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INTRODUCTION

Everyone knous of the destruection caused by inseccis.
For this reason scientists in many fields have been making strong
efforts along various paths of insect control., Much has been
accamplished of a practicel nature but though many have attacked
the theoretical aspects of this subject 1t still lags far
behind, One attack has been & study of the relationship between
the moleculear structure of certain organic insecticides and their
insecticidal activity. 1In order to get more data on this
problem we have proposed to synthesize a series of campounds
related to DDT (I)., The structures of these compounds ere shown

in formulas II, III, and IV,
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* All rings are fully aromatic unless otherwise specified.




The object of this thesis 1s tos 1) make & survey of the
work thet has been done relating the structure of DU to its
insecticidal activity, 2) outline a synthesis for conpounds II,
III, end IV, end 3), determine in the laboratory whether the

syntheses are fessible,




History
The campound known as DDT (I) or 2,2-bis-(p-chlorophenyl)-

1,1,1=-trichloroethane was first synthesized and described by
Zeidler (1) in 1874, Zeidler, as far as is nown, made no
effort to find practical applications for the compound,

About fifty years later research work on mothproofing
chemicals was started in the laboratories of J. R. Geigy in
Switzerland. In the following ten years a mumber of compounds
were discovered which had considerable promise as moth preventa-
tives. These wero mainly diphenyl sulfones, and one of the
most effective of these stomach poisons was bis-(p-chlorophenyl)
sulfone (V).

v

Substitution of verlous groups in the molecule ultimately
led several Swiss workers, including Lsuger, Martin, end
Maller (2) to 2,2~bis-(p=chlorophenyl)-1,1,l~trichloroethane (I).
The insecticidel properties of the compound were discovered

by Peul Muller in 1936~37 (3) end patented by him in 1940,




DT had unprecedented development a8 & synthetic insecticide

because 1t was found to have wnusual properties of wide range
of insecticidal action, simple structure promoting ready
synthesis, stabillty to light and air resulting in enduring
residual toxicity and low mammalian toxicity. The material
ideally fulfilled a wertime demand for the control of insects
of medical importance and soon found important agricultural
uses. Approxinately forty eight mlllion pounds of it were
produced in 1947.

Prepargtion of DU

DOT was produced by Zeidler, and is stlll produced todsy,
by the reaction of chloral (or its alcoholate or hydrate) with
chlorobenzene in the presence of concentrated sulfuric acid

(equation below).

Ccl
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H
cCl,~-C -0 + 3 + 0,0
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The technical material haes a rather variable composition and
is composed of up to fourteen chemical compounds. The najor




constituents, other than the actual p,p'~isamer (DDT), all
possess some slight degres of toxicity to insects (4).

Relgted Materials
Several compounds closely related to DIT hsave attained

same importance as insecticides. A falrly extensive list,
including references, cen be found in Freer's book (5).

DDD or 2,2-bis=(p-chlorophenyl)-l,l~dichlorosthane (VI),
methoxychlor or 2,2~bis-(pemethoxyphenyl)-1,1,l=trichloroethane
(VII), DFDP or 2,2=bis-(p=fluorophenyl)=1,1,1-trichloroethane
(VIII), end the dimethyl-analogue of DDT, 2,2=big~(p-tolyl)=
1,1,1-trichloroethane (IX) are among the more importent of
these,




A very large mumber of analogues of DDT have been studied

with regard to their toxteity to insects. Metealf (L) gives
several tebles in bis review,

Martin end Wain (6) have studied the relative toxicities of
a series of DUT analogues. They state that the nature of the
nuclear (ring) substituent affects toxicity either because of
the electronic effect of the group or because of solubility factors,
When the substituent is either chlorine or methoxy, both
inductive and electronic effects are operative but are opposite
in influence on the alpha~carbon of ethane, The evidence appears
to favor the solubility factor as being the comtrolling factor,
Metcalf (4) claims, since compounds incorporating these two groups
and the methyl substituted compound as well are highly toxic, The
low activity shown by molecules with polar groups, such as hydroxyl-
and nitro~ring substituents, indicates the importance of non-
polar groups in this position (4). Martin and Wain point out that




with asymmetrical enalogues, solublility mey likewlse be the

controlling factor as the surface activity of the molecule end
its adsorption mey be affected by symetry. Busvine (7) notes
that the molecules of the most toxic Dll-analogues are most
similar to DD in shape and weight, and he considers it possible
that the entire molecule is involved in a steric association
with a vital enzyme. Further theories of the influence of

structure are presented below.

Two general theories of the mode of action of DIT and related
materials have been suggested, both of which depend on the classical
Overton-Meyer t.heory (8) which relates the lipoid solubility,

i.e., the oll/water distribution coefficient of physiologically
active materials and their activity., It was speculsted by Lauger,
Martin and Muller (2) that the effectiveness of DDT is dus to
combinstion in one molecule of a lipid solubilizing group, viz,

the "trichloromethyl group" (XIV), and a toxic component the
bis-(p=chlorophenyl)-methylene group (XIII). From data, gathered
from a study of mothproofing agénts , these investigators point out
that many substances having two p=chlorophenyl groups attached to a
central nucleus such a8 di-{pechlorophenyl)-sulfone (X), di-
(p=~chlorophenyl)-sulfide (XI) and di-(p-chlorophenyl)~ether (XII),
proved to be effective stamach poisons, The addition of a




solubilizing group, such as the trichloramethyl group, to the
molecule resulted in the contact action of DIf. Therefore they

theorige that the

cl.O_ c .Ocl

XIII
group is the toxlc portion of the molecule and that the

Cl - (.3'- Cl
Cl

X

group is lipid-solubilizing group.

The work of Kirkwood end Phillips (9) gives some support to
Laugerts theory. These investigators synthesized the campound
2,2~bis~(p~chlorophenyl)=1,1,1-trifluoroethane (XV) which was
found to be only feebly insecticidal. This compound which contains



a trifluoramethyl group was fed to rats and was not found to be

stored in the perirenal fat, although the insecticidally active
campound 2,2=~bis-(p-fluorophenyl)=1,1,1l=trichloroethane (XVI)

fed in a similar mammer accumulated to the extent of 3.2 nz./s.
fat, In connection to this it was pointed out that the :ompo@d

fluoroform, HCF4, hes no anesthetic properties (10).
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It has however, been pointed out by Martin that various alkoxy
anelogues of DDT, such as the bis-(pemethoxy) (VII) and bis-
(p-ethoxy), since they are toilc, make it evident that the toxlcity
of DIT is not uniquely explained by the presence of the dichloro-
diphenyl system.

Metcalf (4) points out that 2,2-bis=(p-chlorophenyl)-2,1,1,1-
tetrachloroethane (XVII) is almost completely inert insecticidally
despite its close resemblance to DDT and its conformity with the




theoretical requirements for toxicity according to Lamger's

hypothesis,

Cl Cl

XViI

The other theory on mode of action is attributed to Martin
end Wain (11). Martin end Wain's theory is almost directly
opposed to the theory of Lauger, Their theory suggests that
the p-chlorophenyl groups are responsible for the 1lipid solubility
of the compound and the trichloramethyl group for the toxic
action, which is produced by the liberation of hydrogen chloride
in vivo at vital centers., Martin (12) sums up his conclusions
that DDT is insectlcidal because it has (1) sbility to penetrate
end concentrate at tho site of ection, (2) adequate stability to
reach site of action, and (3) ability to release hydrogen chloride
when sbsorbed at the site of action,

Some indirect evidence which favors the relation of the
dehydrohalogenation reaction to toxicity lies in the fact that
at 20°C the o,p'=isomer liberates hydrochloric acid only 1/67




as fast as does the p,p' isomer (13), The o,p'-isomer is by far

the less toxic of the two isomers; it is reported by Cristol and
Hallen (3) to be 1/10 as toxie to adult Anopheles mosquitoes.
Shepard (14) notes that DDD (VI) is close to DDT (1) in toxicity
to certaln insects and undergoes dehydrohalogenetion in the

same manner. Shepard (14) further states thet the campound
corresponding to DDT bubt with all four available ethane

linkages chlorinsted (XVII) does not dehydrohalogenate, and it
i1s almost completely inactive againat insects,

There is considerable evidence against Martin and Wain's
theory, Metcalf (4) in his review points out thet es a conse-
quence of the validity of such a theory one might expecﬁ a
positive correlation between rate of dehydrochlorinaetion and
the degree of toxic action of DIf-analogues, These rates have
been studied (13, 15) and it has been shown by Busvine (16),
Muller (17), Damenjoz (18) and Cristol (13) that there is no‘
correlation between the rate of dehydrochlorination and degree of
toxicity to insects., This 1s especially noticesble in the case
of 2,2=bis~(p-methoxyphenol)=~l,1,l=trichloroethane (VII) which
is comparable to DIT in insecticidal potency to many insects and
yet has a dehydrochlorination rate constamt of ebout 1/275
that of DDI, (Martin replies to this criticism that the factors
of absorbability and permeability may also outweigh dehydro-
chlorination in determining the relative potency of the campound,




Purthermore, in vivg dehydrochlorination might be produced by

engyme actlon or other conditions completely dissinilar to
exposure to alkali.) Shepard (14) brings forth the fact that when
hydroxyl radicals replace the chlorine aﬁoms of the trichloro=
methyl group so that dehydrohslogenabtion would not occur, the
resulting compound is no less toxic than DIT.

