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INTRODUCTION

Recently, Bradsher and Vingicllo (1,2) published information

concerning the mechanism of aromatic cyclodehydration, with

particular refercnce to the cyclization of o-benzylphcnones. This

rnechanism is diagrammed in Chart I.
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R 1s alkyl, phenyl, and p-substituted phenyl.
R* 18 hydrogen, methyl, and phenyl.

*Unless otherwise indicated in this thesis, all rings are fully

aromatic.



This recction is postulated as procecding through three ‘steps: the
addition of the proton to the carbonyl oxygon, this being & revore
sible step; the attack of the conjugate acid (carbonium ion) thus
formed on the ortho position of the ring into which cyclization
tekes place; and {inally the rapid elimination of water to form the
fully aromatic anthracone dorivative. A study of the rate of
cyclization of wvarious kotoncs of type I led to the conclusions
thet "for similar experimental conditions, the rate of cyclization
of o=benzylphenones depends upon several factors, thg most important
of which appear to be: (1) the steric nature of R und perhaps
also of R', (2) the position of the equilibrium betw:ieen ketone
and conjugated acid (I ==II), (3) the effcctive positive character
of the central carbon atom of tho conjugate acid, (4) the electron
density at the ortho position of the benzene ring into which
cyolization takes place, and (5) the number of such positions
available." (1).

" The investigation reported in this thesis has produced new ax-
perinental evidence bearing on this question; a critical discussion
of tho mechanism of aromatic cyclodehydration is offered in the

licht of those new facts.



HISTORICAL

Since sovoral reviows (See for example Ref. 2 and 3) concerne
ing tho mechanism of tho cyclization of ortho-benzylphenones have
been published, it is not necessary to repoat that material hers.
Rather, these established facts will be brought forth as needed in
the pgenoral discussion of the reaction. Bocause the intorpretation
of tho experimental results reported in this thesis and the work
which immediately preceeded it (1, 2) requires a rather intimate
knowledge of the electronic effects of the halogens, and because
there still is controveorsy among chemists concerning these effects;
it is considered pertinent to present a review of the more oute
standing papors on this subject. This review will serve as a basié
for a number of conclusions reachod in this thesis,

The electronic thoory of the snglish school is set forth in
some detuil by Remick in his book (4). Hero, the modern, most
widely accepted vicws concerning the eloctronic effects of the
halogens are onumerated. The halogens are considéred to have a
strong inductive (-Ig) effcct (a strong permenont clectron attrace
tive offect, along the valence bond) diminishing in intensity from
fluorine to iodine. They aro considered to have an Id effeoct
.(the 1nductomoric'orfect, a polarizability effect along the valence

bond, brought into play only at the moment of reaction at the

demand of the attacking reagent) but in the reverse order, diminish-



ing from iodine to fluorine., The halogens are also considered to
have a +T effect (a tautomeric electron release, wherc the un~
shared olectrons on the halogen atoms shift their octet affiliations).
This tautomoeric effect manifests itself in two ways: a permanent
polarization of the molecule (li), and a polarizability effoct (E)
brought into play only at the moment of reaction, and then only
at the demand of the attacking reagent. These tautomeric effects
aro considered at the present time to diminish in intensity from
fluorine to iodine., This conclusion vas reached after the mass of
experimental evidence required it, but with some hesitation, since
it is difficult to see how fluorine, with its high electronegativity
would rclease its electrons with less difficulty than the more
electropositive iodine atom. This fact has been the source of
nuch controversy emong chemists, particularly in the years when
the clectronic theory of the Inglish schopl was just beginning to
takc shapc. It is tho main purpose of this review to outline the
data and arguments of chenists who have contributed to this aspect
of the electronic theory.

when the phenomecnon of the elecéronic shift, now knowm as the
elecﬁromeric effoct, was first postulated by Lowry (5), there was
no detailed discussion of the relative magnitude of the cffect
amor.s the different atoms, Later chemists, in extending these ideas,
proposed on theoretical grounds, thut the polarizability of the
halogen=carbon bonds diminished in the order I >Br>Cl>F, the

order vhich would be predicted from Fajans' ~ules (6), and indeed



the order now ascribed to the inductoneric polarizabilities,

Christopher K. Ingold, probubly the most influential contributor
to the knglish theory, vias the first to distinguish the permanent,
mesonieric, polarization of thc molecule from the dynamic eloctromeric,
polarizability effect, and classed the two as thc tautomeric effect (7).
In the first consolidated statcment of the principles of the eloctronic
theory of the nglish school (8), he stated that the E and M effects
decreased in the order I>DBr> Cl>F, and based his statemont, aside
from tho logical thought thut iodine viould have the greatest polarize
ability and the weakest hold on its electrons, on the work of
sutton (9)e In this vork, Sutton measured the effcctive mesomeric
moment of a substituent (X), by taking the diffcorence in the dipole
moments of a tertiary aliphcticeX and a phenyleX, Sutton pointed
out that since the mesomeric effect would not be present in the
saturated aliphatic compound, but would operate in the aromatic
ring, the differences in these tuo dipole moments would give a
comparative valuc of tho M effect for a series of substituents.
Sutton's values for these differences (i.e., mesomeric momecnts)
viore as follows:

I Br € (NOp)
0,86 04,69 0,59 (-0,88)

This series confirmed the order among the hnloncns‘which was assigncd
by Ingold. Later work in 1937 by Groves and Sugden (10) showed that
if a corroction for the moment induced by the measuring field be

introduced, the order among the halogens was roversed., Their values



for the mesomeric moments follow:

(ox) F c1 Br 1 (Noz )

(1.12) 1,00 0,97 0.89 0.8 (=0.29),
These corrected values placo fluorine closer to tho electron re=
loasing groups than iodine. As will be showvm luter, this and other
chenical evidence required Ingold to acknowledge that- the I effect
diminished in the order F>C1>Br>I, but he still maintained in
1938 (30) that tho polarizabilities (E) were in tho opposite order.

The first paper to show that chemical evidence required the
tautomeric offect to diminish in intensity from fluorine to iodine
was published in 1933 by Baddeley and Bennett (11)., In this
paper, they studied the rate of reaction of substituted aromatic
/Jochloroethylsulfidos (Ar=SeCHp=C,-Cl) with iodide ion (Reaction I)
and with wator (Reaction II), The wariation in the velocities in
Reaction I was found to be p-enisyl <p-tolyl < phenyl < p=halogenophenyl
<< p-nitrophenyl << 2,4-dinitrophenyl. Tho order for Reaction II
was just the roverse. Reoaction I boing accelerated by the nitro
group made it probauble that the rate detormining step was the attack
on the carbon holding the chlorine by the iodide ion: the withdrawal
of olectrons by tho nitro group would facilitate tho attack by the
necutive ion. Likowise, the presence of tho nitre group in Reaction
II retarded the reaction, and the rato doternining stop was thought
to bec the ionization of the chlorine atom, this being facilitated
by the prescnce of olectron releasing groups in the phenyl ring.

The influence of the halogen atom in the para position was found



to be in the order C1>Dr>1I for Reaction I (Rate constants,
0,197; 0,150; 0,116 resp.)s This is tho order which would be
expected from a consideration of the inductive effcet alone, 1.e.,
the same order of strengths of the halogen acetic acids. In
Reaction II, however, vhile the order in the overall series was
the reverseo of that of.Rcaction I, the order among the halogens
themselves was the same, and not reverseds Cl, 0.613; Br, 0,507;
I, 0.426., Since Reaction II has been shown to be accelerated by
electron releasing grodps, it follows that the eclectron release
(1.6, the +T effect) of the halogens must be in the same order as
the rates: Cl>Br>1I., It is unfortunate that thi‘s side chain
reaction was chosen to provo the point in question: in order for
the T effect originating in the ring to have any influence upon
the side chain halogon, it is necessary to infer that the T offect
is relayed -inductively along the single bonds of the side chain,
This has been the source of criticism of this papor (sce below),
and is one of the weak points in tho argumonts of Baddeley and
Bennetto

In order to further substantiato their statecment that this
unusual order of clectron reloase was actually the case, Baddeley
and Bennott in the same paper (1l) stated that the same results
could have been obtained by other chemists from their publishod
data, but the significance of their results was apparently not
noticed. It was pointod out that in a reaction whero the I

offect of the halogens would rectard, the +T offect would accelerate



fraom the para position; the T offcect would be almost inoperative
from the metg position. (They stuted here thut the I effect would
be weaker in the meta position than it is in the para, which i5 the
reverse of the accepted fact today (Ref. 4, p. 48) but this state-
nent does not appreciably altor thoir conclusions). It follows
then, that the rolative nmagnitudes of the elcetromerie effcct

were indicated by the variation in the ratio of velocities para/meta,
or by tho order of velocities of the para isomerides, Thirteem
reactions from fifteen sources of both type I and type II were
quoted heorc to support their argumonts; in ali cases the T effect
vould have to diminish in the order F>Cl1>Br>1I,

With the experimental evidence requiring thut this order be
accepted, Baddeley end Bemnett in the samo paper (11), and Bennett
in a subsequent papor (12), offered an cxplanation of the fact that
fluorine apparently released its electrons with greater ease than
the other halogens. They rejected the idea that in this case,
the T effcct involved an increcase in covalency of the halogens.

They stated, without elaboration, that there was no tendency for the
halogens to, form quinonoid links; further they could not see how

the inductive effect could persist whon the nature of the carbone
halogen bond is changed. As an alternative to tho covalency increase,
they suggested thut the electromeric effect of the halogens could

be considercd to be cthenoild or butadienoid changes in the nucleus
promoted by the electrical fields of the halogens. Thus in

chlorobenzene, the net negative charge k%ﬁ in the fiold around the



chlorine atom has its positive equivalont

N/

<— Cl—> charge é+ ) distributed through the nucleus
4 \ (deactivation); the electron repelling field
' $> > (the direct effect, operating in every direce

4 tion in space) may control at least the outer

electrons of the bond a<b to & point of initiating the electromeric
change: ethenoid for ortho activation, butadienoid for para activae=
tion. Since this eloctron repelling field, although opposite in
sign, is parallel in megnitude to the I effects, the order among
the halogens for clectromeric electron release would be F>Cl>Br>1,
These novel ideas concerning the cause of the clectromeric
effcct of the halogens were not well received by many chemistse
Among the chiof dissenters was Robert Robinson (13), whose rebuttal

included the following points. First, this mechanism could not be

extended to explain the oléetromeric effcct of other atoms in the
-1, +T category, such as nitrogen and oxygen. These atons activate
.the ring, and hence the electron density in tho ring is increascd,
and not decreased as in kthe case of the halogens; the same
mechanism, therefore, cannot apply to nitrogen and oxygem. If

this new mechanism is to ax;ply. then vhy do the four unshared
electrons of oxygen initiate so much more powerful an electromeric
effect than the six similar electrons of the halogens? Secondly,
the new view of Baddeley and Bennott repudiated the idea of a
covalency increase for the halogens, and, thercfore, would not be

able to cxplain the stability of aryl halides to hydrolysis,



generally attributed to the contribution to

(+)
+Cl: the resonance hybrid of forms of the type
shovm on the left. Thirdly, they did not

I present any reactions vhero the & effect
onters directly--all of the rcactions arc side
- chaln reactions where the E effect initiates

strains which are rclayed inductively. And finally, Robinson

argued that even if tho 1l effect is in the order F>C1>Dr>I, the

polarizabilities of the carbon<halogcn bond should be in the order

I>Br>Cl1>F,

The precceding two papers (12, 13) werc prescnfed at a discussion
of "Substitution in Organic Compounds" held at Leeds University in
lay, 1933, At the same meetiny;, Shoppee (14) prescnted an example
where there was no inversion among tho halogens. The effect of
nuclear substitution on the mobility (i.e., the velocity of

interconversion, K4 + Kz) on simple tried prototropic systems of

the type
ky
R-CGH“"XSY—Z‘P}X - ; R-CSH‘-XoYthh
g B

is that tho mobility is increased by variants R which are strongly
electron attractive. Thus, R, in eithor the m or the p position,
increases the mobility in the series: NlMep< Me<OMe<I<DBr<Cl<NOz,
which is also the order of the dipolo moments of the compounds R’Csﬂso

This scquence shows that the processes



ky (=)
R-CGHQ-X‘Y-%- ——— R-GGH‘.X"Y.Z- + H*
H
- +
ROCGH‘-'X- — R=CeHg=X= +H

H

%

are both facilitated by electron rccession from the scat of ionization,
The effect of thc same substituents on the equilibrium constant for

the reaction given above shows, however, that the order of the
halogens is reversed: }JIeA>Cl>BI'>I>NOgo Shoppee reasoned from
these facts ypat the mechanism (s) for aromatic side-chain reactions
- may involve two ratceaffecting phases, each phase being of opposite
polar requirenents (one being rotarded, the other accelerated, by
electron attracting groups, and vice versa). Then the relative
rcaction rates could vary among the substitucnts in the -I, +T
category, depending upon which phasc was predominant. Further
details of this unique paper are not included heore, for the ideas
presented there arc now considercd for the most part erroncous. It
is worth noting, havover, that these idcas received some support (15).
Tho noxt rather significant paper in the development of the
theory of tho English school is to be found in the Journal of the
American Chemical Society. In this paper (16) Bettman, Branch and
Yabroff published the strengths of tho meta and para substituted

halogenphenyl boric acids, measured in 255 cthanol at 25°:



neta pera

T Bim F - 1102100 3.6 x 107
4 Cl = 1.35 6430
X Br = 1446 7.26

It is to be noted that the acid strength for both positions falls
from bromine to fluorine. The I effect operating alone would ine
crease the strength of the acid, wherecas a +T effoct would decrease
the stfmgth. If the +T order is assumed to bs I >Br>Cl>F, then
the order of tho acid strength would be F >Cl >Br; experimentally
the reverse is the fact. In this case the difrorohces in strength
are gfoater than the cxperimental error; this is not the case with
the corrosponding benzoic acids, where (17) the differences in

strongths aro not great cnough to be excluded from inaccuracy in

measurenent ¢
For bonzoic acids: n-F n-Cl  me=Br n-I
- 103 Kﬂ 3.85 5081 3086 30&0

The fact that the meta acids showed tho samc order of strengths as
the para acids, (although the difforences arec small) was attributed
to secbndary resonance interactions betveen the l';alogen atom and
the benzene ring. (This same idea is expressed by Remick (Ref. 4,
p. 66) as follows: "...a halogen atom in the mets position can
" stimlate a mesomeric displacement, the effect of vhich is relayed

by an inductive mechanism...” This statement is based on a similar



statement by Dippy and Lowis (18), who measured the thermodynamic
dissociation constants of the meta-halogenated benzoic acids, and
found that the order of strengths (outside the limit of experimental
error) for the fluoro, chloro, and bromo acids was the reverse of
the order enticipated from the I effects alone.)

In 1935, Baddeley and Bennett, with Glasstone and Jones,
present ‘a carefully argucd paper (19) in vhich they repeat most
of the argumonts of their previous papers (11, 12). This exfensively
ennotated paper showed unecuivocally that the T effect of the
halogens must decrease frqm fluorine to iodine., However, it failed
to give a credible explanation as to why this must be the case,
other than explaining it on tho basis of a "nuclear ethenoid or
butadicnoid polarization” which they had postulatecd carlier. Their
argument began with quotations from various papers showing the effect
of halogens in the mota position, or their effect transmitted through

a side chain. Some of these are tabulated here:
A. The strengths of mehalogenophenols in 307 ethanol (20):

F Cl Br I

Ka x 107 1.51 4.9 4,37 3,89

B. The strengths of m=halogenoanilines in 307 ethanol (20;:

F C1 Br I

K, x 10712 10,5 8.51 7.94 7.59



C. The reaction velocity constant for the recaction of

m=halogonobenzyl chlorides (21):

F ClL Br I B
Wwith lodide )
at 20° - 1.84 2,17 2,47 2.4 1.32
Viith water
at 70° 0,0159 0,0156 0,0132 0.,0143 0,0671

D. The reaction of p-halogenophenylethyl chlorides with iodide (21):

F Cl Br I H

K 1.55 1,65 1.63 1,40 0,735
E. The strengths of mehalogenobenzoic acids (17):

F C1 Br I

- log K, 3.85 3.81 3,86 3.80

Since in all of these cases the olectronic effects of the
halogens are transmitted from tho meta position, or through a side
chain, tho rosults show en apparent inductive effect. In all cases
the differences are small, but in most of the cases, there is showm
an apparent inductive effect in the order Br>Cl>F, This fact
nust bo due to same modification of the inductive effect by the E
or 11 effect, even when relayed from tho meta position or througch
a side chain, since there are numerous well establishod facts which

point to the decrease in magnitudo of inductive effects in the order



F>C1l>Br>I in aromatic compounds, Oome of these facts are quoted

here:

A, TFirst, the rclative strengths of the halogen acetic acids

reported by Scudder (23): '

F C1 Br I

Dissociation constants 2,17 1.55 1.38 0,71 =z .10"3

B. The rates of roaction of p-halogonophenyl ﬁ -chloroethyl

sulfides (p=X=CgHg=S=Cll~CH2~C1) (11):

Cl Br I
X 0.197 0.150 0.116

llere a direct or réluyed E effoct would not facilitate

tho reaction and hence vould not be called into play.

