 t C, 94.87; H, 5.13.

Found t C,ak.¢7; H,5.13,

A mixture of 5,0 g. of the ketone and 35 g. of Fisher's Alumina
was heated at 200~250° under reflux for one hour, The pressure was kept at
about 5 mm, The first fraction, eluted with petroleum ether, yielded
0410 go (2%) of anthracene, m.p. 211-213°, Several other colored fractions

were collected, but no further amount of enthracene was recovered.

A mixture of 1.0 g. of the ketone and 30 g. of Fisher's Alumina
was heated at 240° for one hour under reduced pressure (1.0 mm,). Only a

trace of a fluorescent material was recovered by chromatography.



115

oh ene

4 mixture of 8,0 g. of the ketone and 60 g. of Fisher's Alumins
was heated at 250-2800 for three hours under reduced pressure (20 mm.).
The mixture was extracted with benzene and distilled in vacuo, & fraction,
consisting of a mixture of both the unreacted ketone and the hydrocarbon
distilling between 170-180° (2.0 mm.) was collected and mixed with 50 ml.
of benzene and 4.0 g. of picric acid., The red picrate, m. p. 156° (1lit,
(13), me p. 156=157°) erystallized from the solution, was separated and
- passed through a short column packed with alumina, The hydrocarbon was

erystallized from ethanol in colorless prisms, m. p. 135-136° (1it. (52),

me pe 135-136°)3 yield 3.3 g. (44%).

A, 4 mixture of 0,50 g. of the hydrocarbon, 4.0 g. of aluminum
chloride, 4.0 g of zinc chloride and a drop of pyridine was heated iIn a
small beaker for ten minutes and decomposed with dilute hydrochloric acid.
The black residue was extracted with benzene and chromatographed on alumina,
Only 0,10 ge of anthracene and Q0,10 g« of other nonerystalline products

werse isolated.

B. 4 mixture of 1.0 g of the hydroecarbon and 1.5 g of powdered
selenium was heated in a test tube lmmersed in a metal bath for 30 hours,
The temperature of the metal bath was maintained at 330°, The mixture was

extracted with benzene and chromatographed on alumina. Only a very narrow
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red stripe appeared on the column, but it could not be isolated and
identified, Most of the original hydrocarbon was recovered,

C. A mixture of 0,70 ge of the hydrocarbon, 70 ml, of benzene and

5.0 go of aluminum chloride was heated under reflux for 70 minutes. After
decomposing the mixture with dilute hydrochloric acid, the black mass was
extracted with benzene and chromatographed on alumina, Four fluorescent

fractions were eluted, but none of them corresponded to the expected

dibenzpyrena,

A mixture of 0.50 g. of 9«-phenyl~l,2~benzanthracene, 0,10 g. of
a 10% platinum asbeatos and 35 ml. of xylene was heated under reflux for
five hours. Since no yellow coloration was observed (the expected dibenz-
pyrene is yellow), the solvent was evaporated and the mixture heated at
310° for two hours. The phenylbenzanthracene was recovered unchanged from

the mixture.
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RECOMMENDATIONS FOR FUTURE WORK

The cyclodehydration of ketones by means of alumina which was
discovered in the course of this work should be further explored
from the following aapects:

a) The application to other ketones, mainly in the benzyl-

benzophenone series.

b) The nature of the by-products.

¢) The use of materials other than alumina,

d) The mechanism of the reaction,
Some of the hydrocarbons prepared in this work could possibly be
cyclodehydrogenated to hitherto unknown higher condensed systems.
This concerns mainly the G=phenyl-l,2«benzanthracene derivatives
and the naphthylanthracenes and benzanthracenes.
The nature of the deeply colored by-products resulting from acld
cyclization of the dimethyl substituted ketones in the 10=phenyl and
10-naphthyl-l,2-benzanthracene series and all the 9-substituted
benzanthracene series should be lnvestigated.
The resolution of the optical antipodes mentloned In the second part
of thls thesis should be attempted., It 1s suggested that the
methyl derivatives be oxidized with selenium dioxide or other
selective oxidizing agent to the corresponding acid which probably

could be easy to resolve.
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The hy-products resulting from the synthesis of the (1~ and 2=
naphthylmethyl)chlorobenzene could be identified, converted to the
nitriles and utilized for a synthesis of some anguler polycyclie
hydrocarbons,

The rates of cyclization of some of the simple 9~ and 10-substituted
1,2~benzanthracenes should be measured, compared and the results

used to substantiate the reaction mechanism,
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The acid catalyzed cyclodehydration method was extended
to the 9earylel,2-benzanthracene and 9-naphthylanthracene

gseries,
A new method of cyclodehydration was described.