In regard to both theories Busvine (7), and Damenjoz (18), after
measuring the solubility of various DDT-analogues in fats, found
no correlation between lipoid solubility and toxicity to mammals
and insects., Browning and co-workers (19) have found no compound
with low fat solubdlity to be highly toxic.

A8 a final comment upon these two theories the data obtained
by Metcalf (20) are of interest, He found in his vork with DDI=-
analogues as acaricldes that DIT was completely inactive but
progressive increases in toxicity were obtalned by successive
eliminations of eliphatlc chlorine atoms, the order of effective~

ness increasing framt
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where R = p-chlorophenyl., The most effective ascaricides such

as 1,l-bis-(p-chlorophenyl)-ethanol (1%}, 4,4~dichlorodiphenyl-
methene (2%), 2,2-bis=(p-chlorophenyl)~ethane (3%) and 2,2~bigm
(p=chlorophenyl)=-1,1,1l-trifluorcethane (4*) sre much less
effective insecticides than DT end contain neither the lipid
solubilizing groups (as defined by Lauger) nor are capable of
eliminating hydrogen chloride.

Gavenden and Poussel (21) have explained the action of DIT
as that of an indifferent narcotic acting om a lipoidic substrate.
They determined the solubility of DI in water as sbout 0.1 mg.
per liter at 18°C. They calculeted the thermodynamic cctivity
for DDT using the expression C/Co where C is essentially the mini-
mum lethal concentration of DUT to the organism end Co is the
seturated concentration in water. Using values from the litera-
ture for the minimum lethal concentragtion in water for several
species of insects they observed that ths thermodynamic activity
falls in the remnge 0.1 to 1,0, This value is in good agreement
with the theory of indifferent narcoties of Meyer and Hommi
(8), who have postulated that narcosis occurs when a chemically
indifferent substance reaches a specific threshold concentration
in the cell lipids, regardless of the concentration in the external
envirorment {4). Using Busvines (22) value for the solubility




of DDT in olive oil, 10% or 0.28 noles per liter, as a neasure

of the lipid solubility of DDI' and Meyers and Hemmi's average
threshold value for verious narcotics, 0.06 moles per liter, the
authors obtained a ratio of 0.06/p,28 or 0.2l for the theoretical
thermodynenic activity of DIT in the cellular phese. The close
agreement of this value with the range of experimental values in
the table shown in Metcalf's review, (4) is suggested as an
indication that DIT acts as en indifferent narcotic,

Hurst (23) has suggested that DIT and analogous compounds
ect by indirect blocking of cytochrome oxidase and suceinic
dehydrogenase, which may be sccomplished by uptake and storage of
the insecticide in the phospholiplds. The evidence for such
theory 1s spperently derived fro:m the behavior of chloroform
in dispersing the lipids of the insect cuticle (4).

Hoffmenn and Lendle's (24) experiments on possible inhibition
of various enzyme systems, with DDT gave negative or inconclusive

results. (Article not availahle to see which systems.)

Leuger et al (25) state that the distance between the para

chlorine atoms is 11.0 Angstroms and that the valence angle between

the phenyl rings is 123°, as determined by X-ray diffrsction
anglysis. Wilde (26), however, after presenting determinations

of the dipole moments of a mmber of compounds related to DDT,




caloulated the velence angle lies between 110° and 120° for DDT

end most other trichloroethenes studied. Lauger (25) believes
that the dimensions of the DDT molecule fram pare-Cl to para'-Cl
atom are similar to those of cholesterol (XVIII) (as moasured
from position 3 to position 16). Cholestercl is an important
constituent of nerve tissue and 1s a fat-soluble vitenmin for
many insects (27). Lauger suggests that DDT may possess a
particular affinity for cholesterol and other sterols present

in nerve lipids.

XVIII

Capbell and West (28) sulmitted a morc general theory which
according to Sheperd (14) would appear to possess much nerit. Their

theory is as followss




"The mode of action of DIT is clearly vory complex, and

with regard to the chemical mechenism responsible for toxleity
we suggest that svolution of hydrogen chloride may be only a
secondary effect accampanying the more fundamental alterstion in
the electromazsnetic nature of the group from which it is evolved.
The effect of the chlorine atoms, therefore, may be entirely
steric and the fact that three alphs-chlorine atoms are
necessary in order to confer optimum toxicity on the compound
mey be due to their giving the required steric orientation,
and thet this reaches a maximum whon the remaining chlorine atams
are in the para~positions."

hccording to Metealf (4), thiophene analogues of a mumber of
biologically active campounds countaining benzene rings have been
reported to posscss activities similar to those of the parent
campound. In this connection, Metcelf and Gunther (29) preparsd
2y2-bis-(2~chlorothiconyl)=1,1,l=trichlorocthane (XIX). This

compound, according %o the authors, was generally much less

effective against several species of insects despite the similarity

in size ond shape of the benzene snd thiophene rings, yot it
dehydrochlorinated readily in dilute alkeli, However, at high
dosages the compound produced characteristic DDT=like tremors

in insects so that it zppears to resemble DDT in its rode of
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Erlermeyer et al (31) have studied the insecticidal
properties of bis-(p-chlorophenyl)=acetic acid and 1,l-bis~(p-chloro-
phenyl)-acetone which they consider to be isosters of DIT by virtue

of their ability to form hydrates as shown below. The hydrated

9 po . S 9 mo . O
mg-G-on _ B0 H-C(Ol wnd OG-0y 205 (O

products are isosteric with DUT because of the similaer dimensions
of the hydroxyl group (radius about 1.7 ingstroms), methyl group
(radius 2.0 Angstroms), andé chlorine atan (redius 1.8 ingstrons)

(32). This degres of structural conformity has been showm by




Pauling and Presaman (33) to be well within the limits required
for isosteric activiiy in serological reectiors, However, the
enthors found tho DT-isosters mentioned were insecticidelly
inactive on those inseets tested. Thus the authors conclude that
the similarity in inductive action on the remalnder of the mole-
cule vhich they ascribe to the trichloramethyl-, carboxy-,

and acetyl~groupe, is not a faclor in the toxiec action of DIT,

The main sources for the above review were (4), (5), end
(14).

There was however another pgper which appears to contain
material of ruch interest in regard to this review, that 1s the
paper by Humer end Kenaga (56). These authors compared the
structural and insecticidel reletionships of Rotenons, HMethoxychlor,
and DT =nd feel that the whole problem should be evalusted fron
the standpoint of the molecule as a whole, taking into considera-
tion properties such as molecular weight, solubility, polar groups,

hydragen bond acceptors (or donors) and nolecular shepe and

dimensions,




From what has been sald under the topis "Stereochemistry
of the DDT Molecule® and under the topic "Theories of Mode of
Toxic Aotion," in the previous section, it would appear
interesting to prepare a compound of the type shown in figure (IV).
This compound, which is egain pictured below, would appear to

Cl ' Cl

0013

have dimensions similer to the DIT molecule but would probably
not be cepable of dehydrochlorination. |
Chart I gives the caleulations which lesd to the conclusion
that the above moleculs, 2,7=dichloro=10-trichloromethyl-
anthracene, would have dimensions similar to DDT. These caloula-
tions are based on the following information:
1. Anthracens is known to be planar.
2. The hybrid bond distance between carbons in
anthracene is 1.41 A (34).
3. Tha carbon~chlorine bond distance is 1.69 4 (34)
in chlorobenzene and would probably be sbout this
distance in the above molecule,




4. A1l the bond sngles (between the carbons) are
congidered to be 120°,

5. The chlorine atom is considered to lie at a
valence angle of 120°(see lower figure on Chert I).

The distance between the two ring chlorine atoms, that is
found by the caloulations to be 10,2, Angstroms, is fairly close
to the 11,0 Angstroms stated by Leuger (25) for the DIT mole-
cule, The valence angle of 123° between the phenyl rings of DIT,
a8 Lauger mentions, or m 110° and 120°, as Wilde (26)
caloulated, would be approximately the same as the 120° bond angle
which would lie between m_ rings, bearing the chlorines, in the
sbove amthracens molecule.