Co The effect of R on the velocity of interconversion of the

system:

Cgll-CHz=C=C~Caflg=R (p) —S2o Ceflg=e0-Tg-Celia~R (2]

p——
CO0CHg kz CO0C,Hg

R (pora): OCHs I Br cl
kl * k2: 0.058 0.39 0064 1002

(This and other work of Shoppee (14, 24) was quoted in the

paper of Baddeley et sl. (19) to show tho I effect
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decreases from fluorine to iodine).

D. And finally, the work of Fluerscheim und Tolmes (25) and
also that of the Ingolds (26) who gave the percentage
of meta derivative formed when benzyl halidos are

nitrated (the percentages drop from fluorine to bromine).

If ull of the above facts ure to be 1ntbrproted as proving that
tho «I effects of the halogens drop in the order F >C1>Br> I, then
the conclusion must be reached that the magnitudes of the M effects
must decrease in the same order in order to account for the approxie
mate equality (or slight inversion of thoc "normal™ order among the
halogens) in the appurent inductive effects mentioned aboves

But, it is pointed out, there is evon a greater necessity for
explaining the much larger variations among the data relating to
similu: properties among the para halogenated substances.

For example, the dissociation constants of p-halogenated

benzoic acids and phenylacetic acids are (27):

para F Cl Br I
Benzoic 7.22 10,55 10,7 E

Phenylacetic 5.68 6.45 6.49 6.64

’

The chloro and bromo acids are close togother here, but the general

sequenceo is clear, and the reverse of thut to which the I effocts

alone would lead.
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Consider also the dissociation cénstants for tho parae

halogenoanilines, and the parg=halogenophenols in 307 ethanol (19):

F Cl Br I H
‘E-haloge anilines:
p X 107 120 28.8 21.9 15.1 126
g-haloge%phmols: '
K, x 107 0.26 1,32 1.55 2.19 0.32

In the casc of the anilines, the «I effect alone (Cl1> Br) should
make the chloro base the weaker. If the +M effect were Br>Cl,
then this should make the chloro base even weaker than this. The
fact that the chloro base is actually stronger shows that the +M
effect counteracts the =1 effect, and may even outweigh it.

But evon more striking are the facts concerning the strengths
of these compounds in aqueous solutions. Tho fluorine in the meta
position of aniline and phenol recveals the large inductive effoct

of fluorine (19):

Ky x 2071: aniline 400; m-Fesniline  25.7
x, x 1071% phenol 1.2; n-F-phenol 525

When the fluorine is in the para position, however, the

strengths aro equal to the parent substunces:
p-Feaniline: 444; p-Fephenol 1.12

The comparative dota for tho velocitios of hydrolysis of



the halogenatod benzyl chlorides elso bear on this point. Thus the
veloecity coefficicnts at 70°C for the hydrolysis of halogenobenzyl

chlorides arc (19):

r Cl , Br I H
meta 0,0159 0,0156 0,0132 0,0143
" 0.0671
para 0.114* 0.,0394 0.0310 0,0296

N

The fipures for the meta substituted compounds show the presence of
the retarding inductiveo effects; but in addition there is an influence
which facilitates the reaction for the para halogernated benzyl
chlorides relatively (to the meta) in all cases, and absolutely in
conparison with the parent benzyl chloride itself in the case of

the fluoro compound. (Note that the para fluofo compound (*) is not
only faster than the para chloro, but is approximately twice as fast
as the pafent H compound). This influence falls in a pronounced
nmanner from fluorine to iodine as shovm by the para/meta velocity
ratios: ¥, 7.17; Cl, 2,53, Br, 2.35; I, 2,07, The hydrolysis might

be expected to be facilitated by the shifi:

el -@3 L

All of the above data, compiled in the paper of Baddeley,
et al., (19), incvitably indicete an M or E effect, or both, in the

order F>C1L>Br>I. In line with their novel explanation for this

fact, the authors arc careful to point out that the olectronic shift
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shown above doesn't necessarily require complete conjugation of
the halogen with the benzene nucleus by an inerease in covaloney.
Such an increase in covalency would be indicated by (I <> II),

i .
and the fall in magnitude of the effect from I to I would bo

"hard to explain®.

cl H W oL & : C1 ”“"
” H - H

If the origin of the M offect is in the controlling field of the

halogen atom (Ref. 11 and 12) (I <« III), "the observed order is
oxactly that which would be expected”., (III is described as a "nuclear
butadienoid polarization").

One of the significant conclusions to which this paper comes
is ono based on analogy: 1if the 1l effect decrsases from fluorine

to iodine in intensity, then the I effect should do likewise, since

the two effocts are intimately related and have a common origin,.
The argument is as follows: 4if the I effect in p-fluorobenzyl
~chloride facilitates the reaction, then it nust develop into a true
E effcet in tho actual reaction. The para fluoro compéund is the
fastest on hydrolysis of all the compounds given, including the
unsubstituted éompound, and hence the L effect is highest for
fluorine among the halogens,

Further comnment copcerning the polarizability cffoct is made

in this same papor (19). The orthoepara dirocctive power of the



methyl group in toluenc is customarily ascribed to the +I effect,
but this cannot be extended to «CiCN and =Cl,Cl which must have
a «I effoct,s The ortho=para orientation in these cases must be
ascribed to the polarizability of the bond from the carbon of the
nuclcus to the substituent. In the halogens, thc polarizability
(I4) effect drops in the order I>Br >Cl>»F. Thus it may be a
combination of the M effect and the polarizability factor which
can account for the fact that Q_-chlorofluorobanzopo substitutes
para to the fluorine, but o-bromoiodobenzenc substitutes para to

the iodine (both by electrophilic reagents):
cl Br

e e

By this time, it was fairly genorally agreed that the =I
effect and, the +T effcet of the halogens decreased in magnitude
from fluorire to iodine, but therec were still several bits of
conflicting evidence which puzzled the chenists. IFor example, the
order of the strengths of the p-halogenophenylacetic acids (A) is
I>Er>C1>F, vhile the order of strengths of the mehalogenobenzoic
acids (B) is Br>CL>I>F, and the tautomeric mobilities of the
p-halogenc= ox , 'b/ ~diphenylpropenes (C) (Ref. 24a) fall in the
order F>C1l>Br>I. In 1936, Dippy and Leuis (18) showed qualita-

tively how these conflicting orders micht be explained. They

pointed out that the two effects of the halogens are of opposite



electrical naturc (=I, +T), and until more quantitative data could

be obtained concerning those effects, one offect might be expected

to predominate under one sot of conditions, while the other effect

might becomo more pronounced under other conditions. Thus in the

diegrams below, thero is shovm three exumples given just above,

The total line represonts the clectron attraction of the halogens

due to the ~I effect slone; the dotted portion of the line

represents the opposing *T effect ~= both effcets decreasing in

the order I >C1>Br>I. The solid line will then represent the

observed order, which is in each case overall electron attracting

(=I } +T), *

v

-—-.% e @ B S~
t——:‘. --1
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3
Q
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)

(a)
I>Br>Cl>F
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F C Br I
(B)
Br>CL>I>F

(c)
F>C1>Br>I

The rates of rcaction of the halogecnated benzyl bromides with

pyridine in dry acetone (28) gives some interosting informztion

concerning the electronic effects of the halogens.

constants are given here:

The rate



R=CgH4=CHp=Br
R: K x 107 1/g. mol. sec, R: K x 07%
20° 40° 20°¢ 40°
H 1,22 4,82
para F 1.48 5,78 meta F 0,95 3.62
" C1 1.27 5,10 " Ca 1.08 4,07
" Br 1.30 5.19 " Br 1,07 3077 i
" I 1.48 543 "I 1.4 4,13

It is to be noted that the velocity of all the meta halobenzyle
bromides is less than that of the unsubstituted parent, so that the
total effect is an electron attraction, and the order I>Br=Cl>F
shows that the E and M effecets are of minor importance from the
nota position, particularly in this side-chain rcaction. In addie
tion it 1s to be noted that the rates of theo para substituted com=
pounds are grcater than the unsubstituted parent; hence here, the
total poler offect 1s an elsctron releese by tho haloéon. The
order is F~I>Br> Cl, The ratio of the para velocities to the
nota give an idea as to tho extent to which the T effect operates
(since it is of minor importence in the meta position)s. The p/m

velocity ratios are:

at 20° 1,56 1.18 1,19 1.22
a0° 1,59 1,25 1.38 1.32
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Baker, however, in interpreting these values, accepts the order
F>C1>DBr>1I for the I effect only. (Also the same order for the
I effcct, as shovm from the K volues for the meta compounds).
Further, he states that the above data are consistent with the
order I>Br>C1l>F for tho E effect; that is, thc polarizability
vuries in that order. The fact that the rate constant for the
para iodo compound approximately equals that for the fluoro com=
pound indicates that the golqrizabilitg of the iodo compound is

high, while the polarization of the fluoro compound is high.

The stutcmont that the i effect decreases vhilec the & effect
increases in magnitude from fluorine to iodine is supported by
Biyrd and Ingold (29). Thoy measured the rates of nitration of the
halcbenzenes by acetyl nitrate in acetic anh}fdride at 18¢, and

found the following relative values (bonzene = 1)3  (Ph is CgHg)
PhF, 0.15; PnCl, 0,033; PhBr, 0,030; PhI, 0.18

Those values were confirmed qualitatively by Bonford and Ingold (30)
using a different experimental method., Tho fact that the rates

go through a minimum is explained by a greater polarization of the
fluoro compound (high M value), and by the greater polarizability
of the iodo compound (high & value). /ith reforcnce to Bennott's
statement (19), that the & und M effect "have a common origin®,
Incold replies that he "does not see that common origin necessitates

common behaviour". (29)

The present reviewor was unable to find any papers subsequent
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to this (1938) dealing dircectly with the order of tho L effect
.umong the halogens. Iﬁ is apparent, however, that the nost recent
authorities (i.ec., Remick, Ref. 4) ascribe the same order for both
the E and M effects, decreasing in magnitude from fluorine to
iodine. This conclusion was reached becuuse the mass of the
experimental data required it; the opinion of the authors whose
papers indicate the reverse order is now considered erroneous,
Although ample evidence has been presented in this historical

roview to support the conclusion that the T effeet falls in the

order F>C1>Br>I, there has boen given here only one explanation
as to why this should be so (19) and this’axplanatioh has boen
widely criticized by many chemists (13, 29). At the prosent time,
there is still no good explanation. A suggestion by Lewis (31)
night have a bearing on the subject (See Raf. 4, p. 57). Vhen

the halogens exhibit the +T shift of electrons, they form a double
bond with the carbon aton; and fluorine, being an clement in the
first period of the periodic table, is, according‘to Lewis, better
able to form doublec bonds than the other halogens, which are
further dovn in tho periodic table. Thus fluorine is better able
to form doublo bonds, and, therefore, gives up its eloctrons in a
+T shift with more ocase than the other halogens. (Compare the
oxides of carbon and silicon: in the forner we have double bonds

from oxygen to carbon, resulting in a discrete covalent moleculs,

) \ [
a gas. In silicon oxide, we have a space lattice of -%}-O-%i-o-%i-,



etc,, forming a hard solid, because presumably of silicon's
inability to form double bonds.) 'mie fact that iodine can form
morc than one bond to carbon (iodinium compounds) was used as
evidence that the +T offect for iodine would be greater, but this
argument would be invulid since these are not double bonds, .

In conclusion, 1t might be said that, while there is no
satisfying explanation for the observed fall in magnitude of the
+T offect in the halogens with increasing atomic weight, this is
en experimental fact, and can bc used to advantage by the theoretical
chemists The utility of this aspect of the inmglish theory is not

impaired by the lack of explanation for it, and its application
has found constant use in the elucidation and prediction of reoaction

mechanisms and in the interproctation of experimental data.



TIIEORETICAL
AND

DISCUSSION OF RESULTS

A study of the mechanism of vromatic cyclodehydration was
recently made by Bradsher and Vingiello (1, 2) who studied the
rates of cyclization of ketones of the o=benzylphenone type to
give 9esubstitutoed anthracenes, The values for some of the rate

constants of the ketones which they investiguted areo given in

Table I,
TABLE I
’ R? R*
CH 1
OMOEE
&
R ‘ R
R: R': X (.t x 1072
p-liethylphenyl Hydrogen 4.2
p-Bromophenyl | " 4.2
Jp=Chlorophenyl " 4.1
D=Fluorophenyl " 2.8
Phenyl " 4.4
Phenyl Methyl 13,

Phenyl Phenyl 13.



A comparison of the rates of the paraesubstituted phenyl ketones
showed that regardless of whether an electron attracting or an electron
releasing group be present in the para position, the rates were the
same, within the probable experimental errér, as the parant unsube-
stituted phcnyl ketone. The lone exception to this was the p-fluoro
ketone which cyclized at a significantly slower réte; this will be
discussed in more detail later.

The fact that both eleetron releasing and electron attracting
substituents gave essentially the same rate led these investigators to
the conclusion that the overall rate of tho recaction was controlled by

two rate determining stops of opposing electrical requirements.
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Thus they indicated "that a decrcase in the effcctive positive
character of the central carbon atom of the conjugate acid (II)

would lead to a lower ratc of cyclization of that acid (II—>1IV)."
(1)o Such a decrease in the positive character of the central carbon
atom would be effected by an electron releasing group in the phenyl
ring. This canclusion was also reached by Berliner (33), who,
hovever, failed to recognize the following fact, An clectron release
ing group would, however, also increase the electron density of the
carbonyl oxygen, and so the cquilibrium (I = II) would shift to

tho right (34), thus increasing the concentration ofrthe conjugate
acid (II) and accelerating the overall rate (I—+1IV), The depen=
dence of the overall rate on the hydrogen ion concentration (33)
showed that this rote was dependent on the position of the
cquilibrium (I 2 1II), thus supporting this latter postulatc. An
electron attracting substituent would have just the opposite effect
on these two stops (1,9., shift the equilibrium in step ono to the
loft and thus decreasing the concentration of the conjugato acid,

but at the same time increasing the positive character of the carbonium
ion, and thus facilitating 1its attack on the ortho position of the
upper benzene ring.) If the opposing oloetrical requirements of
these two steps were exactly compensating, then the overall rate
would be independent of the nature of the substituent on the phenyl
gronp, providing, of course, all other factors arc held constant.

As it has beén pointed out, this was true experimentally with the



-29 =

outstanding exception of the para~fluorophenyl ketonc. As Dradsher
end Vingiello stated (1): "The significance of tho lower rate shovn
by the fluorophenyl ketone is not clear, for the decreasing order
of the eloctron rolease of the various substituent groups, as
indicated by the ionization of the para-substituted benzoic acids
(35) appears to be CHz>H>F>Cl>Dr."
In considering an extension of this investigation in order
to clarify some of the problems involved, the following rcasoning
ves applied. Since tho halogens fall into the electronic category
I, +T, and since the T effect operates strongly from the para
position but only weakly from the mecta position, it was thought that
valuable information could bo obtained if the rates of the correspond-
ing meta substitutcd kctones could bec studied. Any change in the
rate of cyclization of these ketones would be principally due to the
I offect only, divorced {rom the complicating opposing +T effect,
Further, if it wore possibliec to propare ketones with very strongly
eloctron rcleasing, or olectron attracting properties in either the
Dara or the meta position, Q study of the effect those extreme
. properties might shed some light on the mechanism of the reaction.
Vinglello (Ref. 2, p. 63) prcpared 2-benzyle-4'emethoxybenzophenone,
but could not isolate any solid material from the attempted
cyclization of this compound in the standard acid mixture (hydrobromice
acetic acids). For this rcason it seemed unwise to attcmpt the
preparation and cyclization of the corresponding mcta mcthoxy ketone.

