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INTRODUCTION



INTRODUCTIONS

In the study of the cyclodehydrogenation of
12-(3-methylphenyl)benz[a]anthracene (1), Zajac (1)
pointed out that the hydrocarbon might undergo ring
closﬁre at either of the ortho positions of the phenyl
ring. j'I‘heée positions are not equivalent with respect
to the methyl gréup and ring closure might yield either
2-methyldibenzo[a,l]pyrene (2) or 4-methyldibenzo[a,l]-

pyrene (3) or a mixture of both isomers.

/ CH3

CHg \

o

=

CHy
3

8In this thesis all rings are aromatic unless
otherwise indicated.



When compound 1 was dehydrogenated only one isomer
was isolated. This conclusion is supported by gas
chromatographic analysis; the chromatogram shows the
presence of only one component. Further evidence was
obtained from elemental analysis. The isomer which
was isolated could be either compound 2 or compound 3.
Thus, the purpose of this investigation was to determine
which isomer, 2 or 3, was actually isolated. It was
decided to synthesize 2 through an unequivocal
syntnesis. If the physical constants of compound 2,
synthesized unéquivocally, are the same as those of
the compound isolated from the dehydrogenation of 1
it can be concluded that 2Zajac isolated 2. On the
other hand if the physical constants are different,
it can be concluded that he isolated 3.

It was decided to synthesize a compound in which
one of the ortho positions, para to the methyl group,
of the phenyl ring of 1 was substituted with‘a halogen.
This new compound could then be cyclodehydrohalogenated
to compound 2. The proposed compound 12-(2-chloro=-5-
methylphenyl)benz[aJanthracene (21) was synthesized
as shown in Chart II. However, the cyclodehydro-

halogenation could not be accomplished.
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NOMENCLATURR

The nomenclature used throughout this thesis is
in accordance with the recommendations presented in
the Journal of the American Chemical Society, §2,
5545, (1960).

For example:

Dibenszofa,l]pyrene
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HISTORICAL

Since the discovery of naphthalene in 1820, over
215 individual compounds have been iscolated from coal
tar. Because some of these hydrocarbons have been
found to have carcinogenic activity, a number of
aromatic polynuclear hydrocarbons have been
synthesized in counection with intensive cancer
research that is being done at the present btime.

A number of methods have been used to synthesize
the aromatic hydrocarbons, Some of the useful methods
are the Blbs reaction (2), succinic anhydride synthesis
(2), Bradsher's aromatic cyelodehydration (L), aromatic
cyclodehydrogenation {5), and cyclcdehydroh&logenan
tion (6).

Cyclodehydrogenation implies ring formation by
the removal of hydrogen from at least two points in
a molecule or between two or more molecules.
Cyclodehydrogenation reactions, usually catalyzed
by anhydrous aluminum chloride, have been known for
years and have been used profitably to synthesize

hydrocarbons (1) in the following manner:
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" 3
bHB
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or as used by Scholl (7) to synthesize 1,9-benzanthrone

(7} in 76% yield from phenyl l-naphthyl ketone (4).
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Although the cyclodehydrogenation reaction has
been very useful in the synthesis of a wide variety
of compounds, it sometimes leads to the synthesis of
several isomers as has been discussed in the
Introduction.

In order to avoid ambiguities cyeclodehydrohalo-

genation reactions (5,8) have been used to synbhesize



compounds unequivocally. Clar (5) has used potassium

hydroxide and quinoline to synthesize 9 from 8.

c)

8 2

In the synthesis of 9 frow 8 Clar fails to mention
the yield. It is assumed that he did not isolate 9
in good yields. In This Laboratory Mahone (8) has
used potassium hydroxide and quinolihe to synthesize
napntho[2,1-a]perylene (11} from &-[l-{S-chloro-

naphtﬁyl)}*lO,1l-dihydrobenz{a}anthracene (;Q),



wllm

It is interesting tn notice that the action of
potassiun nyaroxide and guinoline upon compound 10
yielded coupound ll by cyclodehydrohalogenation and
aromatization., In the synthesis of 1,14,11,12=di-
benzopentacene-5,7-quinone (13) (9} from 1,3-dichlorc-
l,6-Gi-{<( =naphthoyl)benzens (12) using potassium
hyiroxice and guinoline the compound was probably
isolated in poor yields because no yields are given,

Cy

=
Cs



The synthesis of 13 using potassium hydroxide and
ethanol gave poorer results, Clar does, howeﬁer,
mentioﬁ thét iﬁ the synthesis of heptazethréneQ?,15=
guinone f (;ﬁ)'from l5h~dichloro-2,5—(d‘-naphthoyl)-
benzene {1lk) using potassium hydroxide'and.guinoline

was isolated in yields no better than 10%.

o)
1k
i

compound

b

He isolated 15 after boillng the tars with water

several times and finally with dilute ammonia.
Trituration of the tars with ether produced 15 which

was then recrystallized from nitrobenzene.
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DISCUSSION OF RESULTS

Preparation of 2-Bromonaphthalene (17).

The utilization of the Grignard reagent of
2-bromonaphthalene is perhaps the most practical
route to obtain 2-(2-naphthylmethyl)substituted
benzophenones as shown in Chart II. Since 2-bromo-
naphthalene is so useful it is desirable to synthesize
this compound by the route which provides the best
yield.

2-Bromonaphthalene can be prepared by the Newman
and %ise (10) method in good yield, but the method
suffers the disadvantage of using the carcinogen
2-naphthylamine. Thus, it was decided to use the
method of Wolfe and Doukas (11) as improved by
Polss (12). 2-Bromonaphthalene is prepared as shown
in Chart I, by diazotizing 2-naphthylamine-l-
sulfonic acid and then treating the stable diazonium
salt with cuprous bromide and hydrobromic acid to
obtain 2-bromonaphthalene~l-sulfonic acid. The
sulfonic acid group was then removed by sulfuric
acid hydrolysis and 2-bromonaphthalene was isolated

in 59% yield. The 2-bromonaphthalene which had been
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purified by passing through an alumina column formed

Grignard reagent in 85% yield.

Preparation of 2-(2-Naphthylmethyl}=2'<chloro=-5*«

methylbenzophenone (21).