The other two anthracenes, J-trichloromethylenthracene (11)
and 3-chloro-9-trichloromethylanthracens (111), that were mentioned
in the Introduction, might poseibly be of same value in the
insecticldel studies for as it can be seen from their structures
they do possess certain components found in the above anthracene.

Should the case be that none of these compounds prove of
ingsecticidal value in a theoretical or practical way, they might
still be of great value in an indirect manner, for the reactions

that would sppear feasible for their production would be of
interest in aromatic oyclodehydration mechemism studies (35).

It vas decided to prepare these three compounds; therefore
a method of synthesis for them had to be developed. In Charts II,
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The distance between the chlorine stoms stinched to ecarbunn 2

and 7 is found as follows::

Yy £) 4
¥ «

\ g%
3 2 Jm
0 < .

R -G o %

2 30 Cos 30 = X/2.82

x 0866 - x/2.82
X = 2.44 A
BX - 7032 A

(distance between carbons 2 & 7)
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‘ Cos 30 = Y/1.59
0866 - ¥/1069
x - 1@-’06 A
2Y = 2.92

2T+ 3X = 2.92+47.32 = 10,24 A = Cl to C1

CHART T



III, and IV are shown the paths that were decided upon. These

were chosen because simllar resctions hed been run in the
leboratories here at V,P,I., becsuse they in general appeared
to give good ylelds, snd because they utilized ketones which
would be of interest in the mecheniam studies mentioned above.
The reactions shown in Chart II are, to compound (XXV), the
same a3 those used by Vingiello (37) in his preparation of
o-bengylphenones,
Anthranilic acid (XX) was converted to o-bromobenzoic
acid (XXI) by meens of the Sandmeyer reaction with a yield of
59%. This acid was converted to the acid chloride (XXII), using
thionyl chloride, in 94.6% yleld. FPhosphorus pentachloride
gave a yleld of 92.6% when used for the same conversion. A Friedel-
Crafts reaction between the acid chloride and bengene gave
o-bromobenzophenone (XXIII) in 95.1% yield. By use of red
phosphorus and hydriodic acid the above ketone was reduced to
o-bromodiphenylmethane (XXIV) in 76.9% yield. The o~bromodiphenyl-
methens was then subjected to the following reactions:
1.  Grignerd resgent prepared from it (XXV) and a
reverse Grignerd veaction performed on acetyl
chloride,

2s Grignard reagent prepared fram it and this converted
to the cadmium resgent (XXVI) (38) which in turn
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vas allowed to reasct with acetyl chloride.
Grignard reagent prepared from it and this brought
into reaction with agetic anhydride according to
the procedure of Newumen and Booth (39).

Grignard reagent prepered fronm it and this
permitted to react reversibly with 2-chloro=-
benzoyl chloride.

Grignard reagent prepared from it and this con-
verted to the eadmium reagent which in turn vas
allowed to react with 2echlorobensgoyl chloride.
Grignard resgent prepared fram it and this
reversibly added to trichloroasetyl chloride.
Grignard reagent prepered from it and this con=
verted 10 the cadnium reagent which in twrn was
brought into reaction with trichloroacetyl chloride.

Grignard resgent prepared from it and thls was per-
mitted to react with trichloroacetonitrile; this was

followed by hydrolysis.
Grignard reegent prepered from it and this was
converted to the cadmium reagent which in twmn wes
allowed to react with trichloroacetonitrile; hydrolysis
followed this.

In the case of (1) above there were three separate resctions

Tun, one at roam temperature, enother at =1C°, and a third at =~70%
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In the case of (2), two reactions were run, one at room temperature
and the other at sbout 80° (temperature of bo ilinr~ benzene).,
There was none of the desired ketone, o-benzylecetophenone (XXVIII),
isolated from any of these reactions. This ketone, vhich was
first prepared by Bradsher (36), was obtained from (3), above,

by running the Grignard in reverse at -70°.  This procedure

‘gave a slightly impure naterial, in 30% yield, which upon two
recrystallisations fram petroleum ether had the proper melting
point, The ketone when nmade by Bradsher's method (methyl-
nagnesium-iodide brought into reaction with o=benzylbenzonitrile
end this followed by hydrolysis) had a boiling point of 160

161 (3 =n), but when made by reaction (3) it had the boiling

point 146-150.5 ( 3 mm.). It would sppear from the boiling

point obtained from (3) that some of the earlier reactions nmay
have actually yielded some of the ketone, for in some of these
reactions a fairly large amount of material had a boiling point
lower than that stated by Bradsher and near that found in (3).

In connection wiﬁh this it should however be pointed out that

repaated attempts abt crystalligzation of the material derived from
the earlier reaction, from several solvents, including petroleum

ether which Bradsher used for his recrystallizations, did not

yield the ketone,
It is believed that the yield of ketones by (3), nay be

greatly increased by permitting the reaction to run for a much




31

longer period of time, for much materiel which was believed o

be diphenylmethene (the hydrolysis product of the Grignard resgent)
was obtained, There vwas extremely little material left in the
still pot after the distillaetion which resulted in the ketone

end the only materials which were obtained in any appreciasble
yield were the ketone and the diphenylmethane,

The ketone fram (3) showed no change in melting point when
:'a mixed melting point was run with s semple oﬁtained by Bradsher's
method, The ketone also gave e positive iodoform test,

Cases (4) and (5), above, are shown in Chert V. Bondurent (40),
using a different method, made seversl attempts at the prepare-
tion of the ketone, 2-chloro-2tebenzylbenzophenone (L), which
was obtained from (4) in 33.3% yleld and from (5) in 43% yield.

He did not obtain the compound. This ketone is important in
aromatic cyclodehydration studies.

Attempts at cyclizmation of this ketone were not successful.

In the case of (6), above, as in cases (7), (8), and (9), no
reections were found in the literature that were similer in nature.
The reverse Grignard reaction on trichloroacetyl chloride (6)

did not give any of the desired ketone, trichlorome‘ohyl-z-beﬁzyl-
phenyl ketone (XXIX), in isolatable quantity. Reaction (7), above,
was run twice, the first time the reactants were heated under

reflux for three and one~half hours and the second time for slnost
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nineteen hours, In the first of these reactions some naterial

wes obtalned, in very poor yield, which had the boiling point
145° (3 m.). This naterial gave a positive halogen test but
attempts at preoparation of the oxime were not successful. In
the second reaction no attempt was mede at distilletion, for
great difficulty was found in the previous distillation as
well as strong decomposition., In this instaence the meterial
was chromatographed and those portions which gave a positive
halogen test were treated with strong sodium hydroxide solu-
tion, in s manner to be described shortly, in an attempt to
convert amy of the ketone (XXIX) that might have been present
to o-benzylbenzoic acid (LI). This acid is a solid with a

known melting point (41). None of the above acid was obbained

CH,
: :coon
LI

from these attempts, however there was a slight indication
that a small, non-isolatable, quantity may have been present
(explained shortly).

In an effort to try to prove whether the Cason type of
reaction (cadnium resgent brought into reaction with en acid




chloride) (38) could or could not be used for the prepereiion of

trichloromethyl-ketones of the type desired, a reection wss
cerried out using diphenylcad:ium and trichloroscetyl chloride,
This reection gave only ebout a 5% yield of the expected ketone,
1,1,l-trichloroacetophenone, which is a kmowm compound wvith a
definite boiling point (42).