A consideration of thc various possible strongly clectron attracting



or releasing substituents with regard to the practicability of
synthesis and compatibility with tho mothod of rate measurement
seamed to oliminatoe all but the trifluoromethyl group for pur-
poses of studye.

The major porticu of this investigation, theroforec, was
devoted to the syntheses of and rato measurcmonts on 2-benzyl-3'-
substituted benzophenones, vhere the substituent is methyl, fluoro,
chloro, bromo, and trifluoromethyl; and also 2-benzyl-4'- trifluoro~
mothylbenzophencne.

Among the other ketones whoso rates were studied by Bradsher
and Vingiello (1, 2) were o-benzoyltriphenylmethane and o-benzoyl-
1,1-diphenylethane (Formula I, Chart I: R is 0685 and R' is 0635 and
Cd3, resp.). Both of theso ketoncs ﬁad a rato constant of 13 x 1072
hrst! which is an increase in the rate over that of the ketone where
R' 15 B (o-benzylbenzophenono, K s 4.4 x 1072 hrs.”t). This in-
crease in tho rate was explained on th; basis of an increased
electron density at the ortho position at which cyclization takes
place, or, alternatively, in the case of the triphenylmethane
dorivative, on a statistical basis, since there are four ortho
positions (instead of two) in this compound, leading to an increase
in the probability of the reaction. It should further be noted that
the steric factors in thése compounds are not thoe same as in the
remainder of the compounds studicd, and this might also alter the

rates somevhat. As a result, it was concluded that in these casos

the rate of cyclization depended upon the steric nature of R and R',



the electron density at the ortho position of the benzene ring into
wvhich the conjugate acid cyelizos, und the number of such ortho
positions,

Thoe obvious way to test these conclusions would be to prepare

ketones of the following type with substituents in ring A:

SA0]
* )

Thus for example, a methyl group ortho or para to the methylcne bridge
would be meta to the point of cyclization, and hence in both of these
compounds the mecthyl group would presumebly have the sanc electronic
effoet upon the point of cyclization. Ilowover, with the methyl group
para to tho methyleno bridgo, there ure two ortho positions into

which cyclization can take place; whercas with the mothyl group in

the ortho positicn, we find that there is only one ortho position
available for cyclization. Hence it would be predicted that on a
statistical basis, the latter (ggggg) would cyelize slower thun tho

formor (para). then tho methyl group is mcta to thc bridge, it is
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- *Hercaftor in the discussion, ring A will be referred to as the "upper"

ring, while ring B will be called the "lower" ring.



para (clso ortho) to the point of cyclization, and hence should
inerease the electron density on that ortho position to an even
greater extent so thut cyclization schould take place morc rapidly. -
If, hewever, a trifluoronethyl group, or some other strongly electron
attracting group, should be placed in this position, or in t;ny posie
tion in tﬁe upper ring for that matter, the rate of cyclization
should be markedly ld::erod.

Having decided upon the ketones to be studied, attention was
turnoed to ncthods of synthecsis. Since none of the ketones, and few
of the intermediates leading to these kotones, had been nrepared
before, the problem of synthesis was a very real onc. For the
. syntheses of thc kctones with substituents in the lover ring the
two paths uscd by Vingiello (2) proved satisfzctory. Thus for the
.synthcses of 3'«R'-2<bonzylbenzophcnones vhere R' is nethyl, me
(and p-) chloro-, m= and p-trifluoromethyl and hydrogen, the sequence
of roactions diagramned in Chart II (R is 1) was uscd.

The Grignard reagent of bromobenzene wias allowed to react with
o-chlorobcnzaldehyde to give o-chlorobenzhydrol (V)*, in 87.3%
vield, This hydrol was reduced to tho corresponding diphenylmethane
(VI) in 90% yield, by the use of red phosphorus and iodine in acetic
acid., By the use of a von Braun reaction (cuprous cyanide in anhydrous

pyridine at 250°C) the chloro compound was converted to o-cyanodiphenyle '

- E @ e e B M > B B @ B B G ® S B WD @ S @ B S W P T S P ® > -

*The Roman numerals refer to the compounds listed, in order, in the

experimentul section.
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mothanc (VII) in 71 % yicld. 7The reaction of this nitrile with the
appropriate Grignaid reagent (in threo molar cxcess) gave a ketimine,
thich vas hydrolyzed to the corresnonding kctone by heating under
reflu:': trith dilute (2 N) hydrochloric acid. The Grignard reagent
prepared fron n-iodotolucne and thic nitrilo gavo the 3'-methylphenyl
ketone (XIV) in 49.5 ¢ ylold. Tho meta-chlorophenyl ketono (XII)

mas prepared by Hannabass (36) in 59 §5 yield, and the para-chloro-
rhenyl kotone (X) wms preparcd by iascy (37) in 80 ¢ yicld, follow-
ing the dircetions of Vingicllo (2) using this method. The n-tri-
fluoromothylphonyl ketone (XVII) was obtained in 96 ¢ yiecld, and the
D-trifluoromethylphenyl ketono (XXIII) was obtained in 61 ¢ yileld from
the corresponding m=- and p-bromobenzotrifluoride through the Crignard
rcaction. The synthescs of these intcrmodiates was accommlished

in the followring manner,. g—fmﬁnobcnzotrifluorido vras obtained from
the Iooker Ilcetrochemicals Company, and was converted into the
bromo conpound by ncans of fhc Sandmeyer reaction, bascd upon the
nethod torked out by Shiclds and iallcrctein (38). For tho
preparation of tho para amalog, the process vms rore lengthy. The
sequeonce of reactions was that given by Jones (39) and is diagrammod
in Chart IITI. Difficulty was had in attonpting to repeat tho work
of Jones, marticularly in the first step, the dircet bromination.

In scveral of the runs, the rcaction rixturc polymﬁzed near the

end of thc rcaction, genorally twrith tho dovblopnont of heat. Very

poor yiclds of the product trere obtainod in these cases (0-55). It
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was found, however, that the reaction proceeded rather smoothly if
a large electric light were placed near the flask. ‘.’ith this modi-
fication, and the carcful purification of the p-nitrotoluene and
the use of a reaction temporature about five degrees less than that
cmployed by Jones, a yiold (46.53) of the p-nitrobenzotribronide
approaching that of Jones (58)) was obtained. In the treatment

of this‘ latter compound with antinony trifluoride it was found
necessary to have pure starting matorials in order to obtain a
roasonable yield (61%3). The quality of the antimony trifluoride

1s said to have a pronounced effect upon the yield (40); here the
technical gradec was usced. The reduction of the nitro group with

stannous chloride, and the replacement of the rosulting amino group

with bromine through tho diazonium reaction was accomplished in



87,55 and 60;5 yields respectively, to give p~-bromobenzotrifluoride.
A difforent routc to the 3'=bromo and 5'-—fluoro-2-benzy1benzo-
phanones wias required since the above route would require the
formution of the mono-Grignard rcagent of medibromobenzene (or
n-iodobromobenzene), and because tho required bromo (or iodo)
fluorobenzene was not easily available., This method (See Chart IV)
was also developed by Vingiocllo (2) and used by Hannabass (36) for
the prepuration of the bromo kotone vhich was used in this investi=-
gation. Tho mothod starts with the preparation of o-bromobenzoic
acid from either o-bromotoluene by permanganate oxidation, or
from anthranilic acid through the sSandmeyer rcaction. This acid
is then convorted to the acid chloride and this uscd in a
Friedel-Crufts reaction with benzene to give o-bromobenzophenone.
The reduction of this ketonc by nmoans of red phosphorus and hydroiodic
acid will produce _Qobromodiphenymef;hane, vhich can be used for the
syntheses of a number of %etones. In the prepuration of 3'-bromo-
2-benzylbenzophenone, Hannabass (36) used mebromobenzoyl bromide,
(Eastman Kodak Company) which whon aliowod to rcact with the
-Grignard rcagent prepared from o-bromodiphenylmethane, will give
this ketone dircctly. The preparation of tho corresponding fluoro
kotonc procecded in the same manner: mefluorobenzoyl chloride
was allowed to react with the same Grignard reagent to give 3'=
fluoroe2«benzylbenzophenone in 43.5% yield. In this case, the acid
chloride was obtained from tho acid by the action of phosphorus
pentachloride, and the acid was in turn obtained by the alkaline
permanganate oxidation of me=fluorotoluenc. The o-bromodiphenylmethane
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was o?tained from Hannebass,.

Tho first seaueonce of rcactions above is also applicable for
the preparation of ketones with substituents in the upper ring,
providing that these substituecnts will not interfero with either
the Grignard reaction, the reduction step, or the von Braun rcaction.
These rostrictions immediately eliminute chloro, bromo, nitro, amino,
carboxyl, and carbonyl groups. But the fluoro, methyl und trifluoroe
methyl groups wiould not be affccted, uand can, therefore, bo used

in the syntheses., By boginning the sesuecnce of reactions with the
roaction between o-chlorobenzaldchyde and the Grignard reagent from
the appropriately substituted bromobenzene (or iodobenzeme), this
series (Chart II) of reactions will give 2-cyano-o', m', or p'e
substituted-diphenylmethanes, from which the phenyl ketonc can be
obtained easily. This series of reactions was, therefore, carried
through five more times giving the kotones substituted in the upper
ring with o-methyl (XXVIII) memothyl (XIIII), p-methyl (XLVIII),
m-trifluoromethyl (LIII), and p-fluoro (LVIII). In nearly all

cases the yields were greater than 75%; the details of these
experincnts arc given in the experimental section. It is interesting
to note, however, that the trifluoromethyl group was not hurmed

by the rathor vigorous treatment of the vorn Braun reaction (250° for
24 hours): 2-cyano=3'=trifluoromethyldiphcnylmethane was obtained
in 78,55 yield.

The preparation of 2~cyano=4*-fluorodiphenylmethane warrants



closer exaninution, Since this compound vas prepared in 63.5%
vicld from 2echloro=4'-~fluorodiphenylmethane, it became apparent
that the action of the cuprous cyanide in the von Braun reaction
was largely on the chlorine atom, and not on the fluorine. This
fact could not have been predicted with certainty before the
rcaction had’actually been run, The preparation of this compound
wuas carried out through a different sequence of reactions involving
an aryl cadmium reagent in order to test the applicability of this
sequenco in synthoeses of this type, and also incidentally to give
further proof (beyond that of the elemental analysis) of the

structure of the compound. This new sequence is diagrammed with

the first sequence in Chart V. The Grignard reagont from.gfpromo-
fluorobenzene was prebared by the usual reaction with magnesium
turnings in ether, and the magnesium compound then converted to
bise(p~fluorophenyl) cadmium simply by the addition of anhydrous
cadnium chloride to tho rcaction mixture. The aryl cadmium was

then allowecd to react with oebromobenzoyl chloride (XXVI) prepared
as described above, in bonzenc solution to give z;bromo-4'-r1uoro-
bonzophonone (IX) in 51 yield. Tho use of the cadmium reagent here
was indicated, beczuse cadnium reagents are rcportod (41) to be less
reactive than magnesium aryls towards carbonyl groups, und, therefore,
genorally give higher ylields of kotones vhen allowed to react with
acid chlorides. This same benzophenone has been prepared in 457

vield (44) by the action of p-fluorophenylmagnesium bromide on



Ketone
IVIII




42

O-bromobenzonitrile, followed by the hydrolysis of the resulting
ketimine, and could presumably also be prepared by the Friedele
Crafts reaction betuecn o-bromobenzoyl chloride and fluorobcnzenoc.
The use of the Friedel=Crafts reaction in syntheses of the type
involved here, however, whero the position of the substituent must
be unequivocally knowm, is unsatisfactory, Further thc Friedele
Crafts method would be of no use in tho preparation of, for cexample,
2-bromo«-3'=flucrobenzophcnone, whercas the synthetic route through
the cadmium reagent could be used. The cadmium reagent thus has
several advantages, and has been used subsequent to the above
prepuration, by other members of the present rescarch éroup (42),

The 2=-bromo-4'efluorobenzophenone wus then reduced to 2<bromo-
4'«fluorodiphenylmethane (47% on a 10 g, run) and when this compound
vas subjected to tho von Braun reaction, the bromime atom wus replaced
by tho cyano group to give 2-cyano=4'efluorodiphenylmethane (627)
showm to be identical to the same material prgpared from 2-chloro-
4'=fluorodiphenylmethane (63.53) by refractive index measurements.
The obvious extension of this series of reactions, not undertaken
in the present work, would be the preparation of o=benzylbenzophenones
substituted in the upper ring with fluorines in the ortho and meta
positions, and perhaps chlorine in the ortho, meta and pars. The
preparation of theso chloro compounds would be contingont upon the
question of whother, in a von Braun reaction, the cyano group would
roplace the bromo atom to tho exclusion of the chloro utom. Although

vhen a moleculo with chlorine and fluorino is subjected to the reaction,



.

the chlorine is removed preferentially, there is less reason to
believe thet this wtould hold correspondingly in the case of
chlorinec «nd bromine, since there is less difference in reactivity
between chlorine und bromine than there is between fluorine and
chlorine. This remains to be secn, however,

After the syntheses of the ketones had becn accomplished,
a small amount of cach (about ono gram) was converted to the anthracene
by heating it under reflux in the acecticehydrobromic acid mixture for
periods varying from a few hours to several days, depending upon the
ease of conversion of the particular ketone. Thc anthracene generally
soparated out when the solution was cooled, und was filtered off,
purified and characterized.,

The ratc measurements were then underteken. An exact
description of the apparatus used, the matorials, and mcthods of
measurcnent is given in the exporimental part of this thosis, but
a brief account of the mothod is in order hore, A small amount of
the kotone was weighed into the reaction tubes, a measured quantity
of the acid mixture then pipctted into the tube, the kotone brought
into solution by gentle heating to the boiling point. The time was
taken, the tube cupped and placed in the constant temperature bath.
At the end of an appropriute time interval, the tubes were cooled to
about 100° and opened, the contents poured into a small beaker, theo
erystallization of the anthracene induced by scratching the beaker,
and the beaker placed in a constant temperature cold room for a

period of several hours. The anthracene was then filtored off,



washed with watef, and dried to constunt weirht, A correction for
the solubility of the anthruacene in the cyclizing mixture was made
by putting thc anthracone itself through the same process, and
detcrnining the loss in weight by difference, The corrected yleld
of anthracane was then used in conjunction with the time interval
to calculate the ratoc constant from tho usual first order equation.
Details for each ketone are given in the exporimental section,

and tho results arc summarized in Table II,

These results heve substantially verified tho conclusions
reached in thc earlier research into the problem. Let us first
exanine the effoects of substituents in tho upper ring on the rate
of cyclization. From Table 1I, we can sec that the introduction
of a nothyl group into the uppor ring causes an activation of that
ring to the clectrophilic carbonium ion by tho increase of olectron
density in the ring. In all of the nethyl compounds, the rate of
cyclization is greester than that of the unsubstituted oebenzylbenzoe=
phenones This is to be expected from the knoxm+I cffcct of the
nethyl group. When the methyl group 1s para to thc point of cycliza-
tion, moreovef, w@ note that there is a vory great increase in the
rate. This 1is 1g 1lino with the knowvn +T effect of tho mecthyl group
causing orthoepara direction in electrophilic substitution in the
benzene ring.

It was thought that since the para methyl -compound above had
two ortho positions into which cyclization could teke place, that

it would cyclize at a faster rate than the ortho methyl compound above,



w45 =

Rate of Cyclization of Some Substitutcd o-Benzylbenzophenoncs.

CHp
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R: R': K x 10~2 hrs.-L
H - H - L4
H - B‘Cﬂa - L4
H - n-F - 5.3
i - m-Cl - 5.3
H - m=Br - 5.0
i - n-CTg - 6.4
R - poE, - 9.3
oCH, = H - 15.4
mm, - oH . 0.
pCH; - H - 13.8
p_-CFB - H - Does not cyclize in 10 days.
PF - H - Docs not cyclize in 3 days.



which has only one such ortho position. An cxamination of the results
shows, however, that the ortho compound cyclizes at a slightly faster
rate than the pargs tith the present information available, it is
only possible to surmise that therc nust be somo prcferred orien=
taution in the molecule which would aid the reaction, due to the
ortho methyl group. The fact that thc ortho methyl ketone is a
sol;d, wvhile the para ketone is a liquid, shows that there is some
difference in the intramolecular forces in the two compounds. If
tho probablb error in the measurcront of the rates is taken into
consideration, there 1s a difforence between t§e rates for these
tvo ketones which is less than one hupdredth of a reciprocal hour.
This small difference, compared to the diffcrence between these
ketones and the meta substituted ketone (tvo reciprocal hours) is
insignificant, and does not overshadow the electronic interpretation
of the reaction given above.