- 2-(2-Naphthylmethyl)=2'~chloro~5'-methyl=
benzophenone was synthesized as shown in Chart II.
Of the several ways of preparing 2-bromobenzaldehyde
the most direct route is the oxidation of Z-bromo-
toluene using chromic acid (13). However, the
reported yields are only about 4L0%. The more
tedious method involves the side-chain bromination
of Z-bromotoluene to 2-bromobenzal bromide followed
by hydrolysis to the aldehyde (14). The yields by
this method are about 70%, but this method suffers
the disadvantage of taking several days to isolate
the product and'of giving & product which can only
ke purified with difficuley. 4 new msthod for the
preparation of Z-bromobenzaldehyde, shown in
Chart III, involves the conversion of 2~bromotoluene
to Z2=bromobenzyl bromide (15) which can then be

converted to the corresponding aldehyde 18 (16).



~20=

CHART II
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The 2-bromobensyl bromide (24) was prepared by
breating 2-bromoboluene with N-bromosuccinimide and
benzoyl psroxide. The 2-bromobenzyl bromide can be

converted to the corresponding aldehyde by Lreating

(<3

she compound with Zenitropropane in the presence of
sodiua ethoxide in absolute ethanol., The nitro-
parafiin salt f@rméd‘gg can react as an awbident
nueleophile; it can either form & new carbone-carbon
bond or a new earben«@xyg@n bond. The formation of
& new carbon-oxygen bond yislds aﬁ Qﬁat&hle nitronie
ester 25 which can be converted to an aldehyde under
the infiuence of base. #Aeeording to Gould {17) it
appears that the ambident nucleophile will attack
with its most electronegative atowm as the conditions
for Syl substitution becowe more faverable, but if
the reaction acquires more of the character of a
bimoleenlar substitution, the incoming group attacks
with the less electronegative atom. It is obvious
that the conditions for the conversion of 2~brmm0~
benzyl bromide to R-bromobenzaldehyde are favorabile
for Syl subauiﬁutian which will Pavor attack by the
more electronegative atom of the 2-nitropropane jon.

This method has the advantage of giving reasonable
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yields {69%) of the desired aldehyde and also has the
advantage of requiring a short time to isol&té the
desired product.

of
18)

——

| The reaction involving the Grignard reagent
2-bromonaphthalene (17) and Z-bromobenzaldehyde (
was first performed by Light‘(lS)o The normal
product from the reaction of Grignard reagent with

an aldehyde is a secondary alcohol, but investigétors
in This Laboratory have observed sbnormal products;
they have observed Z2-naphthyl g-bromophenyl ketone
and 2-(Z-naphthylmethyl)bromobenzene. At present
this ahnormal reaction is being investigated to try
to explain the formation of the abnormal products.
Since the desired product was 2-(2-naphthylmethyl)-
bromotenzene (19) the crude product of the reaction
of the Grignard reagent of 17 and 18 was reduced by
allowing it to react with a mixture of aluminum
chloride and lithium alumiaum hydride.

The Grignard reagent of 2-{2=-naphthylmethyl;-
bromobenzene was allowed to react with Z2-chloro=>5-
methylbenzoyl chloride, as shown in Chart II, to yield
(577%) the desired 2-(2~naphthylmethyl)-2'-chloro=5'-

methylbenzophenone (20). It is known that the
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reaction of a Grignavrd reagent with an acid chloride
yields first a ketone:

0 O-igX )

" 1 -MgXC1 - I

R-C=Cl + R'igK —R=C~01 ——— 3R-C-K!

RY

‘The ketone can, of course,'react with more Grignard
reagent vo give a tertiary alecohol:
0 ' RY
H ~ hydrol, I
R-C~R'+ R'Mgl ~————> R-0C-0H
Rt

In order to avoid the formation of the tertiary alcohol
the Grignard reagent is added dropwise to the acid

- chloride solution so that ﬁhe Grignard reagent is
never present in excess. Thus, the reaction can be
stvopped at the ketone stage. Conseguently, this
technique was employed for the synthesis of
2=(2-naphthylmethyl)~2"~chloro~5'-methylbenzophenone.
The structure of 20 was established by elemental

. . . : a
analysis and infrared absorption spectra . The

&, s . . . 5 A
Throughout this thesis the infrared absorption
spectra were obtained by using an IR-5 Beckman
Spectrophotometer.



carbonyl group of 20 exhibits the characteristic
infrared absorption band at 1664 cm.l° (Fig. 1).
The purity of 20 was established by gas chromato-
graphic analysis before an analytical sample was
prepared.

Anal. Caled. for Cpslijg0CLl: C, 80.96; H,
Cl, 9,56, Found: €, 80.50; H, 5.38; Cl, 9.50.

Ut
. (3
et
)Y
e

2-Chloro=-5-methylbenzoyl chloride (29) was
synthesized from 2=-chloro=-5-methylbenzoic acid (28)
by treatment with phosphorous pentachloride (19).
The acid 28 was prepared by allowing p-chlorotoluene
to react with oxalyl chloride in the presence of

anhydrous aluminum chloride (20).

COOH COCL
Cl N
O (cocl), L p __Pelg O
Cli AlC1, o HyC
27 28 29

Cyclodehydration of 2=-(2«Naphthylmethyl)}-2'-chloro-

5%~nethylbenzophenone (20).

Bradsheyr and Vingiello (21) and Vingiello and

Van Qot (22,23) have established the mechanism of



the aromatic cyclodehydration of ketones as showm in
Chart IV. The reaction involves the following steps:
{a)] the reversible addition of a proton to the
arbonyl oxygzen, (b} an electrophilic attack of
the positively charged carbon atom upon the ortho
position of ring B, {¢) the elimination of a proton
and (d) transannular elimination of water. It has
been observed that one of the most important factors,
on which the rate of cyclization depends, appears to
be the nature and position of substituents on ring A.
The cyclodehydration is usually carried out in a 2:1
glacial acetic acid and 48% hydrobromic acid
mixture. It was observed {(19,24) that 2t'-halo
substituted ketones could not be cyclodehydrated
by heating under reflux in the standard acid mixture.
When more drastic conditions were used, heating in a
Carius tube to 150°, more satisfactory results were
obtained (25}). In the present investigation the
sealed tube technique was used. 2-{2-Naphthyl-
methyl)=2%=-chlore~5"-methylbenzophenone was dissolved
in a 2:1 solution of glacial acetic acid and k5%
aydriodic acid. The solution was placed in a

Carius tube which was then sealed and heated to
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CHART IV