Reaction (8), above, wes run only once, This resction
resulted in nuch charcoal-like material which was only slightly
soluble in acetone end vhich could neither be distilled nor
chromatographed. Resction (9) was run three times, the first
time in ether, the second in benzene with heating under reflux
for a period of sbout three hours, and the third in benzene with
heating under reflux for fourteen hours, All three reactions
gave small emounts of yellowish oil plus a few crystals along
with a considerable quantity of what is believed to heve been
diphenylmethene, Same charcoal-like naterial was glso obtained
fromn these reactlons, The oils and erystals were subjected to
treatment as followss

They were tested for halogen end those froections which
were found to contain halogen were tregbed at room tenmeorgbure
(in one or two cases even heated a little) with five normal

sodium hydroxide for gomewhat nore then a half




howr*., The material which did not dissolve (often almost all)

in the strong base was extracted with ether. The basic solu-
tion wes then neutralized with hydroghloric acid. The neutral
solution was then cooled with an ice-salt bath and was observed
to see whether eny of the acid (LI) was obtained., The acid
should have come out of solution for it is only dlightly soluble
in cold water (41). A elight indication that some of the
ketone (XXIX) may have been present and that it may have been
converted to the acid is supported by the fact thalt the baslc
solution upon neutralizetion showed a definite cloudiness. In
an effort to isolate some of the acid from the neutral solution,
+the solution was extracted with ether and this was followed by
the evaporating of the ether; in a few cases a very small amount
of 0il waes obtained but never a crystal,

Fron what has been said ebout reactions (6), (7), (8) and
(9), it would seem fairly safe to say that the ketone (XXIX)
cannot be prepared by this method, at least not in large enough
quantity to meke the synthesls worthewhile. It should

#Bgsed on the work of J. G. Aston, J. D. RKewkirk, J. Dorsky and
D. Jenkins (43). These workers found that tresting 1,1,l-tri-
chloroacetophenone with 5.2 normel sodium hydroxide solutlon
at zero degrees for half an hour resulted in the conversion of
59% of the ketone to the acid salt. The unreacted ketone was
extracted with ether end the salt was converted to benzoic acid
by neutrelizing the sodium hydroxide solution with acid.

o




never-the-less be noted that there might be a possibility of ob-

taining the compound by a reaction similar to (3), for under
the conditions of (3) nemy of the possible side resctions micht
be cut down,

A3 a canclzzding statement on the preparation of the desired
trichloramethyl ketones (XXIX), (XL) end (XLVIII), Bigelow* of
Duke University states that he 1s of the opinion that the halo-
form reaction (44) would probably be the best method for their
synthesis., This reaction was not looked into as part of the
preparative work of this thesis.

'vSince none of the ketones, (XXIX), (XL) and (XIVIII), were
obtained none of the smthracenes, (XXX), (XLI) and (XLIX), could
be obtained.

The starting materials for the preparation of the ketones
shown on Cherts III anft IV were all obtained in falrly gzood
yield. Both charts show the same reactions through compound
(XXXIII) and deviate from there on. The 2-amino=-5-chlorobenzoic
acid (XXXI) waes obtained from the Eastmen Kodsk Compeny. This
acid was converted to 2-bromo-5~chlorobenzoic acid (XXXII) by means
of the Sendmeyer reaction with a yleld of 75.24% (Though it was

stated in the literature (45) that the bromo compound was nsde

* In recent privatc communicetion to Dr, Vingilello -~ thesis
director,




from the amino compound by means of the Sandmeyer reaction,

neither the conditions nor the amounts of naterial to use were
stated; therefore this information had to be obtained experimental-
ly)e The acid (XXXII) was converted to the acid chloride

(XXXIII) by use of phosphorus pentachloride (46) in better than
90% yleld.

Por the preperation of the ketones, 2-bromo-5-chlorobenzo-
phenone (XXXIV) (Chart III) and 2ebromno=S-chioro-3t-chloro~
benaophenone (XLII) (Chart IV), as well ac the diphenylmethenes,
2-bramo~5=chlorodiphenylnethane (XCV) (Chart ITI) end 2=bromo-
5~-chloro-3'chlorodiphenylmethene (XLIII) (Chart IV), the syntheses
had to be worked out for none of these hed bean previously
reported in the literature. Compound (XTXIV) was prepared in
better than 92% yleld, compound (XLII) in better than 72% yleld,
compound (XXXV) in 725 yield and compound (XLIII) in better than
67t yleld.

The nitriles shown on Charts III and IV also had not
previously been prepared. The pi'eparation of these compounds,
(XxxvIII) (Chart III} and (XLVI) (Chart IV), would appear similar,
therefore the experimental work was linited to the synthesis of
(DXVIII). Seversl experiments were cerried out, cne at
235-245°, enother et 190-200°, the third at 220-225°, and the
last at about 115-116° (tempersture of boiling pyridine). The




reactions at 235-245, 190=-200 and 115=-116%, were run with

equel moler quantitics of cuprous cyanide and bropide (XLV)
vhereas the resction st 220-225% was run with better then a
two molar excess of copper cyanide over bromide. The first
reaction, 235-245°, gave a very low yield of crystalline
naterial and much coal-like mgterial; the reaction at 190-
200° gave a mixture of crystelline materials end only a small
anount of coal-like nmaterial; the reasction run at 200-2259 gave
g good yield of what is believed to be the dinitrile (LII)

shown below; the resction at 115-116° gave a mixture of
KC cﬁz .
\/\/ :GN i
III

erystalline maberials in much poorer yield than the reaction
run st 190-200°. The materisl believed to be the dinitrile :eve
& positive nitrogen test and e negative halogen tesi; an analy-
tical sample was taken of this material.

No ettempts were made at the yreparation of the Grignard

resgents, (XXXVI) and (XLIV), fron compounds (XXXV) and (XLIIT)

but it is not believed that rucn difficulty will arise when

these attempts erc nade,
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o-Bramobenzoic geid XXI {37a). A mixture of 62.4 g. of

cupric sulfate pentahydrate, 51.4 g. of sodium bromide, 296 ml,
of 48% hydrobromic acid end 35 g. of fine copper turnings was
heated under reflux for three hours, This hot solution was then
filtered through glass wool into a boiling solution of 100 g, of
enthranilic acid (XX), 230 ml of 48% hydrobramic acid and 1800 ml.
of water, The solution was stirred continuously during this
addition. The temperature was lowered to about 95° and a solu-
tion of 100 g. of sodium nitrite in 500 ml., of water was added
dropwise with stirring, After addition of the sodiwm nitrite
solution, the reaction mixture was cooled to roam temperature
while being stirred. The solld was filtered off and recrystallized
fram hot water using e little charcoal., The crystalline material
vas finally dried in a vecuum desiccator, m.p. 146=148° (Lit. (48),
149°); yield 88.6 g. (59.1%).

o-Bramobenzoyl chloride XXII (37g). A mixture of 41 g, of
o~bramobengoic acid (XXI) and 32 ml. of stock thionyl chloride wes
heated under reflux for three hours, The excess thionyl chloride
was distilled off et atmospheric pressure and the residue was
fractionated under reduced pressure, The fraction boiling at 133=




135° (23 mn.) (Lit. (378), 132-134 (22 m.)) weighed 42.4 g.

(94.6%).
The sbove compound (XXII) was also synthesized in the

following manners
A mixture of 85 g. of acid (XXI) and 92 g. of phos-
phorus pentachloride w s heated for half an hour using an
oil bath which was kept between 130-1400. Care was bak
to leave ample space for the gas which was evolved alnost
all at once (only large pileces of calcium chloride were
used in the drying tube that was attached to the reflux
condenser) and the escaping gas was led out throush a fumnel
which was inverted over a solution of sodlum hydroxide.
After the half hour of reflwxing, the lower boiling materiel
wes teken off at slightly reduced pressure and the residue wes
distilled at 25 rm, pressure, That fraction vhich boiled
between 137-138,7° weighed 86 g. (92.6%).
o-Bramobenzophenone XXIII (37a). This ketone hed been
previously prepared by Bergmarm (47). The procedure used hes
been chenged to same extent (51). A mixture of 62 g. of
gluminmm chloride and 300 ml. of anhydrous benzene was cooled in
an ice bath and stirred, A few drops of o-bromobenzoyl chloride
(XXII) wer added immediately to prevent the benzene from freezing.
To this cold solution, 83 g. of the ebove acid chloride (XX11)

in 100 ml, of dry benzene was added dropwise. The rmixture was




stirred overnight and allowed to warm slowly to room temperature.
The reactlion nixturc was then heeted under reflux for three hours,
then cooled in an ice-salt buth and decomposed with ice and
200 ml. of concentrated hydrochloric zcid. The benzene layer
was separabted and the acld layer was extracted three times with
fresh benzene. The combined benzene layers was then washed with
water which was followed by a washing with sodium carboneste solu-
tion which in turn was followed by anothor wash with water. The
benzene solution was concentrsted and then fractionated under
reduced pressure., The fraction boiling at 179-182 (7 mm.) (Lit,
(47), 151-153 (0.05 mm.); (49), 180-183 (7 mu.)) welghed 93.8 g.
(95%) .

o-Bromodiphenvimethane (&;E)_ (37b). This compound was pro=
pared previcmsly by Bergmenn (47). Vingiello (37b) found that
hydriodic acid, red phoasphorus reduction gave a higher yield than
the Clermenson reduction, used by Bergmann, provided not iore than
about 50 g. of ketone was reduced at one time., The following
procedure is a slight modification of Vingiello's which works for
larger amounts of ketone. A mixture of 93.8 g. of the above
ketone (XXIII), 93.8 g. of red phosphorus and 93.8 ml. of ebout
57% hydriodic acid (that portion of 48% hydriodic acid which
aid not boil below 123° (715 ma.) or, in other words, approximete~
1y constant boiling hydriodic scid) was stirred and heated under

reflux for twenty-four hours., At the end of the twenty-four hours




an edditional 47 nml. of 48% hydriodic acid was added and the

reaction mixture was stirred with strong refluxing for another
twenty-four houras, The reaction mixture was then cooled to
sbout 15° and made basic to litrmus with 104 sodium hydroxide.