In line with the fact that elecetron releasing groups in the
upber ring accelerate the rate of reaction is the fact that
electron attracting groups retard the reaction. The substitution
of the vory powerful electron attracting trifluoromethyl group para
to the point of cyclization reduced the rate of rcaction to such an
extent that no cyeclization prodhct could be isolated'from the
reaction mixture after moroc than ten days hcating. The material
obtained from the recaction mixture at the cnd of this time was
identified as unchanged kotone. Likewise, the substitution of an

electron attracting fluorine atom meta to the point of cyclization
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also strongly inhibits the reaction. In this case no anthracene
could be isolaoted from the reaction mixture after hcating for over
three days; egnin the naterial wes identified as unchanged kotones
In order to prove that the latter two ketonos actually did
not cyclize, it was necessary to identify the material isolated
from the rcaction mixture at the end of theo reaction time. Since
both of these ketones were liquids, this identification was best
accomplished through the preparation of derivatives. By this
means, & rather rough determination of the amount of ketone remaine
ing after the rcaction was also possiblo., Because of the highly
hindered nature of the carbonyl group, the preparation of the usual
carbonyl derivatives eiﬁher proceeded in very poor yields, or failed
entiroly. (Sce for example, Bachmann, (43) who, in order to prepare
the oxime of o=tolyl p-biphenyl ketone, which is less hindered thean
the ketones here, required 48 hours of heating under reflux, to
obtain at best only a 755 yield.) It has beon shovm by Kasey (37)
that o<benzylbenzophenones could be oxidized in almost quantitative
yvield to the dikectones, derivatives of o-dibenzoylbenzene. The
oxidation of the ko@ones in question was carricd out by mecans of
acid dichromate, and pave the diketonoes in yields of about 95%.
The matorial obtained from the reaction mixturc after treatment for
soveral days (by ncutralizing the acid, extracting the organic
matter with ether, drying the ethor solution cnd recovering tho
organic nmatter by evaporation of the other) was oxidized in the

above mannor, and tho product so obtauined compared (mixed melting



point) with the dikctone obtained by oxidizing the purc ketones
Tho structures of theso diketones were proved by preparing them
through a different route: the oxidetion of 3*'=trifluoromethylel=
benzylbaenzophenone gave the same dlketone as the oxidation of 2«(3e
trifluoromcthylbonzyl)=-benzophencne; likewise, the oxidation of
4'<fluoro-2=benzylbenzophenono (37) cave the same diketone as the
oxidation of 2e(4=fluorobenzyl)ebenzophcnone,

The above ovidence thus supports the conclusion of Vingiello
and Bradshor, who stated that the rate of cyclization of ketones

of this type would depend upon the eclectron density at the ortho
position in tho benzene ring into which cyclization takes place.

Lot us now oxemine the effects of the various substituents in
the iower ring on the rate of cyclization. The values obtained
in the prosent work arc compared with the values obtained in the
earlier work in Table III, The fact that these two sets of data
arec ccmparable was established by the redeterminstion of the valuos
for the rates of cyclization of two of the ketoncs which were reported
in the earlior work. The values for the rates of o=-banzylbenzoe
phenone and 4'=chloro=-2-benzylbenzophenone agreed with the values
proviously obtained for these rates (2).

One of the outstanding features of this series of rate cone-
stants is that thore 1s very little numerical difference in the
rate constants when substituents with such widely differing
clectronic effects us the trifluoromethyl group and the nethyl group

are present. (In the uppor ring, it will be remembered, those groups

A



TABLE ITI

Rataes of Cyeclization of Comc 5'- and 4'-Substitutced-2~bonzyl-

benzophenones .
CH,
c=0 .
X
X: K x_10"%nrg.~1
*
rF - 2.8
A
p-cl - a1
2_31' - ) .2*
2—-@3 - 4 .2*
E‘C}{s - 4 .4
hs - 4 - W
E—Br - 5 .0
E-F - 5 8¢
E'CF:; - 6 .4
2-CF5 - 9 .5

*
Values from the carlicr work (1, 2).

L
75'Rc:detorminecl for comparison in this work.



cause a tremendous rctarding and accelerating effcet, respectively,
on the rate.) This fact corroborates the statement of Bradsher
and Vingiello that the overall rato of the rcaction was depcndent
on two rate deternmining steps of opposing elcetrical rcquiremonts.
The electrical effcet of any subsﬁituant which would accelerate
one step in the reaction would retard the other; the compensating
effects of these two steps would serve to nullify any rctardation
or acceleration, and the rate of the oversll reaction would remain
cssentially unchanged.

Thore is, howeveor, a generel trend in the rcaction rutes of
thé ketones studiod in the prosent work whick shows thut perhaps
tho socond stop in tho reaction is sligntly more suscoptible to the
offects of the substituents than tho first step is. As we change
from the unsubstituted ketone to the kZetones containing the halogens
in the meta position, we {ind a slight increase in rate. This can
be interpreted as being caused by the ~I nuture of'tho substituent.
uith the meta trifluoromethyl group, there is a stronger I effect,
and correspondingly a slight increase in the overall rate of
cyclization. “hen this trend was noted, it was predicted that the
.éggg trifluoroncthyl group which oxerts not only a strong =1 effect,
but also a strong =T effect (45) would cause a largor jump in the
rate of reaction; this prediction was borne out by experiment. It
is also to be noted that the ratcs for ketones in which a +T effect
can oporate ars slower then those cases whero this effect cannot

operate. low it nust be pointed out that these differonces are
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indeed small, whereas theo differences in the electrical effocts of
the substituents are by comparison quite large. This point emphasizes
again that it is the compensating naturo of the two steps in the
roaction which is the major factor; otherwise the following fact
would be difficult to explain: the unsubstituted ketone, the ketone
with strongly clectron attracting substituents (chloriﬁe and bromine
in tho para position) and the ketonc with an electron relcasing

croup (methyl) all cyclize at the same rate.

i/hen the work (1, 2) which precceded the present investigation
was donc, the significance of the louer rate shown by the para-
fluorophenyl kotone was not clear., If the criterion for the order
of dec¢reasing clectron release of the various substituents vore
the strengths (3) of the corresponding para substituted benzoic
acids, then fluorine would be found in the nmiddle of the scriess
CHz>H>F>Cl1 >Br,

In the 1light of the facts prcsented in the present work, this
value for thefluoro ketone is not out of line. The rosults of the
present work show that fluorine in the mcta position, with its large
=1 effect, actually increases the ratc of cyclization slightly.
Since the tautomeric cffecct does not oporate significantly from the
nota position, it follows that the precsonce of the tautomeric effect
operating from the para position would seen to bec tho cause of the
slower rates The objoctioh to this argument is, of course, that if
the +T effcct slowed the second steop, vhy then does it not corresponde

ingly speced the first step (i.0., shift the equilibrium to the right)

and nullify any change in rate?
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The answer to this question may be found in a closer analysis
of the probleh. It is to be noted hore that step two might be
considered a nucleophilic attack by the ortho position of the upper
benzene ring on the carbonium ion, and hence the +E effeoct of the
fluorine would not be culled into play since it would not aid the
reaction, The #1 effcct, being a permanent polarization of the
molecule, would, hovever, serve to impedclthis step (Rkef. 4, p. 59).
The +l1 effect of the fluorine atom is larger than thut of any of
the other hologens in a neutral molecule, lloreover, in the present
case, we find that there is a full positive charge on the carbonium
ion, and the +M effect of the halogens‘is undoubtedly considerably
enhanced by this charge. This would result in a relatively
significant contribution of the form on thc right below to the

resonance hybrid of the carbonium ion:

\(Ezm . \c-cﬁ
N
B [
F——
A
22 5.
(+)

It can be plainly seen that any contribution of such a form
would lower the clectropositive character of the central sarbon
atom, and hence slow the rate at which it would attack the upper
benzene ring. The fact that fluorine is better able to donute its

electrons in such a shift as shovn above than any of the other

halogens, coupled with the experimental fact that the fluoro ketone



cyclizes slower than the other halogenated kctonss, would indicate
that only in the case of fluorine is this above resonance form
strong onough to overcome tho componsating nature of the two
steps in the rcaction.

The statement thut the slower rato of cyclization of the
fluoro ketons is duo to its large +M effect might be objected to
on the basis that normally fluorine excrts a predominant electron
attraction, and not an clectron release. This objection can be
met, it is felt, with the argument thut here the +M effect is
magnified by the prosonce of the positive charge of the carbonium
ion, and the increase in the +lI effect in this case would reverse
the normal electronic naturc of the fluorine atom by ovorshadowing
tho inductive effcete Thero arc cases comparable to this quoted
by Alexander (47) where it was necessary to postulate that the
ii offect appeared to outveigh the inductive (Ig) offect.

Several examples showing tho extreme degreo which tho #T effect
of fluorine has on the properties und reaction velocities of its
compounds have alrcady been given in the historical section. The
outstunding example given there is the cffect of the halogen atams
in the para and neta position on the rate of hydrolysis of benzyl
chlorides (p. 18). In all cases, the rates of the halogenated
compounds are slower than that of the unsubstituted compound, with
tho exception of the pgra fluoro compound. Here the rate is almost
twice as fagt as that of the parcnt compound, Since the hydrolysis

is thought to be facilitated by a +T shift, these figures show that



only in the case of fluorine in the parag position is tho T effect
strong cnouch to speed this reaction so that the rate is faster
than that of the unsubstituted compound,

It may be possible that this same factor (increase in the a
effcet) is partially responsible for the similurity in rates of the
para-chlorc, para~bromo, mothyl ond unsubstituted ketones, by
acting in the halogenated ketones to nullify the large =1 effecct,

Since the [l effoct of the methyl group is of hypcrconjugative
origin, its nagnitudo is cuite small by comparison to thut of the
halogens. This fact, and the fact that the $E effecct 1s not called
into play in the second step of the reaction, may be the reasons
why no difference is noted in the rates for the me and pemethyl
kotones. Any small differcnce here, and between these koetones and
thoe unsubstitutod kotone are not noticed presumably because of the
compensating action of the two steps 'in the reoaction.

In conclusion, Ve may say that the present 1nvostigation (a)
confirms the statement of Bradsher and Vingiello that the rate
of cyclization of the kctones is dependent upon the electron
density at the ortho position in the upper ring into which cycliza-
tion takes place, (b) corroborates thoir statcment that the rate is
depcndent upon two rate determining stens of opposing electrical
roquirerments, but shows that these two opposing factors are not
exactly compensating, (¢) cxplains why 4'-fluoro-2-benzylbenzo=
phenone cyclizes at a slower rate than tho other ketones studied by

shoming that tho magnification of the +M effoet of the fluorine by



a full positive charge serves to slow the reaction by acting in step
two of the roaction, end finally (d) indicates that the steric

requirements of the rcaction are important.
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EXPERIMENTAL(2»2)

o-Chlorobenzohydrol. (V)(c) A Grignard reagent was prepared

from 37 g. (1.54 moles) of magnesium, 242 g, (1.54 moles) of bromo=-
benzene in ca, 400 ml. of ether, using a crystal of icdine as catalyst.
When the magnesium had gone into solution after about an hour of heat-
ing with stirring, the solution was cooled and a solution of 109 g.
(G.78 moles) of o-chlorobenzaldehyde in ca. 100 ml. of ether was

added dropwise with stirring. After the addition, the mixture was
heated under reflux with stirring for about an hour, was then cooled
in an ice bath, and decomposed with the equivalent amount of ice~cold
20% ammonium chloride. The ethereal solution was poured off, and the
residue extracted twice with fresh ether, the combined ether solutions
then were driea over calcium chloride. The ether was £hen evaporated
and the residue distilled, the fraction coming over at 179-1800/8 ma.
being collected (Lit.(48) 163-176°/5 mm.). The viscous, colorless

1liquid solidified almost immeciately; yield 146.5 g., 87.3%.
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(a) All melting points are corrected.

(b) All the analyses reported here were done by the llicrd.’ech Labora-
tories, Skokie, Illinois except the ones marked with an asterisk,
which vere done by the Oakwold Laboratories, Alexandria, Va,

(¢) Roman numerals I-IV refer to formulas in Chart I.
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o-Chlorodiphenvlnethane., ~- (VI) A slurry of 139 p. (0.64 moles)

of gfchiorobenzohydrvl, 23.2 g. (0.75 noles) of red phosphorus, and
23.2 p. of iodine in ca. 14CC. ml. of glacial acetic acid and 200 ml,
of water was heated with stirring uncer reflux for thirty hours. The
mixture was then cooled to room temperzture and the phosphorus filter-
ed off, The filtrate was then poured into twice its volume of water,
and the acid neutralized with sodium carbonate. The organic matter
was extricted with ether, and the ether solutions combined and washed
with 1C3 agueous socdium hydroxide until the iodine color was removed,

“washed with water, anc then cried over calcium chloride. The ether
was removed by cistillation at atmosypheric pressure, and the resicue
fractionated. The fraction coming over at 141-143°/5 mm. was collect-
ed (Lit. (48, 2) 138-142°/5 mm.; 144°/5 mm.). Some mechanical losses
incurred lowered the yield to 9C.0 g. (7C%).

o-Benzylbenzonitrile., ~— (VII) A mixture of 90.C g. (C.445 moles)

of o-chlorociphenylmethane, 48 g. (Co.54 moles) of cuprous cyanide, a
few crystals of anhycrous cupric sulfate and approximately 50 ml., of
byridine which had been dried anc distilled froa barium oxide, was
heatec in a metsl bath for 24 hours at 25C°, The pyridine was allowed
to distil off slowly thru 2 tall air condenser. At the end of this
heating tine, the flask was ecuipped with a von Braun aistilling head
and a crude distillation of the rroduct was made at 4 mm. pressure,
The distillate was cooled and poured into dilute ammonium hydroxide.
This mixture was extracted with ether, and the combined ether extracts

washed with 2 N HC1l twice, and then with water twice, and finally dried
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over calcium chloride and concentrateé. The residue was cdistilled, and
the fraction coming over at 146-154°/2 mn, (Lit. (48) 160-164°/4 mm.;
(36) 153-154°/3 um,) was collected. The yield was 61.2 go (7L.4%).

o-Benzylbenzophenone, =— (VIII) A Grignard reagent was prepared

in 200 ml. of ether from 25.4 g. (C.187 moles; of recistilled bromo- |
benzene and 4.55 g. (C.187 moles) of marnesium. After the magnesium
had gone into solution, the ether was cdistilled off and replaced with
dry benzene., ‘'vhen the temperaturé of the varors reached 70°, 12 g,
(0.0623 moles) of o-benzylbenzonitrile in 2(C ml. of dry benzene was
added in one portion., The solution was heated under reflux with
stirring for 18 hrs., cooled and hydrolyzed with 20% ammonium chloride
solution. The benzene solution was pourec off, and the residues ex-
tracted with fresh benzene. The combined benzene solutions were heat-
ed under reflux with 200 ml. of 2 I HC1 for 2C hrs. The layers were
separated, washed with 10% NaOH, twice with water, and then dried over
CasQ,. The ether was distillec off, and the resicue fractionated, the
portion coming over at 212-214°/4 mm. weighing 13.9 g. (82.2%). This
material was recrystallized from ethanol, and had a melting point of
5556 (Lit, (2) 51-52°),

9-Phenylanthracene. == (IX) Five tenths of a gram of the above

ketone (VIII) was hcated in the standard acid mixture for 27 hours.
On cooling, C.32 g. of the anthracene crystallized out (68%). The
crystals were filtered off, recrystallized from ethanol, and had a
melting point of 152-153° (Lit. (2) 151-152°),
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L *=Chloro-2~benzyloenzophenone., = (X) This compound was ob-

taine¢ from R. A. Kasey (37). 1t had a melting point of 72-73° and

was used in Control sun #2, cyclizing to 9=(4-chlorophenyl )-anthra-

cene (XI),

3'~Chloro-2-benzylbenzophenone. =- (XII) This compound was ob-
taine¢ from Hanuabass (36) who prepared anc purified it for this in-
vestigation, It boiled at 222-224°/5 rm,

9-(3-Chlorophenyl )-anthracene. ~—— (XIII) The above ketone

(U.45 go) was heatecd in the standard acid mixture for 24 hours.