180° for two hours. When the reaction mixture had
cooled to room tempesrature a white solid separated
from solution, 1l2-{Z-chloro-35-methylphenyl)-

benzlaJanthracene {80%), The solid which had the

Q6
T

pearance of a glass was washed with water and then
dissolved in 95% ethanol and a nuaber of common
solvents to attempt crystallization; all attenmpts
were futile. Since the benz[alanthracene 21 could
not be crystallized it was decided to distil it
A viscous yellow=-green oil was collected. The
structure of the product was established by
ultraviolet spectraa and elemental analysis. The
product had a spectrum characteristic of &
benz[alanthracene {Fig. 2). The elemental analysis
was consistent with the structure assigned to
12-(2~chloro-5-methylphenyl)benz[alanthracene (21).
Anal, Caled. for.025i{1701: C, 85.09; H, 4.85;
Cl, 10.05. TFound: G, 85.44; H, L.55; Cl, 10.17.
Toward the end of this investig&tion‘é gas

chromatography instrument became available. The

aThroughout this thesis ultraviolet absorption
spectra were obtained by using a D¥~24 Beckman
Spectrophotometer.
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instrument became a very useful tool as will be pointed

. discussion.

e
w

out later in this
Since the preparation of 12~(2-chloro=-5-methyl=-
phenyl)benz(alanthracene was of prime importance it
was decided to prepare the compound in as high yields
and short reaction.time 85 possible. As mentioned
above the desired compound'gi could be obtained in
good yields aﬁd in relatively short reaction time,
The next logical step was to determine its purity
after it had been eluted through an alumina column.
To determine its purity gas chromatographic analysisa
was used. The chromatogram showed two peaks which
suggested that one impurity was present. In previous
work (20,27,28,29) it has been observed that in the
syntheses of 7= and 1l2-substituted benz[ajanthracenes
cleavage occurs if the substituents are bulky. In
the synthesis of 7-cyclohexylbenz{ajanthracene
Delia (26) isolated about 32% of benz[ajanthracene
and attributed this observation to steric hindrance

involving the 6 and 8 peri hydrogens of the

a m 3 2. . « e a e .
Througihout this thesis a Hicro-Tek GC-Z500R
gas uhromatcbraphy unit ecuipped with an ionization
detector was used.



-30-

benz[alanthracene moiety and the bulky cyclohexyl
substituent., Similar results have been observed {27)
in the case of 12-(ortho subsﬁituted phenyl)benz[aj=
anthracene. In this case the steric interaction
involves the l2-substituent and the benz grdup of
the benz[a}anthraéeme moiety. In the case of
124(2-chloro-5»methylpheﬁyl)benz{a]anthracene the
1z-substituent is very bulky and for this reason
cleavage should not be totally unexpected. Because
of the reasons just stated it was suspected that the
first peak in the chromatogram of the product of the
cyclodehydration of ketone 20 was ﬁenz{a]anthracenea
To confirm the suspiclon a pure sample of benzfa]-
anthracene was characterized using identical
conditions as those used for the product of the
cyclodehydration of ketone 20. The retention time
of pure benz[ajanthracene was identical with that

of the first peak of the chromatogram of the
cyclodehydrated product of ketone 20. Since this
method of cyclodehydration offered good yields,
short reaction time and the crude product could
easily be reisolated pure enough to be used in the

next reaction, it was decided to use this method to
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prepare enough 12-(2-chloro-5-methylphenyl)benz[a]-
anthracene to study the cyclodehydrohalogenation
reaction. The ketone 20 could also bz cyclode-
hydrated using the standard glacial acetic acid-
hydrobromic acid mixture and the sealed tube
technique. This reaction suffered the disadvantage
of poorer yields (69%), longer reaction time (10 hours)
andi a crude product which could only be purified with
difficulty. Ketone 20 could also be cyclodehydrated
using phenyl acida phosphate; the yields were not very
good (63%), although the reaction time was only two
hours. The procuct, a yellow-green glass, isolated
from the two latter methods could not be crystallized
using a variety of solvents and solvent mixtures.

The gas chromatogram of the product of the two

latter methods showed identical retention time with
that of the chromatogram of the cyclodehydration

using the acetic acid-hydriodic acid mixture.

Attempted Cyclodehydrohalogenation of 12-(2-chloro=-5-

methylphenyl)benz[a]anthracene (21).

Cyclodehydrohalogenation reactions have been

used (8,30) to synthesize polynuclear nydrocarbons
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unequivocally. Clar gt al. {30) have worked on this

ield with some degree oi success. They have used

by

potassium hydroxide and guinoline to bring about
cyclodehydrohalogenation (30); in This Laboratory
Mahone (&) has had success using this method. With
this in mind it was hoped to synthesize R2-methyl-
dibenzo{a,l]jpyrene unequivocally by cyclodehydro-
halogenating l2-{2-chloro~5-methylphenyl}-
benz|ajanthracene. The reaction appeared strailght--
forward and success was expected., Using the
potassium hydroxide methed from very wmild to drastic
conditions led only to recovery of starting material
or complete destruction of starting material. When
12={2~-chloro=-5-methylphenyl)benz[alanthracene was
added to potassium hydroxide and guinoline and the
mixture allowed to reflux for 30 minutes 80% of
starting material was recovered. The rest of the

- starting material was destroyed. ‘Tar could be
observed as a dark brown band at the top of the
alumina column used to purify the reaction mixbture.
“Yhen more drasvic conditions were used, heatiﬁg to
300° for five hours in an autoclave, no starting

material was recovered; only tars could be



isolated. The cases mentioned are extreme cases.
keactions with conditions intermediate with the ones
mentioned only yielded recovery of starting uaterial
in varying amounts. Since tihis method did not yield
satisfactory results, attention was turned to
alkoxides, such as ethoxide. This type of resaction
also led to the recovery of starting material and

no formation of the degired product, Z-methyldibenzo-
[a,1])pyrene. The material isolated from the
potassium hydroxide-guinoline and alkoxide reactions
was analyzed using the gas chromatographic
technique. Jince the product from the cyclode-
hydrogenation of 12-(3-methylphényl)benzLa]-
anthracene, 2-methyldibenzof[a,l] pyrene or L-uethyl-
dibenzo[a,l]pyrene, was charscterized gas chromato-
graphically, the retention time of 2 or 3 was known.
Under the conditions used the retention time of 2
and 3 should be very close Lo each other. Therefore,
it is not essential to know which isomer was
actuelly isolated in the cyclodehydrogenation of 1.
The chromatozirama of the semi-crude reaction mixture
of the above mentioned reactions did not have any

oseaks around the time in whica the dibenzopyrene
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was expected to elute. The results of the experi-
ments suggested that a new approach bto thé'problem
be considered.