The excess red phosphorus was filtered off, using suction, and
weshed with ether., The filtrate was extracted twice with ether
and then all the ethereel layers were combined, washed twice with
water and dried over anhydrous calclum sulfate. The ethereal
solution was finally concentrated and the residue was distilled

at 23 rm, pressure. That fraction which boiled at 180-182°
(Lit. (47), 175 (22 m.)) weighed 68.3 g. (76.9%).

EXPERIMENT #1
A Grignard reagent was prepared from 0,82 g, of magnesium,
8.3 g. of o~bromodiphenylmethane snd a crystal of iodine in about
40-50 nl, of snhydrous ether. It took about two hours for this
reaction to go to completion. The Grignard resgent was siphoned
with nitrogen pressure into a separetory fumnel end added dropwise,

with stirring, (over a period of about an hour) to 3.2 g. of

# In the order under which the reactions were discussed in the
Theoretical and Discussion of Results,
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acetyl chloride in 50 ml. of anhydrous ether. In the beginning of
this addition an ice~bath was used but when it was noticed there
was no strong exothermic reaction taking place this was removed.
Just before all the Grignard reagent had been added a precipitate
settled out of the reaction mixture and tended to block the
stirrer. The reaction was stirred one hour after the addition of
the Grignerd reagent and wes then decomposed with hydrochloric acid,
The acid layer was separated snd extracted several times with
ether. The ether layers were combined and washed with water, then
with 10% sodiun carbonate solution and finelly with water., The
ethereal solution was dried over Drierite and the ether distilled
off; the residue was then distilled at 5 rm. pressure. There were
3.3 g. of materisl which boiled below 167°, one gram which boiled
between 167-170°, and most of the rest ramained in the still pot.
The litersture ( 36) states the boiling point as 167° (5 m.) and
that the material solidifies and has tho melting point 49=50.
Attempts ab solidifying and crystallization of the lower boiling
fraction as well as the fract:l.on< which had approximately the right
boiling range were not successful.

EXPERIMENT #2
A Grignard reagent was prepared from 20 g. of o=-bromodiphenyl-

methene, 2.0 g. of magnesium and a crystal of iodine in 150 ml, of
enhydrous ether. It took 17,5 hours for this reaction to go to




completion, The Grignard resgent was siphoned with nitrogen
pressure into a separastory funnel from which it was added drope
wise, with stirring, to 5.73 7. of acebyl chloride in 130 ml,

of emhydrous ctler (Look sbout en howr for this addition). The
acetyl chloride solution was kept et ebout ~10° during the sddition
of the Grignard and for two hours after. Just before all the
Grignerd reagent had been edded the stirrer was stopped by the
precipitate which hed formed. After the stirrer was started

again the reaction was siirred for two hours with the ice-salt

bath present and then for three hours with the bath sbsent., The
reaction mixture was then decomposed with 20% armoniun chloride
solution, The ether lagyer was separated and the acld layer wes
extracted seversl times with ether. The ether layors wore come
bined and washed with water, then with 105 sodium cerbonate solution
and then with wvater ggain. Following the drying of the ethereal
golution over anhydrous celcium sulfezte the solutlon wos concentrated.
The residus wes then distilled under reduced pressure, The naterial
had the boiling range 105-185° (5 rm,) end there was quite a large
amount of material left in the still pot., TFractions vere cut

from this wide boiling material as follows: 105-158° (7.6 z.),
158-167° and 167-135° (the totel weight of the fraction 158-185

was 3.5 g.)e Seversl attempts were made at crystallization of

each fraction but none was successful. It was luter found by
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very careful fractionation that most of the lower boiling fraction

was diphenylmethanc,

EXPTRIMENT #3

, A Grignard reagent was prepered from 23.9 g. of o=bromo-
diphenylmcthane, 2.4 g. of megnesium and a erystel of iodine in
115 ml, of dry ether, The reaction was camplete at the end of
three hours, The reagent was siphoned into a dry separatory
funnel by use of nitrogen pressure, From the separatory funnel
the reagent was added dropwise, with stirring, (over a perioed
of about an hour) to a solution of 8.0 g. of acetyl chloride in
200 nl, of dry ether. The acetyl chloride solution was cooled
with a dry-ice-acetone bath during this addition. The contents
of the reaction flask were then stirred for about two hours with
the dry ice bath present and then for two additional hours with
it present but with all the dry ice gone. The reaction nixture
was then decamposed with hydrochloric acid and dealt vitﬁ
in the sane manner as in the two previous cxperiments. Upon
distillation, 8.8 g. of material which boiled ot 103-165° ( 5 rm.)
wes collected along with 6,5 g. of material which boiled at
165-175° (5 m.); some mebteriel remalned in the still pot. The
higher boiling material was redistilled and that portlon which
boiled at very near the range stated in the literature (ses experi-

ment #1) was collected and attempts ab crystallization were made
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but were not successful., Later, when the lower boiling fraction

was redistilled, it was found to be mainly diphenylmethane.

EXPERTMENT #4,

A Grignard reagent was prepared fram 1.2 g. of magnesium,
12,35 g. of o-bromodiphenylmethane snd a crystal of iodine in
sbout 90 ml. of dry ether., This reagent toolr eightecen hours o
propere, The reagent was cooled with an ice-salt bath and
8.8 ge of snhydrous cednium chloride (The hydrated cadmium
chloride had been dehydrated by heating with a free flane in a
large evaporating dish, had been kept overnight in a drying
oven mainteined gt 103°, ground to a fine pouwder in a nmortar
and stored over anhydrous caleium chloride in a desiccator.)
was added in one batclh., The Grignard-cadmium chloride nmixture
was stirred and heated under refiux for twenty minutes at the
end of which time the Gilmen test (50) wes negative. The cther
vas distilled off wuntil the residue was nearly cry and 25 ml, of
dry bengene was added and most of this was distilled off. Then
50 ml, of benzene was added and the solution was kept at room
temperaturc. %To Uhis cadmium reagent vas cdded 3.94 g. of acetyl
chloride in about 40 nml. of dry benzene (over a period of aboub
three minutea). The reaction mixture was then stirred for
seversl hours and finally decamposed by addition of ice and ice-

cold hydrochloric acid. The benzene lgyer was seperated and the
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acid lgyer wus extracted with fresh benzene., The covbinced benzene
layers were washed with 107 sodium hydrowide and then with water
and finglly dried with Drierite.  After distilling off ithe

bengene the residue vas fractionsied, From this distillstion the
foliowins fracbions were collected:s 4.65 g. of material with
boiling range 105-153,5° (3 rm.), 1.65 g. of naterial with boil=-
ing renge 153.5-156 (3 mn.) snd 1.1 g. in the range 156=165 (3 ).
Hone of these fractions gave the deslired ketone even thow:h several

attempts at erystallizaetion were made.

EPRDENT 75
A Grignard resgent was prepared fron 20 g. (0.08 mole) of
o-bro~odiphenyluothene, 2 g. (0,02 nole) of nagnesiuy ond a
erystal of lodine in 100 ml. of dry ether, This reagent took
fourteer hours for its preparation. The reggent was cooled down

with an ice salt both and 14.3 g. of anhydrous cadniuwn chloride

wos elded in one bgich. The Grignard cadnlum clldoride mirture

wzs stirred and heated wnder reflux for zbout twenty minutes ab
the and of which time the Gilman tcst (50) was negatiwv The

ether was distilled off until the residuc wes nesrly Jxy end 25 ml.
of dry bengzene was added end most of this wes distillied oY, Then
€0 nl, of dry benzene wves added oad tihe solubtion brougul to &

boil. Ten grans of acetyl chloride in aboubt 50 nl, of aniydrous

benzene was adcded to the boiling cadmium regjent ovor g pe-iod of




™

about three ninutes. Tollowinz thig thw solablon s sbivred

-,

and hegted under reflux for shout three hovrs and then Tinal

fd

J
decomposed and "worked up" in the same nmanner as reaction four,
Nine 7. of maberial had boiling range 105-1557 (5.0 :x..), 1.5 g
155-162° (5.0 :m.), and 1,7 ;. 162170 (5.0 rm1.). Atternpts