/hen the solution was cooled, (.25 g. of the anthracene crystallized

out., (71,2%) Recrystallized from ethanol, it had a melting point

(133-134°) which agreed with that found by Hannabass (36).
3'-Methyl-2-benzylbenzophenone, — (XIV) A Grignard reagent

was prepared from 51 g. (C.234 moles) of redistilled m~iodotoluene

and 5.6 g. of mégnesium in dry ether. In this run, a rather consid-

erable amount of magnesium did not go into solution after two hours

of reflux, Then 15 g. (0.U78 moles) of the o-benzylbenzonitrile in

ca, 200 ml. of cry benzene was added. The ether was allowed to dis~

til off, and the solution heated uncer reflux with stirring for four-

teen hours, It wzs then decomposed with dilute hydrochloric acid

and then placed in a flasi witi: 200 nl. of 2 N HC1 and heated under

reflux with stirring for 9.5 hrs. The benzene was distilled off, and

the resicdue fractionated, The fraction coming over at 212f215°/3,5 mm,

(Lit. (36) 205-206°/3 ma.) was a viscous yellow oil, and weiphed

10.6 g. (49.5%).



9-(3-fethylvhenyl )-anthracene. — (iV) Considerable difficulty

was experienced in the cyclization of the above xetone in order to
obtain a crystalline procuct. Several attempts to crysta[lizg the

oil obtained from the usual cyclization procecure (varying lengths of
reflux time) were unsuccessful. The use of phosphoric acid in acetic
acid gave no crystalline procuct., Chromatography on alumina using
hexane gave a colorless fluorescent oil fram which no crystalline
materizl coulc be obtained, The successful attempt is described here,
Two grams of the ketone (XIV) was heated in 125 ml. of the stancard
acic mixture for a~total of 49 hours. (n cooling this solution slowly,
a heavy black oil separatec., This oil was thick encugh to filter off;
it was washed once vith water, taken up in ethancl, and the solution
charcoalled to 2 light yellow color. The solution was concentrated,
and then cooled in a c¢ry-ice acetonc bath. 1his treatment precipi-
tated a tan material which, when it warmec¢ up to room temper:ture, was
cuite gumny. The mother licuor fron this treatment, stancding at room
temperzture overnight cerositecd amber crystals, which melted at ca. 85°,
‘Using these crystals as seec, no subsecuent cifliculty was had in
getting the anthracene to cristallize directly from the cyclization
mixture. Recrystallizec four times from 2 mixture of foridc acid and

ethanol, the anthracene melted at §7-$3.5°,

Anal, Calc'd. for CoyHjg: C, 93.99; H, 6.01.

Found: C, KV.84; H, 6.10
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m~Bromobenzotrifluoride. —— (XVI) This compound was preparesd by

the method used by Shields and Wallerstein (38), a Sandmeyer reaction
on the corresponding amine. The procedure is as follows: Into a
solution of 40 g. of copper sulfate pentahydrate and 33 g. sodium
bromide in 264 ml. of 48% hydrobromic acid in a one 1., round bottom

| flask was placed 22,5 g. of copper turnings, and the solution was
boiled for thirty minutes. Then 75 ml. of water was added, and the
boiling continued until all the copper dissolved. This solution was
then filtered through glass wool into a boiling solution of 75 ge.
(0.465 moles) of m-aminobenzotrifluoride, 197 ml. of 48% HBr in 1150 ml.
water, contained in a three liter round bottom flask which could be
equipped with a reflux condenser or a stirrer as needed. Then to this
solution there was added a solution of 64.5 g. of sodium nitrite in
320 ml. of water, dropwise and cautiously with stirringf The reflux
condenser was then attached, and the solution allowed to cool to roam
temperature and then put into the refrigerator at 0°., The organic
layer was separated, taken up in ether, and the aqueous layer extracted
twice with ether and then discarded, The combined ether solution was
washed with 10% NaOH, and then with water, and then dried over calcium
chloride. The ether was distilled off and the residue fractionated.
The bromo compound was collected at 151-154°/710 mm. (Lit. (38) 151~
152°). It weighed 71.1 g.(67.5%).

3!-Trifluoromethyl-2-benzylbenzophenone. — (XVII) The explora-

tory work on this compounc was done by Hannabass (36). A Grignard
reagent was prepared in ether from 38.3 g. (0.17 moles) of grbromb—

benzotrifluoride and 4.1 g. (0.17 moles) of magnesium. The reaction



started in within two minutes, and reouired only half an hour of
heating uncer reflux before all the magnesium had disappeared. A
solution of 11 g. (0.057 moles) of o-cyanodiphenylmethane in benzene
was added rather rapidly and the ether allowed to distil off. The
benzene solution was heated under reflux with stirring for 15 hrs.
The solution turned dark red soon after the addition of the nitrile
and remained that way overnight, with no sign of a precipitate. The
solution was then cooled and decomposed with the theoretical amount
of cold ammonium chloride., The benzene solution was poured off, and
the residue extracted twice with fresh benzene, and the combined
benzene solutions heated under reflux with stirring, in contact with
20C ml, of 2 N HC1 for 22 hrs. The benzene layer was then separated,
washed with 10% NaOH, then with 2N KCl, finally twice with water and
dried over CaSQ,, concentrated and fractionated., The material coming
over at 195-198°/3 mn. weighed 18.7 g., which corresponds to 96.5% of

the theoretical amount,

Anal. Calcd, for 021H150F3: C, 7Th.11; H, 4.44.
Found: C, 74.16; H, 4.63.
9~(3-Trifluoromethylphenyl )-anthracene, -~ (XVIII) The above
ketone was cyclized in the ﬁsual manner, 0,42 g, of the ketone yield-
ing 0.27 g. of the anthracene (66.9%) after 16.25 hours of heating.
The anthracene, when crystallized from ethanol melted at 116~-117°
(Lit. (36) 116-117°),



Analo CBlCd. fOI‘ 621“13F3: c’ 78'18; H, 100070
Found: C, 78.45; H, 4.08

p-Nitrobenzotribromide., - (XIX) In a 500 ml, three necked flask,

equipped with a dropping funnel, stirrer, and an air condenser with
efficient gas trap, was placed 96 g. (0.7C moles) of redistilled
p-nitrotoluene. The flask was about one half immersed in a metal bath
maintained at 190-195°, and a 200 watt uncoated tungsten filament‘bulb
clamped into position so that it was about 0.5 cm. from the flask.

The stirrer was started and 280 g. (1.75 moles) of bromine added over
the course of two hours., At the beginning, dropping the bromine in

at the rate of about two drops a second resulted in half of the bromine
being added during the first 45 min., leaving an hour and fifteen
minutes for the second half of the bromine to be added. The rate of
addition of the bromine during the second half of the reaction was
necessarily slower, sinéé it was not taken up as rapidly. Within

two minutes after the addition of the last of the bromine, the brown
vapors in the top half of the flask had cisappeared, and there was
only a very small amount of hydrogen bromide detected coming {rom the
"reaction mixture, The melt, a dark amber thin oil, was then poured
into a porcelain pan, and allowed to cool. It was then dissolved in
about three liters of ligroin (or petroleum ether) (65-105°), leaving
about ten grams of a brown solid undissolved, The solvent was then
distilled off until about 8CO ml. of the solution remained. This was
cooled to 5°, and the greenish white salid filtered off and dried. It

weighad 172 g. This material was dissolved in 50C ml. of warm methanol
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and poured slowly with rapid stirring into one liter of ice water,
The white precipitate was collected, and washed with water, being
careful not to allow the solid to form a cake by being sucked dry,
The wet solid wes then added to a solution of sodium hypobromite
prepared by adding 180 g. of bromine to a solution of 180 g. of
sodium hydroxide in 1500 cc. of water. As the material stood at

room temperature for two to three days, it became more crystalline
and flocculent, The solid was then filtered off, and recrystallized
twice from methanol, yellow flakes, m.p. 87-880, 120 g., yield, based
on the nitrotoluene, 46.5% (Lit. (39) m.p. 86~87°, 58%).

p-Nitrobenzotrifluoride, =- (XX) An intimate mixture of 85 g.

(0.23 moles) of pure p-nitrobenzotribromide and 50 g. (0,275 moles)
of antimony trifluoride (technical grade, not sublimed) was placed
in a small flask to which was attached a large-bore air condenser

set for distillation, and this connected to a small flask with side
arm so that a vacuum could be applied. The receiving flask was
cooled by neans of a stream of cold water, and a gas trap cooled in
an ice-salt bath placed between this flask and the vacuum system,

The mixture was warmed gently with a free flame at atmospheric
pressure; a gentle exothemic reaction took place., When this reaction
had subsided, the flask was heated again so that some of the material
distilled over. The pressure was then reduced to about 3C mm., and
the remaining material in the flask distilled over., The distillate
was then dissolved in a mixture of ether and 6 N hydrochloric acid,

the ether layer separated and washed with a large excess of 6 N sodium
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hydroxide solution. A large amount of antimony salt came out of
solution with this treatment, and then most of it redissolved as

the antimonate salt., The ether solution was then dried over magnesium
sulfate, concentrated, and the residue distilled. The material com-
ing over at 80-82°/10 mm. was collected; it weighed 26.8 g. (61%).
Lit. (39) 81-82°/10 mm.

p-Aminobenzotrifluoride. —— (XXI) A solution of 20.9 g. (0,129
moles) of p-nitrobenzotrifluoride in 82 ml. of concentrated hydro-
chloric acid and 55 ml. of ethanol was heated to about 60° on the
water bath., Then there was added 110 g. of stannous chloride dihy-
drate in portions over the course of 30 minutes. There was a slight
exothermic reaction and the solution turned yellow, The solution was
allowed to remain at 60° for another half hour, after which it was
poured onto a mixture of 400 g. of ice, and 250 ml. of 36% sodium
hydroxide solution. This amount of base was just sufficient to dis~
solve all of the tin as the stannite. The organic matter was extracted
with ether, and the ether solution dried over magnesium sulfate, con-
centrated, and the residue distilled. The amine distilled at 82°/11 mm.
(Lit. (39) 83°/12 mm.) The yield was 15.3 g. (87%).

p-Bromobenzotrifluoride. — (XXII) Forty and two tenths grams

(C.25 moles) of p-aminobenzotrifluoride in 75 ml. of 48% hydrobrémic
acid (0.67 moles) was cooled to O° in an ice-salt bath. Then a solu-
tion of 17.5 g. of sodium nitrite in 30 ml. of water added rather
rapidly until near the end point, which was detected by means of

starch~-iodide paper. Because the amine hydrobromide was in the form
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of lumps, it was necessary to break these up before the reaction was
complete. The temperature during the diazotization was kept below
10° by the addition of small pieces of ice. Msanwhile, 19.8 g. of
cuprous bromide (prepared by the method of Snyder and Wicks (50)) in
20 ml. of 48% hydrobromic acid was heated to boiling in a one liter
3-necked flask, squipped with dropping funnel, stirrer and condenser
set for distillation. About 2 g. of sodium bisulfite was added to
ensure the complete reduction of the copper. When diazotization was
complete, a portion of the diazo solution was added to the dropping
funnel, the remainder of the solution being kept cold until needed.
The product steam distills off and is collected, In this run, it ap-
peared that some of the amine hydrobromide had not been diazotized,
and so a solution of 1 g. of sodium nitrite in 10 ml. of water was
added to the boiling mixture; more product distilled over, Water
was added through the dropping funnel to replace that lost as stean,
and the solution boiled until no more organic matter came over (about
800 ml. was collected). The distillate was cooled, and the heavy
organic matter separated. The aqueous portion extracted with ether,
and the ether and organic matter combined, washed with water, twice
with 107 sodium hydroxide, twice with water, dried over calcium sul-
fate, the ether distilled off, and the residue fractionated. The
portion coming over at 152-155°/713 mm. (Lit (39) 160-160.5/745 mm.)
weighed 32.2 g., 60% of the theoretical. About 10 g. of high boiling
material remained; this was not starting material.
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2-Benzyl-) '-t rifluoromethylbenzophenone. — (XXIII) A Grignard

reagent was prepared from 32.2 g. of p-bromobenzotrifluoride (C.1l44
moles) and 3.5 g. (0.144 moles) of magnesium in 150 ml. of dry ether.
The ether was replaced by dry benzene, and when the terperature of the
distilling vapors reached‘70°, 10 g. (0.052 moles) of o-benzylbenzo-
nitrile in 50 ml. of benzene wss added in one portion., The solution
was heated under reflux for 26,5 hours. The solution was reddish brown
vhen the Crignard reagent was formed; this did not change color until
the final product was isolated. The solution was cooled, and hydro-
lyzed with ice cold 20% ammonium chloride solution to the end point.
The benzene solution was roured into a liter flasx. The residue was
extracted with fresh benzene, but this was apéarently not sufficient
to rerove all the color from the residue, so the resicue was dissolved
in dilute hydrochloric acid, and this solution extracted with benzene,
The combined benzene solutions were heated with 20C ml. of 2 N HCl for
22 hours, with stirring., The layers were separated after cooling, and
the benzene layer washed four times with water, then with 5% sodium
carbonate, anc then twice with water. ‘ashing with stronger base
caused the formation of an emulsion. The benzene layer was then dried
over CasQ,, and concentrated. After a solid fore-run, the portion
from 175-182°/1.7 ma. was collected, nearly all of the material coming
over at 182%, It weighed 10.8 g., 61% of the theoretical amount. He-

distilled in a smaller flask, the ketone came over at 169-17¢°/0.9 mm.

Anal. Calc'd. for 021H150F3: C, Thslls H,  Ludbs
Found: ©, 74.,20; H, 4.52



9—(4-Trifluoromethylphenyl )-anthracene. -~ (XXIV) The cyclization

of the above ketone was carried out in the usual manner with no dif-
ficulty at all. A 61% yield of the anthracene is obtained in 10 hours
in the standard acid mixture., - Recrystallized from ethannl, the an-

thracene melts at 2C5-206°,

Anal, Calc'd. for CyHjgF3: C, 78.18; H, 4.07.
Found: C, 78,50; H, 4.13

o-Bromobenzoic acid. — (XXV) Thirty-one grams (0.18 moles) of

o~bromotoluene was placed in a 2 1, flask, in which there was a solu-
tion of 57 g. (0.36 moles) of KMnO), and 10 ml. of 10% NaOH in one liter
of water. The mixture was heated with stirring under reflux for four
hours., The reflux condenser was set downward for distillation and

the excess toluene distilled off; about 20% of the toluene was recover-
ed. The hot solution was filtered, the filtrate acidified, cooled and
the acid filtered off, washed with water and dried. It weighed 19.4 g.,
or 54% of the theoretical yield, based on the original amount of
toluene used. The melting point was 145-147° (Lit. (49) 149°). The
firét filtrate above was still colored, indicating incomplete reaction.
The amount of acid produced was adequate for the purpose and so the
reaction was not repeated,

o~Bromcbenzéyl chloride., —— (XXVI) A mixture of the above acid

(19.4 g., 0.0967 moles) and phosphorus pentachloride (21 g., 1.008
moles) were warmed gently in a small flask. !hen the exothermic
reaction had subsided, the liquid now in the flask was heated with a

small free flame under reflux for one hour. The phosphorus oxychloride
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was distilled off at atmospheric pressure, and the residue distilled
under reduced pressure; 16.4 g. of the acid chloride distilled at
116-117°/9 mm. (Lit. (32) 125°/20 mm.) This amounts to 78% of the
theoretical amount. |

o-Bromobenzophenone., — (XXVII) The preparation of this com-
pound and its conversion to o-bromodiphenylmethane (XXVIII) was done
by Hannabass (36).