The series of 10-mono~ and 10-dimethylphenylel,2-benzanthra-
cenes was completed, All the isomeric J-mono~ and Y=dimethyl-
phenyl-l,2-benzanthracenes were prepared together with the
corresponding ketones, Some highly hindered ketones were
prepared and their cyclization realized. A total of 47
compounds, not previously reported in the literature, were
aynthesized,

The spectra of 24 hydrocarbons were recorded and the theory
of nonplanarity of these compounds substentiated.
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EXPIANATION OF TABLES

The first group of tables (I to VI) comprises all the ketimines,
ketones and hydrocarbons in the 9= and 10-phenyl=l,2«benzanthracene
series and is intended to help in the location of a particular compound
pertaining to this series. In the Reference Column, the plain mmber gives
the reference as listed in this thesis (section literature) and the mmber
in parentheses gives the page of the reference., TT refers to this thesis.

The second group of tables (VII - VIII) contains the adsorption
maxima of all the investigated hydrocarbons, The mumber in the CH column
refers to the hydrocarbons in tables I to VI, so that for example, CH 2
is the 10=(2'-methylphenyl)=1l,2-benzanthracene, etc. A Beckman Spectro=
photometer Model DU with 1 cm. quartz cells was used in this investigation,
The concentration of the samples was 10 mg., per liter of 95% ethanol,

The third group of tables (IX to XI) deserves some more detailed
explanation @

The table IX shouws the spectra of the three related hydrocarbonst
1,2-benzanthracene, 9~ and 10=phenyl=l,2«benzanthracene, The simllarity
of the spectral pattern and the shift in the positlons of the adsorption
peaks is clearly visible,

The table X shows a particular case of the two hydroecarbon
products resulting from the alumina cyclization of 2-(2-naphthylmethyl )=
2',6'=dimethylbenzophenone, The spectral pattern of the hydrocarbon CH I
(9=-(21,6'~dimethylphenyl )=1,2=benzanthracene) is clearly identical with
the spectrum of 9=-phenyl-l,2~benzanthracene, The spectral pattern of
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the hydrocarbon CH II (unimown by-product) shows a definite difference
from the parent compound, although most of the adsorption peaks are
maintained to a certain extent, It was suggested that this compound
might be a dihydroderivative of CH I, but the spectral evidence, however
satisfactory in deciding the structure of CH I, cannot be considered as
sufficient to propose a significant structure for CH II,

The table XI shows the relationship between anthracens,
Qe (1=naphthyl )= and 9=(2~naphthyl)anthracene, The similarity of these
three spectral patterns is again highly significant. It can be recalled
that both of the reactions leading to the two naphthyl-anthracenss could
also yleld benzanthracene derivatives (Elbs=-type products), The
contribution of the spectral pattern was of decisive importance here,
Even a merely superficial comparison of a curve pertaining to the
benzanthracene derivative shows very clearly a distinct difference between
the isomeric hydrocarbons,
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prepared in the form of hydrochlorides,

oy

c=1H
Ry Ry
B
Ry R Rj M. po* Reference
CC,

H H H 181 TT (76)
21-CH3 H H 177 TT 277)
3'-CH3 H H 185 TT (78)

4% =CH3 H H 202 T (79)
2'-CH 3'-CH H 185 11 (41)
21-Cli3 AN H 173 11 (40)
2'-CH3 5&-01?3 H 176 1 Ez,o)
21-CH; 6'=CH3 H 176 11 (23, 39)
3'-CH 4'~CH3 H 180 1 (42)
3'-CH3 51=CH3 H 184 11 (41)
2'-CHy 4'-CH3  6'~CHjy 195 TT (86)

# All melt with decomposition,
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Ry
Ry )
Rafarence
M. Po
R B
: - : 13 (55)