ot crystallizetion were not successful,




l’i—9

A Grignard resgent was prepared from 18,087 g. of o-bromodi-
phenylnethane and 1,899 g. of magnesium in 80 ml, of dry ether.
The reaction did not start immediately therefore a few drops of
methyl iodide were added and the reaction started and went to
completion in e short time (ebout an hour). The Grignard reagent
was siphoned, using nitrogen pressure, into a long stemmed dropping
funnel, On the long stem was attached a funnel in such a menner
that the stem of the dropping funnel was cooled when dry ice and
acetone were introduced into the funnel., The Grignard resgent,
which was cooled by passing it through the cold stem of the
dropping funnel, was added dropwise, with siirring, to a solution
of 1,.56 g. of acetic enhydride in 80 ml, of dry ether. The acetic
anhydride solution was cooled with a dry ice and acetone bath
throughout the addition of the Grignard reagent (took about
45 minutes) and for 2.5 hours after the reagent had all been added
(the stirring was continued throughout the reaction). After
this cooling period was over the dry-ice bath was removed and the
resction mixture was decamposed with 100 ml. of 20% amonium
chloride solution. The acid layer was separated and extracted
several times with fresh ether, The combined ether layers were
washed with water, then with 10% sodium hydroxide solution and

finally with water sgein, After drying the etheresl solution




over Drierite it was concentrabted and the residue distilled at

reduced pressure., There were two fractions obtained fron this
distillation, the first had the boiling point 122-125° (78 mm,)
and the second 146=150.5° (3 mm,). The first fraction was
diphenylmethene as was found from its bolling point and melting
point; there was 6,65 g. of diphenylmethane in this fraction
which would account for 54.7% of the sterting material., The
second fraction amounted to 4.65 g. (30.4%) of material which
solidified and which aftter two reorystallizations fran petro-
leum ether had the melting point 49-50°, (Lit. (36), b.p. 167°
(5 m.), m.p. 49=50°)., This compound gave a positive iodoform
test when run by the method of Fuson and Tullock (52).

A Grignard reagent wes prepared fron 2.4 g. (0.1 mole) of

megnesium, a crystal of lodine, md 24.8 g. (0.1 mole) of o-bromo-
diphenylmethane in 150 ml, of anhydrous ether. The reaction

mixture was stirred and heated under reflux for nineteen hours.

The Grignard reagent wes siphoned with nitrogen pressure into a
separatory funnel and sdded dropwise, with stirring to 17 g. (0.1 mole)
of o=~chlorobenzoyl chloride in 400 nl, of anhydrous benzene. The
reaction mixture was then heated under reflux for three hours,
Following this the mixture was decamposed with ice and ice-cold
hydrochloric acid, The benzene layer was geparated and the acld




layer was extracted with fresh benzene. The cambined benzene
leyers were washed with water, then with 108 sodium hydroxide,
and finally with water; The benzene solution was dried over
enhydrous celcium chloride and concentrated. The residue wes
fractionated twice under reduced pressure. The fraction boiling
at 220-22P (2m,) 206-208 (0.5 mm.) weighed 9.1 g. (33.3%).
Attempts to crystallize from 95% ethanol were not successful.
An enslytical sample was taken at 207°(0.5 mn.).

Angl. Calctd, for 020!115001: C,78.30; H,4.93

Found: C, 78.69; H, 4.92

The above compound (L) wes also synthesized in the following
nanner:#

A Grignard reagent was prepared from 1,2 g, of
magnesium, 12.35 g. of o-bromodiphenylmethene, and a crystal
of iodine in 100 ml, of dry ether. This reagent was cooled
with an ice-salt bath end 8.8 g. of anhydrous cadmimm
chloride (The hydrated cadmium chloride had been dehydrated
by heating with & free flame in a large evaporating dish, had
been kept overnight in a drying oven maintained at 1039,
ground to & fine powder in a mortar and stored over anhydrous
celeium chloride in a desiccator.) was added in one batch,

# This preparation is in accordence with the procedure of Cason (38).




The Grignard-cadnium chloride mixture was stirred and
heated under reflux for fifteen nminutes gt tlhe end of

vhich time the Gilmen test (50) was negetive. The cther
was distilled off until the residue was nearly dry, snd

25 nl, of dry benzene was added and most of this was
distilled off. Then 100 ml, of bengene was added and the
solution heated to boiling, 8.75 g. of o-chlorcbenzoyl-
chloride in about 50 ml, of bengene was added as fast as
the refluxing from the exothermic reection would sllow.

The refluxing ves mailntained for 15-20 ninutes by applicas
tion of external heat. The solution was then decamposed by
addition of ice~cold hydrochloric acid., The benzene layer
was separated and the acid layer was extracted with fresh
benzene. The combined bénzene layers were washed vwith

10% sodiun hydroxide and then with water, and finally dried
with Drierite. After distilling off the benzene the residue

wes fractionated. That portion whick boiled at 206-207°
(005 mo) weighﬁd 606 8. (43%)0

4 solution of 0.432 g. of the above ketone (L) in 20 ml, of
acetic acid and 5 ml. of 48% hydrobromic acid was heated under

reflux for twenty-two hours, The resction mixture was cooled
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slowly to room tempersture and then to sbout 1°, The acid mix-
ture did not yield any orystals. Following this 25 ml. of water
were added and the solution wzs carefully neutralized with sodium
cerbonate and the orgenic material was extracted with etber,
The ether extract was washed with water and finally dried over
calcium chloride. The ether was driven off loaviig & black
oil., Attempts to crystallize this residues from ethunol wexre
not successful.

Bondurant (40) made seversl other attempts at the cyclizae~
tion of the above ketone but all vere unsuccessful.

EXPERTMENT #1

4 Grignard resgent was prepared fram 2.5 g. of magnesium,
25 g. of o-bromodiphenylmethane and & crystal of iodine in 150 ml.
of enhydrous ether, At first the magnesium did not appear to
react therefore z few drops of methyl iodide were introduced and
the reaection went to completion within an hour, The Grignard
reagent was siphoned with nitrogen pressure into a separatory
funnel end then added dropwise, with stirring, to 18.2 g. of
trichloroacetyl chloride in 400 ml. of anhydrous benzene (an ice
bath was used to cool the trichloroacetyl chloride solution, in
the beginning, but when it was noticed there was no strong

exothermic reaction teking place the bath was removed). The mix-




ture was heated under reflux for two hours with the ether being

distilled off at the same time; the solution was then heated
under full reflux for an additional two hours. Following the
above, the material was deéomposed with ice and ice~cold hydrom
chloric acid. The acid layer was separsted and extracted
with fresh benzene. The benzene layers were cambined and washed
four times with water and then dried over Drierite. After dis-
tilling off the benzene the residue was fractionated under
reduced pressure and the followlng fractions were collecteds
9510 (0,1 .}, 100~116,5°(0.1 ma.) and 117-1400 (0.1 m, ).
Another distillation of the above fractions, vhich amounted to
1,2 g. for the first fraction, 4.9 g. for the second and 7.9 g.
for the last, did not give any materisl with a sharp bolling
point.

A mixture of 1.5 g. of the high boiling material was boij leqd
with 50 ml. of four percent sodium hyd.fo:dde solution and was then
cooled and extracted with ether, The sodium hydroxide lsyer was
then neutralized with hydrochloric acid and extracted with ether,
The ethereal extract was concentrsted and revealed only a very
small amount of oil but no crystalline material. It is there-

fore belleved that there was very little, if any, of the desired

ketone prepared by this experiment.
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A Grignerd reagent was prepared fro. 1.2 g. of nagnesiwum,
12.38 g. of o=bromodiphenylmethane and a crystal of lodine in
60 ml, of dry ether; this resgent took seven hours Jor 1ts
preparetion, The resgent was cooled with an ico-sall
bath-and 8.8 g. of amhydrous cadmium chloride was Introduced in
one batch., The nixture was stirred and heubed under reflux
until the Gilmen test (50) was negative (about 20 minutes).
The ether was distilled off until the residue was nearly dry, and
then 25 nl. of dry benzene was added and most of this was dis—
tilled off. Then 40 nl. of dry benzene was added end the solu=-
tion hested to boiling, A solutioh of 9.09 g. of trichloro-
scetyl chloride in 50 nd. of anhydrous benzene was added to this
boiling cadmium reagent, over a period of ghout two minutes, and
the mixture was heated under reflux for 3.5 hours. The material
in the reaction flask was then decomposed witl cold 205 amonium
chloride selution and the acid layer was separated and exttracted
with fresh benzene. The benzcne lgyers were combined and washed
six times with water and finally dried over anhydrous calcium
sulfste. After distilling off the benzene an ebttempt was made
at fractionation of the residue. From this fructionation only one
gran of material was obteined (besides same lower boiling material