3 !'-Bromo-2-benzylbenzophenone., -~ (XXIX) This compound was ob-

tained from Hannabass (36) who prepared and purified it for use in
this investigation. It boiled at 220-221°/3 mm,

9-(3-Bromophenyl )-anthracene. -- (XXX) The above ketone was

cyclized in the usual manner without difficulty, 17 hrs. of heating
giving a 54% yield. Recrystallized from ethanol, the anthracene ap-
peared to be a mixture of two crystalline forms, needles and plates.
After about four recnystallizations, the needles were the only form,
and these had a double melting point: 128-130° and 138-140°., (Lit.
(36) 135-137°) |

Anal. Cale'd for Cpplh3Br: C, 72.08; H, 3.93.
Found: c, 72.3’; H’ 3096

3-Fluorobenzoic acid. -- (XXXI) The permanganate oxidation of

m-fluorotoluene was the method of Holleman and Slothouwer (51) as
modified by Cohen (52), further modified by the addition of 2 ml, of

1 N NaOH to the reaction mixture. This gave an 80% yield, based on the
amount of toluene actually used (15% of the toluene was recovered),

of the acid melting at 123,5° (Lit. 124°) without recrystallization.
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3-Fluorobenzoyl chloride. — (XXXII) Into a flask containing

dry m~fluorobenzoic acid, and equippec vdth a reflux condenser with

" drying tube and HCl trap, was added cuickly an eruimolecular amount
of solid PClg. The reaction proceeded at once, and within a few
minutes a clear yellow licuid was left. This was heated in a water
bath for about thirty minutes, anc then allowed to stand for two
hours. Cn fractionally cistilling phosphorus oxychloride came over
arounc 1000, and the fraction distilling at l79e180°/720 ma, was col-
lected. The highest yield of the acic chloride was 84%. The method

was used by Cohen (52) who gave no experimental cetails,

39-Fluoro-2-benzylbenzorhenone. = (XXXIII) A Grignard reagent
was prepared fron 45.7 g. (G.185 moles) of o-bromodiphenylmethane and
4,6 g. of magnesium, The flask had been baked out over a free flame
with dry nitrogen passing in, and a crystal of iodine sublimed over
the magnesium., The reaction started quickly and within 1.5 hours most
of the magnesium had disappeared, contrary to the usual rate of reac-
tion reported for this compound. Refluxing the mixture overnight did
not appreciably change the amount of unreacted magnesium. The Grignard
solution was siphoned into a separatory funnel with nitropen pressure
and the flask rinsed twice with dry benzene, and this added to the
Grignard solutioni. The excess magnesium was then washed out of the
flask with dry benzene, and 26,3 g. (C.166 moles) of m-fluorobenzoyl
chloride in 2CC ml, of benzene plzced in the same flask, The Grignard
was then added rather rapicly, the ether cistilling out of the flask
during addition (the temperature‘of the flask was 40-5(° during the

addition).. The mixture was heated under reflux with stirring overnight,
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and then cooled in an ice bath and hydrolyzed with saturated, ice-
cold ammonium chloride solution to the equivalence point. The solu-
| tion was poured off, and the residues extracted with fresh benzene
until white. The combined solutions were washed with 10% NaOH twice,
then with water, and then dried over Drierite. The benzene was re-
moved at atmospheric pressure and the residue fractionated, the mate-
rial coming over at 170-180°/1 mm. amounted to 23.3 go (43.5% of the
theoretical), On redistillation, 19.3 g. (36%) came over at 174-176°/

1 mm, An analytical sample was taken at 174°/1 mm,

Anal, Calc'd, for CpoHysOF: C, 82.735; H, 5.21,
Found®: C, 82,78; H, 5.53,

9-(m-Fluorophenyl )anthracene, -~ (XXXIV) Two and three tenths

grams of 3'-fluoro-2-benzylbenzophenone was weighed into a 2CC ml,

flask and 1C0 ml. of "acid mixture" added. The mixture was heated

under reflux for 66 hours, The ketone went into solution at the start
of reflux to give a clear yellow solution, which darkened at the end

of the reflux time, with the formation of black solid particles. The
flask was cooled to room temperature and then put into the ice-box.

Long needles and flat plates crystallized out. These were filtered

off ‘and washed with water and recrystallized from 95% ethanol (charcoal).
The yield of pale yellow parallelopipids was 1.3 g. (60%) and when re-

crystallized twice more, melted at 143,5-1aa,5°,

Anal, Calec'd. for 020H13F: C, 88.21; H, 4.81,
Found®*: C, 88.,22; H, 4,78,
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2-Chloro-2 '-methyldiphenylcarbinol. -- (XXXV) A Grignard re-

agent was prepared from 17.1 g. (0.1 moles) of o-bromotoluene and

2.4 go (0.1 moles) of magnesium in ca, 20C ml. of ether. When the
magnesium had disappeared a solution of l4.l g, (0.1 moles) of
o-chlorobenzaldehyde in 100 ml. of ether was added dropwise. The
mixture was then heated under reflux overnight, then cooled and de-~
composed with cold ammonium chloride solution. The ether solution

was poured off, and the residues extracted with fiesh ether. The
combined ether solutions were dried and concentrated, and the residue
distilled. The portion coming over at 179-184°/L.8 mm. (mostly at 183°)
weighed 15.4 g. (66.5%). This material solidified almost immediately,

and vhen recrystallizedvfrom 50% ethanol-water, melted at 113.5-114.5°,

Anal. Cale'd. for Cy;Hj30C1: C, 72,25; H, 5.63.
Found: €, 72.84; H, 5.73

2-Chloro-2 ‘-methyldiphenylmethane..~— (XXXVI) A slurry of 96.5 g.

(0,412 moles) of the above carbinol, 14 g. (C.45 moles) of red phos-
phorus, and 14 g. of iodine in ca, 1000 ml. of glacial acetic acid was
heated under reflux with stirring for 39 hours. The mixture was then
poured into twice its volume of water, and the acid neutralized with
sodium carbonate. The organic matter was extracted from the water and
inorganic material with ether, and the combined ether extracts washed
with 10% sodium hydroxide to remove the free iodine, amd then with
water, and finally dried over calcium chloride. The ether was removed

at atmospheric pressure, and the resicdue distilled. The fraction
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coming over at 159-159.50/9 mm. on the first distillation amounted to
68.4 g. (76.6%), An analytical sample was taken at.159°/9 mm. on a

third distillation,

Anal, Calc'd for Cj3;,Hy5Cl: C, 77.59; H, 6,05,
Found: C, 77.,87; H, 6.13
2-Cyano-2'-methyldiphenylmethane, ~- (XXXVII) A mixture of 23.3 g.

(0.1075 moles) of 2-chloro-2'-methyldiphenylmethane, 11.7 g. (0,13
moles) of cuprous cyanidg, a trace of anhydrous cupric sulfate and
about 50 ml. of dry pyridine was heated at 250° for 22 hours, allow=-
ing the pyridine to evaporate fram the air condenser. The mixture was
then subjected to a crude separation by a von Braun distillation at
1 mm. The distillate was poured into 100 ml. of 1l:1 ammonia, and the
ammonia then extracted with ether. The ether extracts were combined
and washed with 2N HC1l, twice with water, and finally dried over cal-
cium chloride. The ether was evaporated and the residue fractionated,
the material coming over at 171-175°/6 mm. (most of the material came
over at 174-175°) being collected. The colorless licuid was viscous
and highly fluorescent, and weighed 17.2 g. (77%).

Anal. Calc'd. for CygHygli: C, 86,91; H, 6.32.
Found: C, 86.86; H, 6.42,

2-(2-Methylbenzyl )-benzophenone., -~ (XXXVIII) A Grignard reagent

was preparec from 27.3 g. (0.174 moles) of bromobenzene in 2C0 ml. of

ether and 4.18 g. (C.174 moles) of magnesium. Most of the ether was
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evaporated off, and a soluti;n of 12 g. (0.C58 moles) of 2-cyano-
2'-methyldiphenylmethane in 100 ml. of benzene was added ¢ ropwise,
There was no immediate evicence of reaction, but the clear solution
gradually became cloudy, and atter about two hours, insoluble particles
could be seen. There was no apparent change in the apnearance of the
mixture after four hours, but the mixture was heated under reflux and
stirred overnight (about 17 hours.). The mixture was rwﬁrolyzed with
the theoretical amount of colc ammonium chloride solution, and the ben-
zene solution poured oftf. The residue was extracted twice with fresh
benzens, and the combined benzene solutions heated with stirring, under
reflux, for sixty hours, until the imine hydrochloride which had ap-
peared and was insoluble in the benzene layer, had disappeared., The
benzene léyer was separated, washed with water, dried over calcium
chloride, concentrated, and the residue fractionated. A pale yellow,
very viscous oil, came over at 228-23C°/5 mm., and solidified almost
jinmediately. It weighed 14.0 p. (84.3%). The solid was recrystallized

from hexane, m.p.-35-86°,

Anal, Calc'd, for CyHig0: C, 83.08; H, 6.33.

Found: C, 88.,48; H, 6.31,
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1-Methyl-10-phenylanthracene. -~ (XXXIX) The above ketone was

cyclized in the usual manner in the standard acid mixture. (0.51 g.
of the ketone in 20 ml. of acid mixture for 15 hours gave C.43 g. of
the anthracene (9C,1%). The anthracene, crystallized from ethanol,
melted at lbh-lCAOSO.

Anal, Calc'd. for CojHjg: C, 93.99; H, 6.CL.
Found: C, 93.70; H, 6.li.

2-Chloro-3!-methyldiphenylecarbinol. ~- (XL) A Grignard reagent

was prepared in the usual manner I'rom 65.4 g. (0.3 moles) of m-iodo-
toluene and 7.2 g. (U.3 moles) of nmagnesium in 6CC ml. of ether. A
small amount of magnesium was left after 3 hours of reflux. To this
solution was added dropwise a solution of 28,2 p. (0.2 moles) of
o-chlorobenzaldehyde in 20U ml. of ether. The reaction was exothermic,
and a sediment was formed as the reaction progressed. The mixture was
heated with stirring for three hours, anc then allowed to stand over-
night. Decomposition was a2ccomplishec with ammonium chloride solution
(less than the theoretical omount was recuired). The ether extract
was washed with 1(€ sodium hydroxide and then water, the ether was
concentrated, snd the residue distilled. After 5.5 g. of a fore-run,
35.2 g. of amber licuid was collected at 161-163°/2 mm. amounting to
76% of the theoretical amount. The licuid solidified and was crystal-
lized from hexane, m.p. 56.5-57.5°.

Anal, Calc'd. for ClAHlBOCl’ C, 72.25; H, 5.63,

Found: C, 72.36; H, 5.76
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2-Chloro-3¢-methyldiphenylmethane, == (XLI) A slurry of 23.3 g.

(0.1 moles) of 2-chloro-3'-methyldiphenylcarbinol, 4.3 g. (0.l4 moles)
of red phosphorus, andvh.B g. of iodine in 250 ml. of glacial acetic
acid was heated uncer reflux with stirring for 30 hours. The phos-~
phorus was then [iltered off, the filtrate poured into 15CC ml. of
water and the acid neutralized with a concentrated solution of sodium
hydroxide. The iodine color disappeared and a flocculent white pre-
cipitate formed. The organic matter was extracted w;th ether, the
ether solution was washecd twice with water, and firally dried over
calcium chloride., The ether was distilled off, and the residue dis-
tilled, the portion coming over at 155-156°/7.4 mm. being collected.
This amounted to 16.8 g., or 788 of the theoretical. 'Cn redistillation,
the boiling point of the colorless oil was 151-153°/7.5 mm. An ana~

lytical sample was taken at 152°/7.5 mm,

Anal, Calc'd. for CpH.Cl:i C, 77.59; H, 6.05.
Found: C, 77.80; H, 6.10.

2-Cyano-3'-methyldiphenylmethane, -~ (XLII) To 12.8 g, (C.059

moles) of 2-chloro-3'-methyldiphenylmethane in a 50 ml. flask, there
was added 7.0 g. (C.C78 moles) of cuprous cyanide, a trace of anhycrous
cupric sulfate, and 10 ml. of pyridine.freshly distilled from barium
oxide. The flask was ecuipped with an air condenser, and placed in a
metal bath raintained at 250° for 21 hours, allowing the pyridine to
evapor;te from the top of the condénser. A crude von Braun distil-

lation was carried out on the mixture, and the distillate poured into



dilute ammonium hycdroxide, extracted with ether; washed with water,
dried over calcium sulfate and concentrated. The residue yielded 8.2 g
of viscous licuid boiling at 167-169°/5 mm. which is 67.1% of the
theoretical amount. On redistillation, a boiling range of 165-165.5%/

4.5 mm. was obtained.

Anal. Calc'd, for CygHjsN: C, 86.91; H, 6.32.
Found: C, 87.05; H, 6.27,

2-(3-Methylbenzyl)-benzophenone, -~ (XLIII) A Grignard reagent

from 15,2 g. of bromobenzene and <.3 g. of magnesium (C.C972 moles.each)
was prepared in 200 ml, of ether, iost of the ether was distilled off
and 6.7 g. of 2-cyano—3‘-methyldiphénylmethane (0.0324 moles) in

1(C ml. of benzene was addec¢ rather rapidly (5 min.), to give a clear
amber solution. The mixture was stirrea and heated under reflux for

28 hours, after which it was cooled and hydrolyzed with the theoret-
ical amount of 20% ammonium chloride sclution, !The benzene solution
was cdecanted to a 1 liter flask, the white precipitate washed three
times with fresh benzene, and the ccabined benzene solutions was

heated uncer reflux with 2(C ml. of 2 N. hydrochloric acid for 18 hours,
The layers were separated, and the benzene layer washed with 1U% sodium
hydroxide, then twice with water, and then c¢ried over calcium chlorice.
The benzene was then cistilled off at atmosrheric pressure, and the
residue fractionated. The portion coming over at 193-196°/1.2 mm.

was a yellow oil with a green fluorescence, and weighecd 7.? go (85;5%)0,

On redistillation, 5.5 g. of material distilled at 191~191.5°/1.5 mm.
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Anal, Calc'd. for CyHjg0: C, 88.08; H, 6.33.
Found: C, 87.98; H, 6.47.

2-Methyl-1C—phenylanthracene. -— (XLIV) The above ketone

(0.39 g.) when heated for 20 minutes in the stsndard acid mixture
gave a 93% yield (U.34 g.) of the anthracene, which when crystallized
from ethanol, melted at 1190.. This agrees with the melting point
reported in the literature (53),

2-Chloro- *-methyldiphenylcarbinol, ~- (XLV) A Grignard reagent

was prepared from 6 g, (0.25 moles) of magnesium and 42,7 g; (C.25
moles) of p-bromotoluene in 6(0 ml. of dry ether. The yield was con-
siderably improved when the flask was baked out before the reaction
over a frec flame with a stream of dry nitrogen paséing through the
system, and the amount of coupling was reduced by using the dilute
solution above, After the heat of reaction had subsided, the Grignard
solution was heated unaer reflux for one hour, then cooled to room
tempercture. A solution of 28 g. (C.2 moles) of o-chlorobenzaldehyde
in 3C0 ml. of dry ether was added rather rapicly, thus maintaining a
vigorous rate of refluxing. The mixture was then heated uncder reflux
for sixteen hours, and then cooled in an ice bath, and decomposed to the
equivalence point with ice—cold 2U% ammonium chloride solution. The
ether solution was poured off, the residue extracted once with fresh
ether, and the combined ether solution evaporated off, and the residue

fractionated., After a fore-run of 8 g. which consisted mostly of



solid coupling product, the colorless viscous oil boiling* at 173-1750/
6 mm. was collected. Yield 29.8 g. (64%).

2-Chloro-4 '-methyldiphenylmethane, ~- (XLVI) A slurry of red

phosphorus (6.4 g., G.16 moles), iodine (6.4 g.), 2=-chloro-i "-methyl—
diphenylcarbinol (29.8 g., G.128 moles) in 300 ml. of glaciai acetic
acid was heated -under reflux, with stirring, for 36 hours. The cooled
mixture was filtered, the flask and filter rinsed with fresh acid,

the solution ciluted with 800 ml. water, and the acid neutralized with
solid sodium carbonste. The solution was extracted with ether, and

the ether solution washed twice with 10% NaCH, twice with water, and
finally dried over CaSQ,., The ether was removed by distillation, and
the resicue fractionated, the colorless licquid coming over at 146-147°/
6 mm, being collected. The yield was 16.4 g. (59.2%). An analytical
sample was taken on a subsequent distillation of a sample combined from

two runs at 146°/ 5 mm,

Anal, Calc'd. for Cy) Hj5Cl: C, 77.59; H, 6,05,
Found: C, 77.85; H, 6.0L.
2-Cyano-; '=methyldiphenylmethane, —— (XLVII) In a 200 ml. flask
was placed 25.5 g. (C.1178 moles) of the corresponding 2~chloro com-
pound, ca. 13 g. of cuprous cyanide and a small crystal of anhydrous

cupric sulfate, with about 25 ml. of dry pyridine. This mixture was

% Cohen (ref. (54)) prepared this carbinol by reducing the correspond-
ing ketone with aluminum amalgam, and gave a melting point of 67°. The

attempt made here to crystallize the oil was unsuccessful.
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heated in a metel bath maintained at 250° Tor 22 hours% with an air
coolead condensér to allow the slow evaporation of the pyridine. The
reaction nixture was then cooled and subjected to a crude distillation
in a von Braun flask at 4 mm.- The cdistillate wes poured into gé.