Since the cyclodehydrohalogenation could not
be accomplished using basic conditions, it was
noped that a Lewis acid such as anhydrous aluminum
chloride would catalyze the removal of hydrogen
chloride. This approach proved to be worse since
it led not only to unsatisfactory results, but it
also destroyed the starting material in reaction
times as short as five minutes. 12-(2-Chloro=-
5-methylphenyl)benz[ajanthracene dissolved in

1

anhydrous venzens was allowed to react with
anhydrous aluminum chloride in reaction times

ving from five hours to five minutes. In each.

=

va,

~

]

case the starting material was destroyed and no
evidence of the de;ired material, R-methyldi-
benzo[a,l]pyrene,coul&.be detected. Since aluminum
caloride destroyed the starting material, attention
was turned to a milder Lewis acid, stannic chloride.
Using stannic chloride as a catalyst led to the
recovery of starting material (60%) and tar forma-

tion. Since aluminum chloride destroyed the starting



material and stannic chloride destroyed only part
of the starting material, it was decided to perform
an experiment using an aluminun chloride=-stannic
chloride mixture. The experiment led to the
destruction of the starting material. No evidence
of R-methyldibenzola,l]jpyrene was observed.
Although the right conditions for the
cyclodehydrohalogenation of 12-(2-chloro-5-methyl-
phenyl)bénz[a]anthracene were not found, the data
obtained during the gas chromatographic studies are
very valuable since it can be used for other phases

of the work being done in This Laboratory.
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SXPERIMNTALS 02 C

2-Bromonaphthalene (17) (12).

<

.In a two gallon beéker fitted with a mechanical
stirrer LS g. (2 mole) of 2-naphthylamine-l-sulfonic
acid was dissolved in 3600 ml. of aqueous sodium
hydroxide (2.05 mole). Anh aqueous solution of 138 gz.
(2 mole) of sodium nitrite was then added. The
resulting solution was filtered and added drop-wise
into a flive gallon jar, insulated and fitted with a
mechanical stirrer, containing 1000 ml. of 37%
hydrobromic acid and crushed ice. During the
addition the temperature was kept at 0-5° by
constantly adding crushed ice., The diazonium salt
that forms was collected in a Buchner funnel, washed
with a liter of iced water and presssd dry. While the
liazotization was in progress, cuprous bromide was

prepared., To a solution of 1200 g. (4.8 mole) of

_ 9411 melting points were taken on a Fisher-Johns
melting point block and are corrvected.

bThe elemental analysis of new compounds was done
by Galbraith Laboratories, Knoxville, Tennessee.

€11 femperatures are expressed in degrees
Centigrade. '



cupric sulfate and 2000 ml. of waver 700 g. (6.8 mole)
of sodium bromide was added., While stirring, 302 g.

(204 mole) of sodium sul:it@ was added over a period

of ten minutes. Then an excess of sodium sulfite was
added until the blue color disappeared. The mixture
was allowed.to cool ©o room temperature. The
precipitate; cubrous bromidse, was collectéd in a
Buchner funnel and wéshéd"with cold water. The
cuprous}bromida was placed in a five gallon jar,
fitted with a stirrer, and assolution of 300 ml, of
L3% hydrobromic acid and 800 ml. of water was added.
¥hile stirring, the dilazonium salt was added portion-
wise to the cuprous bromide suspension. When all the
diszonium salt had been added the mixture was heated
in a steam bath until the evolution of nitrogen had
5ubside&, The resulting hot wmixture was filtered‘
through a Buchner funnel Whllw hot . The filtrate

was placed in a QOOO ml. bedker whxcn contained

450 g, of potassium ﬁromlde; the mlxture was stirred
until iﬁ turned into & paste. The p&ste was allowed
to cool ©o room vemperature; then filtered through a
Buchner funnel. The crude 2-bromo~1»nan%thaleno~

sulfonic acid which was collected in the Buchner



”

funnel was washed with one liter of a 20% aqueoué
potassium bromide solution and pressed dry. The crude
2~bromo-l-naphthalenesulfoniC-acid was air dried
‘over-nighto The crﬁde 2~bromo—l»naphth&lénesulfanic
acid was placed in a 3-neck 5-liter round vottom
flask, which was equipped with a mechanical stirrer
and a reflux condenser. Then 800 g. of crushed ice
and 800 ml. of concentrated sulfuric acid were added,
The mixture was refluxad 16 hours. The mixture'was
allowed to cool to room temperature; the pr301p1tated
2=bromonaphthalene was filtered and washed with water

s

to remove the acid. 7The acid solution was extracted
once with benzene, The benzene layer wés separated
ana washed with water until all the acid had been
removed. The beﬁzene solution was dried over
éagnesium sulfate and ccnceﬁtratedo The 2=bromo-
nadhthal xne which was obtained upon comcentration
of th benzene solution was combined wvth the
filtered 2- brononapnthulnne The crude proauct was
listilled under vacuum, b.p. 1R0-121° at 5 ma. The
yield of 2-bromonaphthalene was J14 g, 59%. The
. o

2=bromonaphthalene which SOlidlile upon cooling had

a yellow color. The product was dissolved in



2

500 ml. of normal-hexane and passed through an acid
alumina (activity I, 80-200 mesh) column which was
wet-packed with normal-hexané. An additional three
liters were used to wash the column. The solution
was concentrated to dryness and the resulting white
flaky 2-bromonaphthalene (243 g., 59%) melted at
56.5-57°, (Lit. [11] m.p. 56.8-57°).

2-Bromotoluene (31).

A solution of 162 g. (1.5 mole) of commercial
o-toluidine in 880 ml. (6 mole) of 40% hydrobromic
acid in a three-liter flask was cooled and kept
below 10° throughout the experiment. The solution
was diazotized with 116 g. (1.7 mole) of sodium
nitrite, added about 10 g. at a time. After each
addition the flask was stoppered and shaken until
all the red fumes were absorbed., When the
diazotization was couplete, 5 g. of copper powder
was aaded; the flasx was attached to a reflux
condenser and allowed to stand in the ice bath until
the evolution of nitrogen had subsided; the mixture
was heated in a steam batn for half-an-<hour. Then
one liter of water was added and the mixture steam

distilled until about three liters of distillate had
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been collected., The distillate was made alkaline with
10 g. of powdered sodium hydroxide and the red bottom
layer of crude 2«bromotoluene was separated. About
140 g. of the ecrude 2-bromotoluene was washed with
concentrated sulfuric acid, which removed most of the
color, and twice with water., The crude 2-bromotoluene
was dried over magnesium sulfate and distilled. The
yield of the fraction boiling at 176-180° was 101 g.