which proved to be diphenylmethene) and it was noticed thal strong
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decomposition took place, This material had the boiling point
145°(3 m.). A test for halogen on this naterial, by the
sodium fusion method, was positive but an attempt at the prepare-

tion of the oxime was not successful,

EXPERTMENT #3

4 Grignard reasgent was prepared using the same gmounts of
material as in the reaction above and in e like manner, to the
above experiment, this was converted to the cadnium resgent., In
this experiment 70 ml. of benzene was added after all the ether
had been removed and instead of adding 9.09 g. of acid chloride,
144 go vasadded, The cadniun resgent—~acid chloride nixture
was heated under reflux for 13,75 hours aend then decamposed with
20% amnonium chloride solution end "worked up" the same as in
the previous reaction., There was no attempt to distill the
material in this reaction, instead chromatogrephy was resorted to.
The chromatography column was wet packed with A-5/} Adsorption
Alwnina, 80-200 mn., end Celite Analytical Filter Ald end had the
dimensions one inch in diameter by nine inches in length (very
sinilar to the column shown in figure I of the thesis of H.H.
Hannabass (49). Hexene proved to be the solvent which gave the
best separation and was used in this work, A totel of fourteen

separate fractions were collected, the first twelve were with

hexane as solvent, the next with ethyl alcohol and the last with
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acetone, After all the solvent was driven off these freactions,
they were observed to see whether any crystalline material hed
formed; crystalline material was not present. Following this
some of the earlier fractions were combined and were found to be
mainly diphenylmethane upon distilletion. The rest of the
fractions were tested for halogen (those fractions with smaller
anounts of naterial were combined with the next higher or lower
fraction so as %o have nore material with which to work) by the
godium fusion method and those fractlons which gave a positive
test were trested as followst®
&bout 15 nl, of about five normal sodium hydroxide
solution was added to each fractior and the materisls were
shaeken vigorously (this wes at room temperature) every few
ninutes until about 40 minutes had pessed. Following this
each fraction was extracted with ether. The sodium hydroxide
solutions were neutralized with hydrochloric acid (one portion
showed a fairly strong cloudiness at this point but no solid
settled out) and cooled in an ice~salt bath. The neutral
solution was then carefully extracted with ether. When the
ebher solutlons were concentrsted there was no crystalline

material to be observed bud only a very small smount of oil.

# For conditions for comversion of 1,1,l-trichloroacetophenone
to benzolc acid see reference (43).
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EXPERIMERT #4%

4 Grignard resgont was prepared fror 28.3 g. of o-bramnodi-
phenylmethane, 2.78 g. of magnesium and a crystal of 1odine in
120 ml, of dry ether; this resgent took two hours to prepare.

The ether was replaced by benzene and the reagent cooled with

an lce=salt babth, To this cold Grignard resgent was added
dropwise, with stirring, 16.55 g. of trichloroscetonitrile in

50 ml., of dry benzene (later more benzene was added). The first
drop of nitrile turned black and before many more drops were

edded a black gumy precipitate was formed. The stirrer wes

able to keep going just long enocugh to allow all the nitrile to
be added, The ice=balth was present throughout the sdditlon of
the nitrile bubt was eliminated when the stirrer stopped. The
material was allowed to heat to room tempersture and yet it was
impossible to stir it, The reaction nixture was then subjected
to decomposition with gmonium chloride, tut this was not succesgs-
ful, therefore dilute hydrochloric acid wss used and this was
only slightly successful., The 80lid neterial was removed and the

ligquld that wes left waes "worked up" in the usual memner. The

* In experiments #4 = #7 trichloroscetonitrile is used. This
nagterial was obtalned by following the procedure of Bisschopineck
(53) (distilling with a free flame, at atmospheric pressure,
equal molar quantities of phosphorus pentaoxide and trichloro-
acetamide) in 61% yleld. The procedure of Steinkopf (54) was
used to eliminate any hydrogen chloride that nmight have been
present (shaking of the material with calcined potassium carw
bonate
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solid material was insoluble in boiling hydrochloric scid as well
as in alcohol, benzcne and acctone. From the liquid portion only
a small spount of naterial, which is believed to be diphenylmethane,

wes obtained.

EXPERIMENT #5

A Grignard reagent was prepared from 19.2 g. of o-bromodi-
phenylmethane, 1.9 g. of magnesium and a crystal of iodine in
120 ml, of dry ether; the resgent took eight hours to prepare.
The Grignard reagent was cooled with an ice-salt bath and 7.4 g,
of cadmium chloride was added in one batch, The Gilman test
wes negotive at the end of 15 minutes of refluxing. To this
cadniunm reagent was added 100 ml, of ether and the reagent was
cooled sgain in an ice=~salt bath., A nixture of 10.0 g. of
trichloroacetonitrile in 100 ml. of ether was then added, slowly
at first and later rsther rapidly, for no strong exothermic reaction
took place., The reactants were then heated under reflux for
three hours and finslly decomposed, after first cooling, with
dilute hydrochloric scid. The acid layer wes sepasrated and ex=
tracted with fresh ether. The ether lgyers were combined, washed
three times with water, and finally dried over Drierite, After
distilling off the ether the residue was chromstographed in the

sar1> manner a5 in experiment #3. . From this experiment a large

smount of diphenylmethane was obtained (the equivalent of more then




half of the starting material) along with less than 0,175 g. of
crystalline material and 2,7 g. of some guwmy naberigl. ilso
obtgined was some black material very sinilax in neturc Lo tie
material obtained in experiment #4. The crystalline naberial
gave a weak halogen test but was insoluble in strong sodium
hydroxide solution (did not dissolve even after stending in the
base for severgl deys). The 2.7 g. of sanewhat gumy material
and the materisl that wes obtained by waeshing the column with
acetone vwere subjected to the sodium hydroxide treatment described

in experiment #3 and no acid (LI} was obtained,

EXPERIMENT #6

A Grignard reagent was prepared from 16,7 g. of o-bronodi-
phenylmethane, 1.66 g. of megnesium snd a crystal of iodine in
70 ml, of dry ether. This resgent was cooled with an ice-bath
and 6,65 g. of anhydrous cadmium chloride wes added in one batch.
The Grignard-cadniun chloride mixture was hested under reflux for
about twenty minutes and the Gilman test wes spplied and proved
negative. The ether was distilled off untll the materiel in the
flask was elmost dry eand then 20 ml. of dry benzene was added and
most of this was distilled off. Following tils 70 ml, of dry
benzene was added ¢nd the material was cooled with an lce~-salt
bath. To this cold reagent was added 8.3 g. of trichloroacetonitrile

in 40 ml. of bengene snd the mixture was then heated under reflux
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for 3.5 hours., After this reflux period the material was decamposed
with very dilute hydrochloric acid {the acld-complex mix was heated
for a short while to insure the decomposition)., The acid layer
wee separsted snd extracted several times with benzene. The ben-
zene layers were combined and washed three times with water. The
bonzene was next distilled ofi and the residue chromatographed
through a column similar to thet explained in experiment 43
petroleun ether was used as solvent, for hexsne was not avallable
at the time. Much meterial, which did not give e positive test
for helogen, wes obteined (8.8 g.) along with 0,37 g. of
erystalline materisl and about 0.5 g. of yellow oil. The oil

end crystalline naterial as well ss the colwan wesh (the meterial
thet wee weshed from the colunn with alcohol and acetone) were
subjected to the strong base tresiment explained in experiment #3,
but did not yield any of the scid, Some black meberial similar

to that explsined in experiment #4 was slso obteained.