15C ml, of 1:1 NHAOH, stirred well and extracted with ether. The com~
bined ether extracts were washed twice with 2N HC1, then with water,
and then dried over Drierite. The ether was cistilled off, leaving

a clear fluid licuid which was fractionated. The portion coming over
at 165~l7l°/a,5 mm. with the greater portion coming over at 17C° was

collected on the first distillation. Yield 14.7 g., 60%.

Apal. Calc'd. for CygHjgN: C, R6,91; H, 6.32,
Found®*: C, 87.,20; H, 6,28,

2-(4'-Me enone. — (XLVIII) A Grignard reagent
was prepared fron 23,6 g. (0.15 moles) of bromobenzene and 3.6 g. (C.15
moles) of magnesium in anproximately lCC.ml. of ether, ost of the
ether was distilled off, and to the cooled solution was added 10.6 g.
(0.0512 moles) of 2-cyano-'-methyldiphenylmethane in 100 ml.-of dry
benzene.A‘The mixture was heated under reflux with stirring for about
18 hours. It was then cooled and decomposed with the efuivalent amount
of cold 20% ammonium chloride solution. The benzene solution was pour-
ed off and the residue extracted with fresh benzene until the residue
was white. The combined benzene solutions were heated with ga. 25C ml.
of 2N hydrochloric acid with stirring, and under reflux, for 17 houréo

The layers were separated, the benzene layer washed with 104 sodium



hydroxide solution, then with water, and then dried over calcium
chloride. The benzene was removed at atmospheric pressure, and the
residue fractionated, the portion distilling at 194-196°/1 mm. being
collected, The greenish yellow oil was fluorescent, and weighed

13.6 g. (95%), An analytical sample was taken at 121°/0.3 mm.

Anal. Cale'd. for CyHyg0: C, ag.ce; H, 6.33,
Found: ©C, 88.42; H, 6.36
3-Methyl-1C-phenvlanthracene. — (XLIX) The above ketone
(0.50 p.) was cyclized in the usual manner, 14.5 hours piviﬁg C.41 g.
of the anthracene (87.7%), Recrystallized from ethanol the anthracene
melted at 117-118°,

Apal. Calc'd. for CoyMg: C, 93.99; H, 6.01.
Found: C, 93.86; H, 6.C5,

2-C =3'-trif e « — (L) The reaction
between 49.5 g. (0.72 moles) of m-brornobenzotrifluoride (XVI) and
" 5.35 g, (0.22 moles) of mapnesium in 300 ml. of ether commenced im-
mediately, and all of the mapnesium had disappeared in 1,5 hours. A
solution of 28,1 g. (C.2 moles) of g-chlorobenzaldehyde in 250 ml. of
ether was added as fast as the strong exothermic reaction would allow.
The solution was brownish red, 1t was allowed to reflux overnight
(9.5 hours), and in the morning was a tan material, insoluble in the
ether, The mixture was cooled, and hycdrolyzed with the theoretical

amount of 3ce cold ammonium chloricde solution to the end point. The
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ether solution was poured off and the residue was extracted twice

with dry ether, fhe combined ether solutions were further dried with
calcium sulfate, the ether distilled off, and the residue fractionated,
After 1.4 g. of fore-run, there was collected 52:& g. (92.9%8) of mater-
jal boiling at 174-176°/5.8 mm. The colorless viscous oil did not
crystallize on standing at 0° overnight, and attempts to érystallize

it from ethanol and hexane were unsuccessful., An analytical sample

was taken at 164°/5 rm.

Anal. Calc'd. for CILH10001F3= C, 58.65; H, 3.52,
Found: C, 58.20; H, 3.59,

2-Chloro-3'-trifluoromethyldivhenylmethane. — (LI) A slurry of
46,0 g. of the above carbinol (C.162 moles), 7.4 g. (0.23 moles) of
red phosphorus and 7.4 g. of iodine in 450 ml. of glacial acetic acid
to which about 50 ml., of water was added, was heated under reflux with
stirring for 24,5 hours, The phosphorus was filtered off, and washed '
with fresh acetic acid. The filtrate was diluted with water, and the
acid neutralized with a concentrated éblution of sodium hydroxide in
water, The slightly basic solution was colorless and clear, with a
cream colored oil separatihg out on the bottom, The organic matter was
extracted with ether, and the ether solution washed, dried, and the
ether distilled off. Fractionation of the residue yielded only one
fraction: after three crops of fore-run there was collected 34.8 g.

(8¢8) of a slipghtly amber licuid at 134-135°/3,6 rm. An analytical

sample was taken at 125°/3.5 mm.
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Anal. Calc'd. for Cy HyCIF;: C, 62.12; H, 3.72,
Found: C, 62,00; H, 3.82,

2-Cyano-3'-t.rifluoromethvlidirhenylmethane, =- (LII) In a 100 ml.
flask was placed 27,0 g. (0.1 moles) of 2-chloro-3'-trifluoromethyl—
divhenylmethane, 13.5 g. (C.12 moles) of cuprous cyanide, about 0.0l g.
of anhydrous cupric'sulfate, and then about 20 ml, of pyridine was dis-
tilled from barium oxide directly into the flask, The contents were
well nmixed, an zir condenser was attached, and the flask placed in a
metal bath maintained at 250° for 35.5 hours. The flask was cooled
.slightly, and then attached to a von Braun distilling head; a crude
distillation was macde at 3 mm. The distillate was poured into dilute
ammonia and extracted with ether. On washing the ether solution with
2 N hydrochloric acid, a small amount of white, partially insoluble
material was evident; this p-rtially disappeared when washed with 10%
sodium hydroxide. The cther solution was then washed with water and
dried, The ether was distilled off, and the residue fractionated,
After five drops of fore-run 2C.4 g. (78.5% of the theoretical) of
the cyano combound was obtained as a colorless liquid with a strong
fluoresceﬁce in ultra violet light, and distilling at 135.5-136°/1 mm,

An analytical sample was taken at 134°/0,6 mm,

ﬁngl. Calc ‘d‘ for clSHIOFBN: C, 69.96; H, 3.326‘,
Found: C, 69.,08; H, 3,98,



2-(3-Trifluorome zyl)=b . — (LIII) A Grignard
reagent was prepared¢ from 75,2 p. of bromobenzene and 3,9 g. of mag-
nesium (0.16 moles each) in 20C ml. of ether, The magnesium disap-
peared in 1.5 hours. The ether was mostly distilled off, and renlaced
with benzene, About half of this was distilled off, and then 14 g,
(C.0537 moles) of 2-cyano-3'-trifluoronethyldiphenylmethane in 1CC ml,
of benzene was added rapidly. The solution gradually turned orange-
red in the first ten hours, after which there was little chanpe. The
mixture was heated under reflux with stirring for 22 hours, after which
it was cooled and hydrolyzed with 2C% ammonium chloride solution. The
benzene solution was roured off, and the residue extracted once with
fresh benzene. Since the residue still had a color to it, it was dis-
solved in water and extracted once with fresh benzene. The combined
benzene extracts were heated under reflux with stirring with 30C ml,
of 2N hydrochloric acid for 44,5 hours. The benzene layer was sepa-
rated, washed with water, dilute sodium carbonate, apain with water,
and then dried by azeotropic distillation. The benzene was all dis~
tilled off, and the residue fractionated., After the fore-run of dirhenyl,
there was obtained 15.3 g. (84%) of greenigh, viscous liquid distilling

at 185-126,5°/1 mm, An analytical samrle was taken at 170°/C.. nm.

Anal. Calc'd, for CpHycCFq: C, 74.11; H, 4.4k
Found: C, 73.74; H, 4.55.
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2-Trifluoromethvl-10-phenvlanthracene. —-- (LIV) Although
several cyclizing media were tried in the attempt to prepare this
compound fron the above ketone, no crystalline product could be’
obtained from the resction mixtures. (Concentrated sulfuric acid,
sulfuric acid-acetic acid mixture, 25% phosphoric acid, and phos-
phoric-acetic acid mixtures were tried.)

2-Chloro=4 *~fluorodivhenylcarbinol. ~- (LV) A Grignard reagent
prepared in 200 ml. of ether from 47,2 go (0,27 moles) of p-bromo-
fluorobenzene and 6.6 g. (C.27 moles) of magnesium turnings was
allowed to react with 35.2 p. (G.25 moles) of o-chlorobenzaldehyde in
2C0 ml. of ether which was added dropwise over the course of 3 hrs,
The mixture was stirred overnipht, and then heated to reflux tempera-
ture for one hour. It was then cooled to ice temperature and hydro-
lyzed with the thebretical amount of 20% ammonium chloride solution.
The ether solution was dried, concentrated, and the residue distilled,
The vortion which came over at 175-178°/6.8 rm. (nearly all at 178°)
Aweighed 42,3 p., 71.5% of the theorstical amount. An analytical

sample was taken at 170°/6.5 mm.

Ana), Calc'd for Cl3HIOOClF: C, 65.97; H, 4.26,
Found: C, 66,C0; H, 4.18,

2-C ' d o = (LVI) A slurry of 36.2 g.
(C.153 moles) of the above carbinol, 6.7 g. (0,224 moles) of red
phosphorus and 6.7 g. of iodine in 40C ml. of glacial acetic acid
was heated under reflux with stirring for 27 hours, At the end of

this time, the phosphorus was filtered off and washed with fresh
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acetic acid, Tﬁe acid solution was poured into 2 1. of water and
neutralized with a slurry of sodium hydroxide in water. The solu-
tion was cooled with ice during the process, and the temverature was
not allowed to exceed 40° during the neutralization process, A total
of two liters of ether was used to extract this solution, and the
ether extract was washed with 1C% sodium hydroxide solution to remove
the pink iodine color, and then washed twice with water, and finally
dried over calcium chloride. The ether was distilled off, and the
residue distille¢. The portion distilling at 149-154°/11 mm, was
collected. This amounted to 22,2 g. (66%), An appreciable residue

was left. An anzlytical sample was taken at 150°/1C.5 mm.

Anal. Cale'd, for CysHyoClF: C, 70,755 H, L.57.
Found: C, 7C.75; H, 4.55.
2-Cyano-4 '-Tluorodiphenylmethape. —- (LVII) (A) From 2-Bromo-

4 '~fluorodiphenylmethane (LXI). Four and seven-tenths grams of the

bromo compound (C.C177 moles) was treated with 1.8 g. (0,02 moles)

of cuprous cyanide in the usual von Braun reaction. (Trace of anhy-
drous CuSOy, 12 ml, of pyridine dried over barium oxice, air condenser,
250° for 24 hours.) A crude distillation was made at 4 mm., and the
distillate taken up in ether, washed sucessively with concentrated
ammonium hydroxide, 2N HCl, and then with water, and finally dried over
calcium sulfate, The ether was distilled off, and the residue
fractionated: 171-173°/8.2 mm. 2.3 g., 628, The refractive index

of this liquid was 1,5682,
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(B) From 2-Chloro-'~fluorodiphenylmethane (LVI), The exact

same procedure as above was repeated with the chloro compound: 17 g.
'(0.077~moles), and R,5 g. (0.095 moles) of cuprous cyanide, The
product distilled in the larger Spitz flask at 169-173°/4 mm. and

weighed 10.3 g. (63.5%8). The refractive index was 1,563,

Anal, Calc'd. for Cy WoNF: C, 79.60; H, 4.77.
Found: C, 80.,00; H, 4.73

2-(4~Fluorobenzyl )-benzophenone. -~ (LVIII) A Grignard reagent
was prepared from 17.9 g. (C.114 moles) of bromobenzene and 2.75 g.
(0.114 moles) of magnesium in 200 ml. of ether. The ether was re~
placed with 100 ml. of dry benzene, and a solution of & g. (0,0379
moles) of 2~cyano-4'~fluorodiphenylmethane in 10C ml. of benzene was
added rgpidly. The solution was heated with stirring under reflux
for 23 hours, was then cooled and hydrolyzed with ammonium chloride
gsolution. The benzene solution was transferred to another flask, and
the residue in the first flask extracted with fresh benzene until
white. The combined benzene solution was heated under reflux with
200 ml. of 2N HC1l for 33 hours. The benzene layer was separated,
washed with water, 5% sodiun bicarbonate, and then twice with water,
The benzene solution was then dried by azeotronic distillation, and
the residue fr-ctionated. After a fore-run of cdinhenyl, there was
obtained a viscous greenish-yellow oil at 193-1950/2 mm, The yield

was 9.8 g., or R9% of the theoretical amount.
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Anal. Cale'd, for CpgHysOF: C, 82,745 H, 5.21,
Found: C, 83.,07; H, 5,14

3-Fluqro-10-phenylanthraceng. -~ (LIX) Although several
cyclizing media were tried in the attempt to prepare this compound
from the above ketone, no crystalline product could be obtained from
the reaction mixtures. (Concentrated sulfuric acid, sulfuric acid-
acetic acid mixture, R85% phosphoric acid, and phosphoric-acetic acid
mixtures were tried.)

2-Bromo-4 '-fluorobenzophenone, — (LX) A 50C ml. three necked

flask ecuipped with a dropping funnel, reflux condenser, and mercury
sealed stirrer, containing 2.4 g. (0.1 moles) of magnesium and a
crystal of iodine, was baked out over a free flame, with a stream of
dry nitrogen passing through. The flask was allowed to cool, main-
taining the system dry by means of calcium chloride tubes. The mag-
nesium was covered with dry ether, and then 17.5 g. (0.1 moles) of
p-fluorobromobenzene in 1CO ml. ether was added slowly. The magnesium
practically all disappeared in an hour, at which time the solution

was cooled in an ice bath., Cadmium chloride, (Ref. 41) 9.2 g. (0.05
moles) which had been previously treated as described below, was added
in one batch. (The hydrated cadmium chloride had been dehydrated by
heating with a free flame in a large evaporating dish, had been kept
overnight in s drying oven maintained at 103°, ground to a fine powder
in a mortar and stored over anhydrous calcium chloride in a desiccator.)
Within 15 minutes, the solution had turned brown, anc the Gilman test
(46) was negative, The ether was distilled off until the residue was

nearly cry, and 5C ml, of dry benzene was added, and 25 ml. of this
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distilled off. Then 1CO ml. of benzene was added and the solution
heated to boiling. 16.4 g. of g~bromobenzoylchloride in 50 ml. of
benzene was added rapidly (2-3 min,) as fast as the refluxing from

the exothermic reaction would allow. Extérnal heat was applied to
maintain the refluxing for one hour. The solution was then poured
onto ice and dilute sulfuric acid. The benzene layer was separated,
washed with 10% NaOH, and then with water, and finally dried with cal~
cium chloride. After distilling off the benzene, the residue was
fractionated. The rortion which came over at 166-168°/h.8 mm. weighed
10.6 g. (51% of the theoretical) solidified in the flask. Its melting
point was 47-49° (Lit. (44) 49,5-50°),

* 2-Bromo— '~fluorodiphenylmethane, — (LXI) A mixture of 1C.6 g.

(0.038 moles) of 2~bromo-i '-fluorobenzophenone, 1C g. of red phosphorus,
and 10 ml. of hydroiodic acid (ca. 47%) was heated under reflux, with
stirring, for 44 hours. The mixture was then cooled, extracted with
ether, the phosphorus filtered off, and washed with ether, The com-
bined ether solutions were washed with 10% sodium hydroxide, and then
two times with water, and finally dried over calciunm sulfate. The
ether was distilled off, and the residue distilled. The rortion coming
over at 135-138°/2.5 mm, weighed 4.7 g. which is 47% of the theoretical
amount.

3-Trifluoromethyl~2'-benzovlbenzophenone. -~ (LXII) (A) From
2-(3'-Trggluoromethylbenle)-benzophenone. — This ketone (0,415 g.)

was placed in a 50 ml. Erlenmeyer flask, 10 ml, of placial acetic

acid, and 0,5 g. of sodium dichromate added. The mixture was warmed



to effect solution, and then cooled. Then one milliliter of con-
concentrated sulfuric acid was added, and a small reflux condenser at-
tached., \/hen the exothermic reaction subsided, the mixturc tms
heated to reflux temperature for about tem minutes, with occasional
shakins. The mixture was then cooled and poured onto ice and 200 ml,
of water, and allowed to stand for about 15 mimutes. The gummy pre-
cipitate vms filtered off, washed with water, and recrystallized fron
dilute ethanol (about 507 water); 0.350 g., of crystalline material
was formed, and on econcentrating the mother liquor, another 0,055 g.
of orystals was obtained: total yield 0.405 g. (94%) of white needles,
melting point 107,5-108°,

fpal.  Calc'd. for CoyHy,0F,: C, 71.19; H, 3.70.