(39%), (Lit. [31] b.p. 178=181°; 110-120 g., 4Z=47%).

R-Bromobenzyl Bromide (24) (15).

A solution of 171 g, (ﬁole) of 2—bromotolﬁene.aﬂd
Loy 3o of benzoyl peroxi&e'in 350 ml, of anhydrous
benzene, in a five-liter three-neck flask fitted with
a mechanical stirver and an efficient'reflux condenser,
was brought to a vigorous boil. A mixture of 178 g.
(1 mole) of H-bromosuccinimide én& Loy g.'of beﬁzcyl
péroxide was added portion-wise and as fast as the
foaming allowed., 'When all the powder had been added
and the foaming héd subsided, the reaction mixture
was cooled fivrst in a watef bath then in an ice bath.
The succinimide was filtered and washed with 200 ml.
of anhydrous benzene, The benzene was removed using

a flash evaporator. The crude product was distilled



il

under reduced pressure. A colorless product (200 g.,
30%) which distilled at 100=110° at 3 mm. was

collecved (12).

2-Bromobenzaldehyde (18) (16).

A solution of 1l.5 g. (0,50 mole) of sodium and
500 ml. of absolute ethanol was added to avone-liter
three-neck flask eq@ipped with a reflux condenser and
a mechanical stirrer. The solution was allowed to cool
to room temperature. Then 46 g. (0.52 mole) of
2=nitropropane followed by 125 g. (0.50 mole) of
2=bromobenzyl bzbmide'was'a&ded. The reaction mixture
was stirred for 18 hours. The sodium bromide was
femoved by filtration and the ethanol was removed in
a flash evaporator. The residue which cont&ined.sodium
bromide and producﬁ wa s dissolvéd in 100 ml. of ethyl
ether and 150 ml. of water. The 1ayefs were separated;
the etheér layer was washed with two 50 wml. portions of
10% sodium hydroxide to remoﬁe any acetoxime and excess
2-nitropropane. The ether layer was then washed with
50 ml. of water. The ether solution was dried over |
magnesium sulfate. The ether was removed in a flash’

evaporator and the resulting oil distilled under reduced
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pressure. 2-Bromobenzaldehyde (64 g., 69%) was
collected at 117-119° at 12 mm, {(Lit. [14] 118=-119°,
12 om. ). -

2-(2-Kaphthylmethyl)bromobenzene (19) (32).

A Grignard reagent was prepared from 24.3 g.
(1 mole) of magnesium turnings ané 200 g. (0.96 mole)
of Z-bromonaphthalene in 500 ml. of anhydrous ether.
When the reaction was complete, one milliliter of the
Grignard reagent was quenched in standardiszed sulfuric
acid; the excess acid was titrated with standardized
sodium hydroxide., The Grignard reagent formed in 85%
yield. Then 152 g. {0.864 mole) of 2-bromobenzldehyde
was added drop-wise to the‘Grignard reagent. Thé
reaction mixture was refluxed for two hours and
allowed to stir over-night. The reaction mixture
was decomposed with 20% agueous ammonium chloride,
The agueous layer was removed and the ether layer
washed with water and dried over magnesium sulfate.
The solution was concenbr&ted and distilled under
reduced pressure. An oil (168 g.) boiling at
185-196° at 0,25 mm. was collected. The oil was

3

dissolved in anhydrous ether and added drop-wise to



a wixture of 31.6 g. (0.834 mole) of lithium aluminum
hydride and 222 g (1.665 mole) of aluminum chloride in
500 ml. of anhydrous ether (33). The reaction mixbture
Wwas refluxed for two hours and the excess lithium
aluminum hydride was decomposed with ethyl acetate.

The mixture was then poured into 2000 ml. of sulfuric
acid solution. The layers were separated; the ether
layer was washed with water and dried over magnesium
sulfate. 2-(2-Naphthylmethyl)bromobenzene (113 g., hi%b)
boiled at 188-190° at 0;5'mm. (Lit. [32] be.pe 230=240°,

R mm.) .

2-Chloro=5-methylbenzoic Acid (§§) (20).

A ﬁixture of 50 g. (0.395 mole) of g-chlorotoluene
and 150 ml. of anhydrous carbon disulfide was placed in
a onefliter thres=-neck rOund.bottom flask equipped with
a mechanical stirrer and a reflux condenser connected
to a water trap. The mixture was cooled to ice bath
temperature then 50 g. (0.395 mole) of oxalyl chloride
was added. The solution was allowed to stir for a
while then 60 g. {(0.43 mole) of aluminum chloride was
added in two equal portions. The second portion was
added when the vigorous reaction of the first portion

had subsided. The mixture was allowed to stir for



2L hours. At the end of 2L hours the reaction mixture
was cooled to ice bath temperature again. The cold
reaction mixture was slowly poured into a four-liter
beaker containing 150 g. of ice, 100 ml, of water and
20 ml, of concentrated hydrochloric acid. The mixture
was stirred uatil all the aluminum compounds had
dissolved; then it was extracted with ether. The sther
solution was extracted twice with 50 ml. of 10% sodium
hydroxide. The solution was made acid to pH 1-2 with
concentrated hydrochlbric scid, The precipitated
acid was filtered and dried (36 g., 54%) in a vacuum
desiccator; the acid was recrystallized from 95%

3

ethanol, m.p, 101-162°(Lit. [20] m. p. 162-163°).

2-Chloro-5-methylbenzoyl Chloride (29) (20).

A mixture of 19 g. (0.112) mele of 2~-chlorg=5-
methylbenzoic acid and 20.9 g. (0.112 mole) of
phoephorus pentachloride was placed in a 100 ml.
round bottom flask fitted with a reflux condenser
connected to a water btrap. When the initial re&dtion
had subsided the mixture was heated to 100° for‘five
hours. The product, Qachlcro-B-methylbénZOyl |
_chloride (20 g., 95%), was distilled and the fraction

boiling at 130-132° at 20 mm. was collected,



2=(2-Naphthylmethyl)-2'-chloro=5'-methylbenzo=
phenone (20) (3L4).