: 103,0~104,0 > o)

i 83,0=84.0 3 7 |
: i o 114.0-115,0 TREAT.
2'-0}{3 i H 77‘9"78.0 ) ll 54‘5)
o : - 71.5-72.5 1 (45)

o H - i 65,0-66,0 TR |
é'.c 3:‘0 i vis;ous oil 117,053, 1 (87
21-an 4'- i i 123,5=124.0 2 (“5
2'-CH3 5’-3}{3 - 23,520k, il
2'-CH3 161":0 H 93.5-94.0 1 (0
B:IgHHB : g'-GH3 159.5
g'-CH% 4'=CH3
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f3
Rl Ry

No. Ry Ro R3 xg. Gp. Reference

1 H H H 183 - 184 13 (56),TT (96)
2 2'-CH H H 131,5-132,0 TT (97)

3 3'=CH3 H H 109 - 110 T (98)

4 4V =CH H H 121 - 122

5 2'-C 31-CH H 175 - 176 11 (47)

6 21-C 41-CH3 H 107-108, 116-118 11 (47)

7 21CH]  5'-CH;  H 116 ~ 117 1 (48)

8 2'-CH3 6'-CH3  H 13445=135.5 1 (25),TT (99)
9 34.CH L' =CH H 117.5-118,5 11 (46)

10 31~ 5'-CH3  H 118-120, Li2=14, 11 (46)

11 21-CHj A =GH,  6'CHy  LUdd5=145.5 TT (100)
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prepared in the form of hydrochlorides.

cgzm

C=NH

Ry Ry
Ry Rp me po® Reference

0g.

H H 180 7T (81)
2'-CH H 184, T (82)
31-C H 174, TT (83)
L1=C H 193 TT (83)
21-CHy 6'~CHs 192 T (84)

* Al)l melted with decomposition.



c=0
By B
Ry R, obé.p. Reference
H H 240 (1.5 mm.) T (88)
21-CH H M. Do 9745 T (89)
30 CH - 236-238 (1.5 mm.) T (89)
4t=C H 237-240 (1.5 mm, ) T {90)
21.C 3'=CH 240=243 (1.0 mm. ) T (90)
21aC 4'~CHz 235 (1.0 mm,) TT (91)
21-C 51.CH 236-238 (1.0 mm.) ™ (91)
210 61=C MePe 8645=87,0 TT (92)
31-¢ zu-cng 238 (1.0 m.) T (92)
3'-CHy 51=CH, Mo Po 12445-125.0 T (93)
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IABLE VI

R R
No Ry R, me p. °C. Reference
12 H H 154 = 155 8, TT (101)
13 2'-CHy H 102,5 = 103.5 TT (102)
1 3'-CH3 H 131.5 = 132.5 TT (103)
15 4'=CH3 H 115.5 = 116.5 TT (104)
16 2'-CHj 3'~CHy 152 - 153 TT (105)
17 2'-CH3 4'=CH3 58 « 64 TT (105)
18 21=CH3 51-CHj 64 - 69 T (106)
19 2'-CH3 6'-CH3 12345 IT (107)
20 3'-CH 4'=CH 119.0-119.5;14245 TT (108)
21 310 51CH3 230 17 (110)




CH A in mw
nax

222 260 271 281 292 322 336 352 365
222 260 270 281 292 320 335 351 366
222 260 271 281 292 321 336 351 365
222 259 271 281 292 321 336 351 365
222 259 271 281 292 322 336 350 366
222 259 271 281 292 322 336 351 365
222 259 270 281 292 322 335 351 366
221 259 271 281 291 321 335 352 366
222 260 271 281 292 336 351 366
222 260 271 281 292 321 336 351 366
222 259 271 281 292 320 335 351 368
224, 258 270 279 290 336 346 352 361
225 258 270 279 290 335 347 352 361
225 259 269 278 289 336 346 351

225 258 269 279 289 336 347 360
224, 260 269 279 289 336 346 362
226 260 270 279 290 336 351

22, 260 269 279 289 336 346 351 362
223 260 2869 279 290 337 346 362
226 259 269 279 290 337 351 362
26 260 269 279 290 337 350 362

NN
RO BREREREREBvmNowsrwI
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Optical density at A,
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TABIE IX

e

UV Spectra of

e LyR=Benzanthracene
= = = 10~-Phenyl=-l,2=-benzanthracene
evans 9wPhenylel,2«benzanthracene



TABIE X

. m e i eE PEEET I e e T S
me 220 240 200 200 300 320 300 260 380

UV Spectra of

9=(21,6'~Dimethylphenyl )=1,2=benzanthracene
= = = Unknown by-product
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