Found: C, 71.20; H, 3.77

(B) From 3'-Trifluoramcthyl-2-benzylbenzophenone.-- An identical

procedure as the above with this ketone gavo the same diketone: m.p.
and mixed m.p. wore the same.

(C) From 2-(3-Trifluoramethylbenzyl)-benzophenone.-~ after the

cyclization attempt. Two grams of this ketone tas heated under re-

flux in 80 ml. of the standard acid mixture for 246 hours, then cooled
and noured into 200 ml. of water, and the acid neutralized with 307
NaCH. The organic matter was extracted with ether, clarified with a
minimm of charcoal, dried over calcium chloride, and the cther evapo-
rated to leave an amber oil. This o1l vas oxidized by the same pro-
cedure as that deseribed above, 0.967 g. of it giving a total of 0.872 g.

of tho diketone from a crystallization from ethanol and including the
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material obtained from the mother licuors. This is an 86.5% yield,
and this material pave no depression in melting point when mixed with
the authentic sample prepnred above,

2-Benzoyl-) '-fluorobenzorhenone. ~- (IXIII) (A) From 2-(4~fluoro-
benle)—bggzophenong. -- To a solution of C.275 g. of ?—(hefluorobenzyl)-

benzophenone and 1.C0 g. of sodium dichromate in 20 ml, of glacial acetic
acid was added 1 ml, of concentrated sulfuric acid. ‘Yhen the exothermic
reaction had subsided, the mixture was heated under reflux for about
ten minutes with occasional shaking. The mixture was then cooled
slipghtly, and poured onto 1CO g. of ice and 2C0 ml., of water, After
standing about 15 minutes, the white solid was filtered off, washed with
water, and recrystallized from dilute ethanol (about 50% water). The
crystalline material from this solution plus the material obtained
from the mother licuors weighed a total of C.867 g., which is 95% of
the theoretical amount. The melting point of this material was 97*98°,
and after four more crystallizations, this was raised to 99-100°,-
Kasey (37) reported a melting point of 101--102o for this conmpound,
which he prepared by the oxidation of 4 '=-fluoro-2-benzylbenzophenone,
but a nixed melting point of his sample and the above compound melted
at 100-101°,

(B) From 2-(4- obe ~benzophenone af cvclization atte
This compound (monoketone) was heated under reflux in the standard acid
mixture for\72 hours. The solution was then cooled and poured into
water, and the acid rneutralized with 3C% NaOH, The organic matter was

extracted with ether, the ether solution cdried and concentrated to
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leave an amber oil. This oil (0,811 g.) was oxidized in the above
manner to give a total of 0,805 g. (94.7%) of the dry unrecrystallized
diketone (2-benzoyl-i '~fluorobenzophenone), which when recrystallized
gave the same m.p. and mixed m.p. as the above compound.

Another sample of the mono ketone was heated in the standard acid
mixture for & days, and a considerable quantity (aboutkSO%) of the
diketone was obtained in this run. This experiment was invalidated

by a slight mechanical loss during the recrystallization.
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RATE MEASUREMENTS

Apparatus: The apparatus used to measure the rates consisted of
Pyrex glass reaction tubes of about 18 mm. intemal diameter and about
LO ml. canacity, equipped at the upper end with a 24/40 standard taper
female joint and two glass hooks, which could be used to secure (by
means of rubber bands) a glass stopper similarly ecuipped. The con-
stant temperature bath was well insulated and contained minefal oil
maintained themostatically at 117.5 % 0.2°, The tubes were supported
in the oil simnly by placing them in holes drilled in the cover of the
bath especially prepared for the purpose; £he larger d;ametef of the
ground glass joints over the diamter of the rest of the tube supported
the tube so that the portion of it which contained the cyclizing mix-
ture was well below the surface of the oil in the bath,

Materials: The liquid ketones used in this investigation were
carefully fractionated so that they had a distilled over a range of
one degree or less. The solid ketones were recrystallized to constant
melting point. A stock solution of the cyclizing medium was prepared
by adding 700 ml. of redistilled glacial acetic acid to a mixture of
166.4 ml. of 48% hydrobromic acid and 43.6 ml, of distilled water. This
stock solution and the iemperature employed are those of Bradsher and
Vingiello (1) so that the rates found here could be compared to the
previously found values for the other ketones,

Description of Ryngs: In making an actual run, a sample of the

ketone (3CC to 500 mg.) was weighed into one of the tubes, and then
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20 ml. of the stock acid mixture was added, Thirty milliliters of

the aéid mixture was used if the solubility of the ketone gave a non-
homogeneous mixture in 20 ml. at the cyclizing temperature. The mix-
ture was then heated to a gentle boil over a Bunsen Burner, capped \
immediately, and placed in the constant temperature bath. The time was
noted when the solution began to boil and after sufficient time had
elapsed for the particular ketone to be from 25 to 90% converted to

the anthracene (determined approximately by preliminary runs), the tube
was removed from the bath and the contents poured into a 50 ml, beaker,
where crystallization of the anthracene was induced by scratching the
beaker and cooling in a cold water bath., After crystallization had
started, the beaker w2s covered with a watch glass and placed in a cold
room maintained at 15 £ 1° and allowed to remain there for a least five
hours. The crystals were then transferred quantitatively to a pre-
viousiy wéighed sintered glass funnel, the tube and beaker being rinsed
out with the mother licuor and this filtered through the same filter.
The crystals were then sucked as dry as possible and then washed three
times by covering them with about 1C ml, of distilled water and allowing
the wmater to be sucked through the filter before the next addition. The
filter and crystals were then c¢ried in a vacuum desiccator over calcium
chloride to constant weight. The melting points were determined in each
case, These weipghts were corrected for the solubility of the anthracene
in the cyclizing medium by putting a weiphed cuantity (ga. 0.2 g.) of
the anthracene through the same procedure used in the cyclization, in

triplicate, and determining the dissolved portion by difference., From



-95 ~

the corrected weight of anthracene, the rate constant was determined

using the following first order rate equation:

K= 2,303 1log 100

t 100 - x
where:
K = rate constant (hrs,™)
x = percent yield
t = time in hours,

At least five different time intervals were used for each ketone.

The case of the cyclization of 3'-methyl—2-benzylbenzophenone to
9~(3-methylrhenyl )-anthracene recuired seeding of the cooled reaction
mixture with crystais of the anthracene, and cooling the mixture in

a refrigerator at about 5° ¢, Solubility measurements were made under

the same conditicns,



TABLE IV

Rate of Cyclization of o-Benzylbemzophenono to
9-Phenylanthracene

Control Run l.

Run Velght Welght Time  Yield K x 10™2
ketone anthracene  Hours = % hrs.~1
1 0.4663 0.1141 645 26.2 4,64
2 0.4981 0.1651 10,0 35.4 4,35
3 0.4492 0.1426 10.5 34,0 3,94
4 0.4492 0.2558 22.0 61.0 4,28
S 0.5093 0.3247 26,67 68.4 4,31
Average 4.3

Average Deviation 0.2

20 ml. of the acid mixzture was used,

The solubility of the anthracene in 20 ml. of the acid mixture

is 0.02 g., according to Vingiello (Ref. 2., p. 86).

The rate constant reported by Vingiello 1s 4.4 & 0.2 x 10-2 hrsTl



TABLE V

Rate of Cyclization of 4'~-Chloro-2-benzylbenzophenone to

9=-(4-.Chlorophenyl )-enthracen

Control Run 2.
Run Yelght Weight Time Yield Kz 107%
ketone enthraceno Hours % hrs, =1
1 -0.4812 0,1347 9.0 29.8 3.9
2 0.51.00 0.1710 11.17 35,6 3.94
3 0,5407 0.2411 16,0 47 .5 4,01
4 0.4969 0.2716 20.5 58,0 4,22
S 0.5080 03179 25.5 665 4,27
Averago 4.1

Average Deviation 0.l

30 ml, of acid mixture was used.
The solubility of the anthraceme in 30 ml. of acid mixture
is 0,006 g. acsording to Vingiello (Ref. 2, p 89).

The rato constant reported by Vingiello s 4.1 ¢ 0.1 x 10-2 hrsTt



Rate of Cyclization of 2—!2-!&ethy_lbmlez—bmzogenone to

1-llcthyl-10-phenylanthracene.

Run Veight Weight Timo Yield Kx102
ketono anthracene  Hours % hrs.~!
1 0.4874 0,3983 12.0 85,0 15.8
2 0,500 0.3899 12,5 83.3 14.3
3 0.5045 0.4166 14.0 88.4 15.4
4 0.4793 0.3964 14.0 88.5 15.4
5 0.4178 0.3662 14,5 93,8 16.3
6 0.5146 0.4335 15.0 90.1 15.9
? 0.4315 0.3626 15.5 89.8 14.7

Average 15.4

Average deviation 0.5

20 ml. of acid nmixture was used,
The solubility of the anthracene in 20 ml. of the acid
mixture at 15° is 0,058 g.
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TASLE VII

" Rate of Cyclization of 2-(3-Methylbenzyl)<benzophenone to

2-Ucthyl=-10-phenylanthracene.
Run Weight Weight  Tinmo Yield K x 1072
ketone anthraceno Hours % hrs."1
1 0.3000 0.22038 0.75 78.7 206
2 0.,2968 0.2392 1.0 86.0 196
3 0.3011. 0.2502 1.084 88.8 202
4 0.3915 0,3310 1.184 90.4 198
5 0,3963 0,3449 1.333 3.0 199
Average 200,

Average deviation 3.

20 ml, of the acid mixture was used.
The solubility of the eanthracene in 20 ml, of acid mixture
at 15° is 0,032 g.



TABLE VIIXI

Rate of Cyclization of 2-(4-lethylbenzyl)-benzophenone to
S<lothyl-10-phenylanthracene.

Run Welght Wedght. Time Yiold Kx 1072

keotono anthracene Hours % hrs.”

1 0.5420 0.4113 12.C 81.0 13.8
2 044907 0.3760 12.5 61.8 13.6
3 0.5175 0.4068 15.0 84.0 1.1
4 05057 0.3897 13.5 84.1 13.5
5 0.5310 0.4214 14,0 84.6 13.4
6 0.5003 0.4109 14.5  87.7 14.4
? 0.4671 0.3828 15.0 67.3 13.7
Average 3.8

Average deviation 03

20 nl. of the acid mixture was usod.
The solubility of the anthracane in 20 ml. of the acid

nixture at 15° is 0,05 g.
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TABLE XX

Rate of Cyclization of 3'-llothyl-2-benzylbenzophcnone to
9=(3-}lethvlinhenvl)-anthraceno.

R Vielght Violght Time Yield Kx 1072

ketone anthracene  Hours % hrs. %
1 08426 0.2475 21.5 59.9 24.25
2 044422 0.2564 22.0 61.9 4,38
3 0.515% 0.3141 23,0 65,0 4,56
4 0.7335 0.4622 24.0 67.2 4.63
5 0.4554 0.2717 25,0 63.6 4,04
Average 4.4

g

Average deviation 0.2

20 ml. of acid mixture was uscd,

The solubility of the anthracene in 20 ml. of acid mixture

at 5° C. is 0.036 g.
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TABLE X

Rate of Cyclization of 3'~Fluoro-2-benzylbenzophenone to
9=-(3-Fluorophenyl thracene.

Run teight Welght Tine  Yield K x 1077
kotone anthracene  Hours 4 hrs,
1 0.4857 0,1307 7.0 28.65 4,84
2 0.5250 0.2225 10,0 45.25 6.03
3 0.5043 - 0.1978 10.833 41,95 5401
4* 0.4747 0.2046 1.0 47.1 5.80
5 0.4523 0.2004 12,0 47.2 5.31
6 0,4959 0.2321 13,0 49,9 5.30
? 0.4755 0.2468 15.0 55.4 5.37
g* 0,5033 0.2630 16.0 55.7 5.10
9 0.4915 0.2678 17.0 58.0 5.10
10%* 0.5114 0.3253 23.75 6747 4.76
Aveorage 5.3

Averace deviation 0.3
*20 ml, of acii mixture was used in these runs. 30 ml, of
acid mixture was used in all unstarred rums.
The solubility of the enthracene in 30 ml. of acid mixturc at

15° 1s 0,093 g.
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TABLE XTI

The Rate of Cy:lization of 3'-Chloro-2-benzylbenzophenone to

9-!3-chlor09hg§1)-anthracene.

Ran Yolght Weight Tine Yield K x 1072
Rotone Mthracene Hours % hrs.~1

1 0.4478 0.1615 9.0 38.3 5.35
2 0.4448 0.1915 11.5 46.2 5.38
3 0.4252 0.1916 12,33 47.8 5427
4 0.4395 0.2413 17.0 58.4 5.15
5 0.4370 0.2607 19.5 6344 5.15
6 0.,4491 0.3009 24.0 71.2 5.19
Average 5.3

Average deviation 0.1

30 ml. of the acid mixture was used.
The solubility of the anthracemne in 30 nl, of acid mixture

at 15° is 0,054 e



TABLE XII

Rate of Cyclization of 3'-Bromo-2-benzylbenzophenone o
9-(3-Bromovhenyl) -antlg_qcone\,

Run elght Ueight Time Tiold K x 107
Ketone Anthracene  Hours % hrs.

1 0.5571 0.2206 10.0 41,75 5.40

2 0.4621. 0.1994 11.5 45,5 5.29

3 0.5352 0.2408 12,5 47 .4 5012

4 0.5757 0.2876 15.75 52.6 4,75

5 0.5471 0.2821 17.0 54.45  4.61

Average 5.0

Average deviation 0.3

30 ml, of the acid mixture was used.
The solubility of the anthracene in 30 ml. of the acid mixture

at 15° is 0.055 g.



TABLE XITI

Rate of Cyclization of 3'~Trifluoromethyl-2-benzylbenzophenone to
9=(3~Trifluoromothylphonyl)-enthrocene.

Run Weight Weight Timo Yield Kx10°°
Ketone Anthracene  Hours % Hrs.~1
1 0.4320 0.2182 11.75 53.4 6.49
2 0.4300 0.2459 14.5 60.4 6.37
3 0.4085 0.2472 15.5 62.3 6.29
4 0,4215 0.2670 16.25 66.9 6.70
5 0.4235 0.2629 17.0 65.6 6.26
Average 6.4

Average deviation 0.1

20 nl. of the acid mixturec was used,

The solubility of the anthraceme.in 20 ml. of the acid mixture

at 15° is 0.119 g.



TABLE XIV

Rate of Cyclization of 4°-Trifluoromethyl-2-benzylbenzophenone to
9-(4-Trifiuoromethylphenyl)-onthracene.

Run Veight Welght Tine Yield K x 1072
Ketone Anthracene Hours % hrs,~L
1 0.,4485 0.1603 6.0 42.5 9,20
2 0.4240 0.1912 7.0 7.7 9.28
3 0.4516 0.2210 8.0 51.6 9.10
4 0.4425 0.2377 9.0 56,8 9,34
5 0.4684 0.2712 10.0 61.0 9.41
Average 9.3

Average deviation 0.l

20 ml, of tho acid nmixture was used,
The solubility of the anthracene in 20 ml. of the acid nixture

at 15° 1s 0,039 g.
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SUMMARY

1. The rates of cyclodehydration of nine ketones have been
- measured; two additional ketones were shown not to cyclize under the
same conditions.

2.. The rate of acid catalyzed cyclization of ketones of the
o-benzylbenzophencne type to 9-phenylanthracenes has been shown to
be dependent upon several factora postulated by Bradsher and Vingiello

(1): (a) the electron density of the ortho position in the ring into

which cyclization takes place, (b) two rate controlling steps of oppos~
ing electrical requirements, and (c) the steric nature of the molecule,
3. The apparently anomalous rate of cyclization of 2-benzyl-
4 '~fluorobenzophenone (1) has been explained,
4. The syntheses of twenty-seven compounds not previously reported

in the literature have been described,



(1.

(2).
(3).
(4).

(5).
(6),

(7).

().

(9).
(10).
(11).
(12).
(13).
().
(15).
(16).

(7).
(18).
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