A Grignard reageant was prépared froﬁ 2.9 g. (0.12
mole) of magnesium turnings and 35.8 g. (0,12 mole) of
2-(2-naphthylmethyl)bromobenzene in 250 ml. of
anhydrous ether. The reaction mixture was allowed
to reflux for five hours. The CGrignard reagent was
then transferred into a dropping funnel under
nitrogen gas pfessure and added slowly into a boiling
solution of 23,28'g,,(0;12 m@le) of 2=chloro-5-methyl=-
benzbyl chloride and 500 ml. of anhydrous benzens, The
ether was allowed to distil and an additional 150 ml.,
of anhydrous benzene was added to the reaction mixture,
The reaction mixture was ailowed‘to reflux for four
hours; it was decomposed by pouring it into a four-
liter beaker containing 1000 g. of ice, 600 ml., of
water and 120 ml, of concentrated. sulfuric acid. The
aqueous layer #as removed and the organic layer was
- washed twice with a 10% Sodium carbonate solution and
twice with water. The organic layer was dried over
magnesium sulfate and concentrated. The residue was
distilled; yield 26 g. (57%), b.p. 250-253°, at

Ook mm., The viscous yellow-green oil was crystallized



from 95% ethanol. The resulting crystals were further
purified by passing them through a basic alumina column.
After concentration a white o0il was crystallized from
95% ethanol. An analytical sample was prepared from
the resulting crystals, m.p. 164-105°;

Apal. Calcd. for Cpgiyg0CL: G, 80.96; H, 5.16;
1, 9.56. Found: C, 80.50; H, 5.38; Cl, 9.50.

12-(2-Chloro=5=-nethylphenyl)-7,12-dihydrobensz{a =

anthracene (36).

A solution of 1 g. (0.,0026 mole) of 2-({2-naphthyl-
methyl)=2t=chloro-5'-methylbenzophenone and 50 ml. of
glacial acetic acid was placed in a Carius tube. To
the solution 30 ml. of 45-47% hydriodic acid was added.
The Carius tube was sealed and heated in an oven to
180° for eight hours. The tube‘was allowed to cool
te room temperature. The white crystals that had
separated were recrystallized from 95% ethanol, m.p.

161-162°; yield 0.6 z. (63%) (35).

12-(2*-Chloro=5=-methylphenyl)benz{ajanthracene (21) (35).

A. Hydriodic acid and acetic acid (35).
‘A solution of 1 g. (0,0026 mole) of 2-(Z=-naphthyl-

methyl)=-2%-chloro-5'-methylbenzophenone and 55 ml. of
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glacial acetic acid was placed in a carius tube. To
the solution 30 ml, of 45-47% hydriodic acid was added,
The Carius tube was sealed and heated in an oven to
180° for two hours. The tube was allowed to cool %o
room temperature., The white}solid which formed was
filtered and washed with water to remove excess acid.
The product was distilled, b.p. 85-86° (G.3 mm.);

yield 0.75 g. (80%).

Anal. Caled. for CysfygCl: C, 85,093 H, k.85
Cl, 10.05. Found: C, 85.kk; H, h4.55; C1, 10.17.

B. Hydrobromic acid and acetic acid {25).

A solution of 1L g. (0.0025 mole) of 2-{2-naphthyl-
ﬁethyl)-z'~chloro-5'~methylbenzophenone and 50 ml, of
glacial acetic acid was placed in a Carius tube. To

) : .
the solution 30 ml. of 40% hydrobromic acid was added,
The Carius tube was sealed and heated in an oven %o
180° for ten hours. The tube was allowed to cool to
room temperamﬁ.rea The red acid solution was
neutralized with 20% sodium hydroxide and extracted
with benzene. The b}ack gummy residue at the bottom
of the tube was dissolved in benzene. The benzene

solutions were combined, washed with water and dried

over magnesium sulfate. The product was adsorbed on



alumina; the thimble was placed in a Soxhlet extractor
ant the product extracted with petroleum ether. Yield
0.65 g. (69%).
C. Phenyl acid phospnatea}(37), |

A mixture of 1 g. (0.0025 mole) of 2-(2=-naphthyl-
methyl)=2'-chloro=5'-methylbenzophenone and 6 g. of
phenyl acid phosphate was heated to 125° for two hours,
The mixture was allowed to cool to room temperature
then water was added and a black gummy material
separated. The gumny material was dissolved in
benzene, The benzene solution was washed with water
and dried over magnesium sulfate. The product was
adsorbed on alumina. The thimble was placed in a
Soxnlet extractor and the product extracted with

petroleun ether. Yield (63%), 0.55 g.

This substance was used as obtained from the
Virginia~Carolina Chemical Company, Richmond, Virginia,
without further purification. It is a light tan solid,
m.p. 46-48°, and it is described by the manufacturer
as a mixture of diphenyldihydrogen phosphate, phenyl-
dihydrogen phosphate and varying amounts of poly=-
phosphates,



Attempted Cyvclodehydrohalogenation of 12=(2-Chloro=5e-

methylphenyl)benz[ajanthracéné (21).

A. yia Alumiﬁum-chlcfide;

A solution of 1 go (6.0028 mole) of 12=(2=chloro-
S-methylphenyl)benz[ajanthracene and 60 ml, of”anhydféus
benzene in a 100 ml. round bottom flask 6 g. of
anhydrous aluminum chloride was added. The mixture
was heated to 100° for five hours. The same experiment
was repeated using reaction times of two hours and five
minutés, In each case, the reaction mixture was allowed
t6 cool to room temperature and decomposed with dilute
hydrochloriec acid. The layers vere separated; the
acid layer wés'extracted once with benzene. The
benzene solutions were combined, washed with water
and dried over magnesium sulfate., The solution was
concentrated to about five ml., and eluted through a
basic alumina column using petroleum ether as the
eluant. Bands exnibiting blue and yellow fluorescence
were formed. Upon concentration of each of the
fractions an orange 0il was obtained. HWeither of
the oils could be crystallized. The oils could not

be characterized.



B. via Aluminum chloride-stanpnic chloride.

A mixture of 0.5 g. of anhydrous aluminum chloride,
Ce5 . of stannic chloride and 50 ml., of anhydrous
bénzene was placed in a 100 ml. round bottoﬁ flask.
The mixture was allowed to reflux., Then a boiling
solution of 0.5 g. (0.0014 wole) of 12={(2=-chloro-5-
methylphenyl)bensz{ajanthracene aﬁd 25 ml. of anhydrous
benzene was added to aluminum chloride-stannic chloride
mixture. The reaction mixture was allowed to refliux
for five minutes. The reaction mixture was allowéd'to
ccol to room tewmperature; then decomposed with dilute
aydrocihloric acid. The layers were separated; the
benzene layer was washed with water and dried over
magnesium sulfate. The benzene solution was
concentrated to about two ml, and eluted through a
basic alumina column using petroleum ether as the
eluant. A blue fluorescing fraction and yellow
fluoresciﬂg fraction were collected. The resulting
0ils, upon councentration, failed to crystallize. The
oils could not be characterized.
C. yia Stannic chloride, -

To a.solution of 1 g. (0.0028 mole) of 12={2-chloro=

5-methylphenyl)benz[alanthracene and 60 ml, of anhydrous



benzene in & 100 ml. round bottom flask 6 g, of
anhydrous stannic chloride was added. The mixture was
heated to 100° for five minutes and then allowed to cool
to room temperature. The reaction mixture}was
decoimposed with dilute hydrochibric acid; the layers
were separated. The benzene layer was washed with
water and dried over magnesi&m sulfate. The solution
was concentrated to about five ml. and eluted through
an alumina column using petroleum ether as the eluant,
A band exhibiting blue fluorescence develéped, The
blue fluorescing fraction was collected and the
solution concentrated; 0.6 g. of 12-(2-chloro=-5-
methylphenyl)benz|ajanthracene was recovered.
D. via Potassium hydroxide and quinoline (5).

1, To a solution of 1 g. {0.0028 mole) cf
12-(2achloro-5-methylphenyl)benz[a]anthracene and
30 ml. of quinoline was added 20 g. of povassium
hydroxide pellets., The mixture was allowed to reflux
for half-an-hour. The reaction mixture was allowed to
cool to room temperature and then poured into dilute
hydrochloric aéid solution, The acid solution was
extracted with ethyl ether. The organic layer was

washed with dilute hydrochloric acid, with water and



dried over magnesium sulfate. To the dry solution
about 20 g. of acid zlumina was added and then
concentrated vo dryness. The product was extracted
from a Soxhlet extractor using pstroleum ether as the
eluant. Only a blue fluorescing éolor was observed.
The solution was concentrated until a yellow-green oil
remained. The oil could not be crystallized. The
0il (0.8 g., 80%) was 12-(2~-chloro=-5-methylphenyl)-
benz[a]anthracene,

2. A solution of 1 g, {0.0028 mole) of
12-(2~chloro-5-methylphenyl)benz[aJanthracene and
30 ml. of guinoline was placed in an autoclave. To
the solution 20 ge OF potassium hydioxide pellets was
added., The mixture was heated to 300° for five hours.
The autoclave was allowed to eool to room temperature
and dilute hydrochloric acid was added to the reaction
mixture, The acid solution was then extracted with
ebhyl ether. The organic layer'was washed with dilute
hydrochloric acid twice; with water twice and dried
over magnesium sulfate,“ To the dry solution acid
alumina was added and concentrated to dryness. The
product was extracted ffcm a Soxhlet extractor using

patroleum ether as the eluant. The resulting solution
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was concentrated to about 25 ml. and passed through
an acid alumina column using petroleum ether as the
eluant. Bands exhibiting blue, green, purple aﬁ&
yellow fluorescence developed. A blue fluorescing
fraction was removed using petrolewm ether as the
eluant. 4 second blue fraction was removed using a
4:1 mixture of petroleum ether and benzene. HNo other
band could be removed. Upon concentration of the
different fractions oils were obtained. The oils
proved to be untractable mixtures which could not
be identified. _
3, A solution of 1 g. (0.0028 mble) of
12={2-chloro=-5-methylphenyl)bensz(a janthracene and
30 ml, of guinoline was placed in an autoclave which
contained 20 g. of potassiuvm hydroxide pellets. The
mixture was heated to 220° for three hours. The
reaétion mixture was worked up as shown above. The
0ils that were isolated could not be characterized.
4e A solution of 1 g. (0.0028 mole} of
12~(zuchloro-5~methylphenyl)bénz[a}anthracena and
30 ml. of gquinoline was placed in an autoclave which
contained 20 g, of potassium hydroxide pellets. The

mixture was heated to 200° for two hours. The



reaction mixture was worked up as shown above. The oil
which was isolated (0.6 g., 60%4) was 12-(2=-chloro=-5-
methylphenyl)benz[a]anthracene.

5o A solution of 1 g. (0.0028 mole) of
12-(2fchlorpe5-methylphenyl)benz[a]anthracene and
25 m}. of gyuinoline was brought %o a reflux. To the
refluxing solution 1 g. of potassium hydroxide pellets
was added., UGach pellet was added singly. The
reagtion mixture was allowed to reflux for eight
hours. The reaction mixture was allowed to cool to
room temperature and then poured into dilute
hydrochloric acid. The acid solution was decanted
and the tarry residue which remained in the flask was
boiled with water. The water was allowed to cool and
decanted off. The tarry residue was then boiled with
dilute ammonium hydroxide solution. The ammonium
hydroxide solution was decanted off and the tarry
residue was air dried; the residue wag then ground
with acid alumina and chromatographed using petroleun
ether as the eluant., Only one band developed, the
band exhibiting blue fluorescence, The o0il resulting
from the concentration of the fraction was 12={2-chloro-

S-methylphenyl)benz{ajanthracene (0.3 g., 30%).



B, yia Sodium ethoxide.

1. A solution of 1 g. (0.0028 mole) of
12=-(2=-chloro-5-methylphenyl)benz|ajanthracene and
25 ml. of absolute ethanol was added to 75 ml. of "
absolute ethanol in which 6 g. (0.26 mole) of sodium
had been dissolved, The solution was allowed %o reflux
for 15 hours. The reaction mixture was cooled to room
temperature and poured into water and extracted with
ethyl ether. The organic layer was washed with water
and dried over magnesium sulfate. To the dry
solution about 20 g. of acid alumina was added and
concentrated to dryness, The’product was extracted
from a Soxhlet extractor using petroleum ether. The
extract was concenbrated until a yellow-green oil Was
obtained. The oil (1 g., 100%) was 1l2-(2-chloro-5-
methylphenyl)benz|a]anthracene, v

2. A solution of 1 go. {00028 mole) of
12-(2-chloro-5-methylphenyl)benz{aJanthracense and
5 ml. of absolute ethanol was poured into a 150 ml.
round bottom flask which contained 75 ml. of absolut&
ethanol in which 5.3 g. (0.23 mole) of sodium had been
dissolved. To the solution 25 ml. of glycerin was

added. The reaction mixture was allowed to reflux



for three and a half hours, The reaction mixture was
worked up as shown above. Upon extraction from the
Soxhlet extractor the solution was concentrated to
about 25 ml. and chromatographed through an acid
alumina column using petroleum ether as the eluant,
Only a band exhibiting blue flﬁorescence developed
wiiich upon collection and concentration yielded a
yellow=green 0il (0.7 g., 75%). The o0il was

12~(2~chloro-5-methylphenyl)benz[a]anthracene,

Attempted Cvelodehvdrohalogenation of 12-(2-chloro-5=

mebthylphenyl)=7,12-dihydrobenz{a Janthracene (8).

To a solution of 1 g. (0.0023 mole) of
12~(2-chloro~5=methylphenyl)~7,12—dihydrobenz£a]~
anthracene and 30 ml, of qﬁinoline was added 20 g. of
potassiﬁm ryiroxide pellets; the mixture was allowed
to reflux for 30 minutes. The aixture was allowed o
cool to room temperature and then poured into dilute
hyérochloric acid, The acid solution was extracted
with ethyl ether. The organic layer was washed with
dilute hydrochloric acid, water and dried over
magnesium sulfate. To the dry solution about 20 gzZ.
of acid alunina was added and then concentrated to

dryness. The product was extracted from a Soxhlet



extractor by refluxing petroleum ether. The extract was
then concentrated Lo about 25 ml. and chromatographed
through an acid alumina column using petroleum ether

as the eluant. Only a band exhibiting blue fluorescence
daveloped. The fraction was collected and concentrated
until an orange oil remained. The 0il was dissolved

in 95% ethanol and 0,08 g. of starting material was
recovered, m.p. 161-162° and .81 g. of 12-(2-chloro-5-

methylphenyl)benz[ajanthracene.

Gas Chromatographic Conditions

Gas chromatographic analysis was carried out in a
Micro-Tek GE-2500R unit equipped with dual columns and

an ionizavion detector. Conditions:

Packing 3.5% SE=30 on Gas-Chrom 2
Column length LY x 1/4"
Column tesiperature 260°

Detecior temperature  310°

Hydrogen flow rate 45 ec/min. (20 psig)

Helium flow rate 6.2 (rotameter reading), (LO psig)
Air flow rate 1.2 (rotameter reading), (20 psig)
Sensitivity 32 x 107

Sample size 2=l }LL

-1
Sample concentration 25 /Lq /bL



The packing was prepared by eissolving 1.75 2.
of SE~30 in 1200 ml. of methylen2 chloride., The
solute was then adsorbed on Gas-Chrom 2 (43.25 z.)
by slowly concentrating the solution to dryness. The
columns were packed Ln c¢onstant weight with the aid
of an aspirator zand a vibrator. The wvibrator was

used to insure uniform packing.
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SUMMARY



SUMMARY

The new ketone, 2-{(2-naphthylmethyl)-2'-chloro-
5'=methylbenzophenone (20), was cyclodehydrated to
the new l2-(R-chlorc-5-methylphenyl)benz{a]anthracene
(21) in a 2:1 mixture of glacial acetic acid and A45%
hydriodic acld and heating in a sealed tube for two
hours to 180°.

The purity of ketone 20 was debtermined by gas
chromatographic analysis and its structure determined
by elemental analysis and by its infrared absorption
spectrum. The elemental an&lysis and ultraviolet
spectral pattern of 21 are in accordance with the
structure assigned to 21, 12-(2-chloro-5-methyl-
phenyl)benz(a]anthracene.

Gas chromatographic studies were {ruitful
because conditians for the analysis of some aromatic
polynuclear hydrocarbons have been established., The
retention times of benz{alanthracene, 12-(3-methyl-
phenyl)benz{alanthracene, 2-(2-naphthylmethyl)-2'-
chloro=-5'-methylbenzophenone and 12-(2-chloro=>5=-

methylphenyl)benz{a]anthracene have been recorded.



Although the right cyclsdehyérohélogenation
conditions of 12~(2~chlor0u5»methylphenyi)benz[aje
anthracene (21) using petaséium hydfoxide and
‘guinoline, sodium ethoxide, aluwminum chloride,
stamnic chloride, and aluminum chloride-stannic
chloride mixture could not be found, gas chro-

matographic studies were fruitful.
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In the study of the cyclodehydrogenation of
12-(3~methylphenyl)benz{a]anthracen@, Zajad pointed
out that the hydrocarbon might undergo ring closure
at either of the ortho positions of the phenyl ring.
These positions are not equivalent with respect to
the meﬁhyl‘group dnd ring closure might yield either
Z-methyldibenzola,l]pyrene or g—methyldibenzo[a;ljé
pyrene or a mixture of both isomers.,

When the compound, lZ—(B-methylphenyl)benzfa]-
anthracene, was dehydrogenated only one isomer was
isolated. ‘The isomer which was isolated could be
either of the two possibilities. Thereforé, it was
decided to synthesize Q-methyldibenzo[a,l]pyréne
uneguivocally. By comparing the physical properties
of the compound synthesized unequivocally with those
of the coupound from the cyclodehydrogenation of
12=-(3=-methylohenyl)benz{e Janthracens it can be
determined which isomer was isolated by Zajac.
Theréfore, 12~{2=chloro~-5-methylphenyl)benz{a]=
anthracene was synthesized; bhis compound could
then be cyclodehydrohalogenated to the corresponding

R-methyldibenzola,l]pyrene, Using potassium



hydroxide-guinoline and alkoxides led only to the
recovery of starting material or to the destruction
of it, depending on whethef the reaction conditions
were mild or drastic. Aluminum chloride destroyed
the starting material in reaétion time as short as
five minutes. Stannic chloride destroyed only part
of the starting material. An aluwminum chloride-
stannic chloride mixture also destroyed the starting
material. In none of the experiments mentioned
could the presence of Z2-methyldibenzola,l]pyrene be
detected. Although the fight conditvions for the
cyclodehydrohalogenation were not found, the data
bbtained‘during the gas chromatographic studies are
very valuable because it can be used for the other

phases of the work being done in This Laboratory.
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