EXPERTMENT #7
A Orignard reagent was prepered from 15.7 g. of o=hromodi-
phenylmethane end 1,55 ge of megnesium in 100 ml. of dry ether,
A few drops of methyliodide were added and the reaction started
and went to campletion quickly., This Grignard reagent was con-
verted to the cadniun reagent and the ether was distilled off and

replaced by 110 nml, of dry benzene. This benzene mixture was kept
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at room tempersture and 11.9 g. trichloroscetonitrile in 20 nl.
of dry benzene was introduced all &l once. The reaction mixture
was stirred and heabed under reflux for fourteen hours (it hed a
very derl: brown color at the end of this tine). The complex,
after first cooling, was decomposed willi cold, one-nornel,
sulfuric acid. After separsting the acld lgyer and exirecting it
with benzene, the benzene leyers were convined and washed saveral
times with water., The benzene was dlstilled off and the residue
uas‘fractionated &b reduced pressure. Several fractlons vere
collected, the first was diphenyimethenc, the second wes a
reddish materiel which had the builing rauge 127-145 (1.0 m.)
and the last was s5olid material which was obtained (in snall
yield) by heating the still column. Hone of these fractions
gave any o-benzylbenzolc acid (11 ) when treabted with strong base
(in the sepe memmer as is explained in experiment i#3; the solid
nmaterial when it was treated with the base was heated a little,
but it did not dissolve). Some black material was also obtained

in this experiment that had properties similar to those explalned

for the material obtained in experiment i‘4.
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B n_of 2l Jdphenylmethane
2-Bramo-5=clilorobengolc scld XXXII (45). A mixture of 90 g.

of cupric sulfate pentehydrate, 75 g. of sodiua bramide, 50 g.

of fine copper turnings and 400 ml. of 48% hydrobromic acid wes

heated under strong reflux for three hours. This hot solution

was f£iltered through glass wool into a boiling solution of 150 g.

of 2-gmino-5-chlorobenzoic acid (XXXI), 600 ml, of /48% hydrobromic

acid and 5000 ml. of water (the solution was stirred continuously

during this addition and was kept boiling until the addition of the

sodium nitrite solution). A solution of 150 g. of sodium nitrite

in 700 nl, of water wes edded dropwise, with stirring, to the

hot acid solution and heat was applied spasmodically to keep

the temperature of the solution high. After addition of the

sodlum nitrite solution, the reaction mixture was cooled to room

temperature while being stirred. Following this the mixture was

cooled in an ice-salt bath and then the acid filtered off. The

solid was recrystallized from water using a little charcoal. The

crystals vere finelly dried in a vacuun desliceator, m. p. 143-149°

(Lit. 45), 148-149°; 153°); yleld 155 g. (75.24%).
2-Bramo-5-ohlorobengoyl chloride XKIIL (46). & mixture

of 20.3 g. of 2-bromo=5-chlorobenzoic scid and 18.5 g. of phosphorus

pentachloride was heeted under reflux, using an oil beth which

was kept between 130° and 1400, for a helf hour. The lower boiling




material was distilled off under slightly reduced presszure and
the residue was then fractionated, That fraction which boiled
ab 146.5-149.5(22.3 1. ) (Lit, (46), 146=1477(23 mn.) nepe 34~
35°%) weighed 19,9 g. (90.9%) and hed m.p. 34-35°.
2~Brono=-5=chlorobenzophenone LXIV. This compound has not

been reported in the literature, therefore the ssme procedure

was used for its preperation as was used for the preparation of
o=bromobenzophenone (XXIII). A mixture of 25,3 g. of alumimm
chloride and 180 nl, of benzene was cooled in en ice bath and
stirred, A few drops of s solution of 38,5 g. of 2-bromo-5-chloro~
bensoyl chloride (XXXIII) in sbout 7fD ml, of benzene was added
immediately to prevent the bengene fron freezing and then the
remainder was added dropwise. The mixture was stirred overnight
and allowed to warn to roam temperature. The reaction nixture

was hected under reflux for three hours, then cooled in an lce
bath end decamposed with ice and gbout 120 nl. of concentrated
hydrochloric acid. The acid layer wes separated and extracted
with fresh benzene., The benzene layers were combined, washed
with water, then with sodium carbonate solution, and agsin with
water, The bengene solution was concentrated end then fractionated
under reduced pressure. The fraction boiling at 172-173"(1 rri.)

later solidified and had the melting polnt 100.5-1027; this

fraction weighed 42.3 g. (92.8%). The material was recrystallized




ethanol,
Anal, Caled. for 01333001131'3 C, 52623 H, 2,73
Found: ©, 52,663 H, 2,80.
L0, This compound hes

not been reported in the litersture therefore the same method
was tried as was used to prepare o-bromodiphenylmethane ((XIV);
the procedure gave only & very poor yleld therefore it was
modified as followss A mixture of 33 g. of 2~bruno=S-ciiloro-
benzophenone (XXXIV), 33 g. of red phosphorus and 33 nle of
that fractlon of 43¢ hydriodic acid which boiied above 122°

(715 mn,), was stirred and heated under strang reflux for

44 hours. The reection flask was cooled to room tempersture and
about 50 ml, of distilled water was added. The red phosphorus
was filtered off using suction, and was washed with ether. The
acldic solution was then neutralized with 105 sodimm hydroxide
and then extracted with ether. The ethereal solutions werc come
bined, washed with water several times and dried over anhydrous
calciun sulfate, After distilling off the cther the residue was

fracticnated. That fraction which boiled at 168-170° (3.5 rm.)

weighed 22,6 g. (725). (At one :m. pressure the boilirg point is
158-158,5°) .

nal, Celed. for CygHyoC1Brs C, 55.4465 H, 3.58
Found: C, 55,30; H,3.71.
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Prepargtion of 2-BromowS-chloro=3!'-~chlor
2-Bromo-5=chloro-3!=chlorobengophenone XLII. This campound
has not been reported in the literature. The method thal was

used for its preparstion is similer to that used by Van Oot (55)
for the proparation of one of his halogen substituied benzo=
phenones, A Grignard resggent was prepared from 60,32 g. of
m—chlorobromobenzene, 7.65 g. of msgnesium and a crystal of iodine
in about 200 ml, of ether. The reaction was compicte in about
an hour but was let run en additional hour at which tine the
golution was cooled with an ice bath. Cadniun chloride, 28.9 e,
which had previously been trested as described below was added

in one batch (the hydreted cadmium chloride had been dehydreted
by hesting with a free flane in & large evaporetiny dish, had
been kept overnight in a drying oven maintained at ebout 103°,
ground to a fine powder in a mortar and stored over celcium
chloride in a desiccator). Within 20 minutes the solution had
darkened and the Gilman test (50) proved negative at the end of
this time., The ether was distilled off to almost dryness end
then 50 ml. of enhycrous benzene was added and most of this

was distilled off. Then 150 ml, of dry bengene was added and
the golution was heated to boiling, To this boiling solution
was added 65.5 g. of 2-bramo-5-chlorobenzoyl chlorice (XXIII)
just as quickly as the refluxing would allov (23 min,). Follow=-

ing this externel heat was spplied for 40 minutes at the end
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of which time the solution was decomposced by pouring it on
ice mixed with dilute sulfuric acid., The benzenc layer was
seperated and the acid layer wes extracted twice with fresh
benzene. The acid layer was then nmade just basic with sodium
hydroxide solution gnd was extracted with ether, The benzene
extractions were conbined and washed with weter, dilute sodium
hrdroxide solution snd £inally with water egain., The ether
extraction was washed with water end combined with the benzene
solution. The combined solution was dried over Drierite and
then concentrsted. The reaidue was froctionated and thet
fraction which boiled between 203-206.5 (3 mm.) or 178-183°(0.5-
1.0 rm,) weighed 57.4 g. (72.68). This nateriel solidified
and was recrystallized from ethanol, m. p. 75-75.5,"
OM&,&%: C, 47.31; H, 2.14

Found: C, 47.30; H, 2.27

&=Bromo=5=-chloro~3'=chlorodiphenylnethane XLIII. A mixture
of 70 g. of the above ketone, 70 g. of red rhosphorus and 75 ml.

of that fraction of 48% hydriodic acid which boiled above 122°
(715 z;mz.) , was stirred and heated under strong reflux for 40
hours. The resction nixture was cooled with an ice bath,

aebout 60 ml, of distilled water was added and the red phosphorus
was filtered off using suction; the red phosphorus wes then
washed with ether. The acid nixture was made just basic with




cold 15% sodiun carbonabe solution and extracted wita ether,
The ebher solutions were combined end washed with 10% sodium
hydroxide solution uhiclh was followed by several wasiings with
water. The ethereal solution was driled over Drierite and the
gther vas distilled off. The residue was fractionated ab
reduced pressure. That fraction which boiled at 180.5 - 182,5°
(2.0 rm,) welched 45.25 g. (67.78). in enalytical sample was
taken at 166° (0.5 m.).

inal. Calcd. for 81331901213:‘: C, 49.403 H, 2.87

Found: C, 49.62; H, 2.91

Preparation B - orobenzonitrile (C2XVIII),

EXPERIMENT #1
A mixture of 22.6 g. (0.08 mole) of 2~bromo-5=-chlorodi-
phenylmethane, 7.2 g. {0.08 mole) of cuprous cyanide anc¢ a snall
crystal of enhydrous cupric sulfate was placed in a 100 ml.
flask with 18 nl, of anhydrous pyridine. The nixturc ves
stirred and herted for 24 hours at a bath temperature of 235-
245°; the pyridine was permitted to evaporate off gracdually

during this period through an alr condenser which was attached

to the reaction flask, Following this the materisl was subjected

to a crude distillation by use of a von Braun distilling

apperatus; this was run at 2,0 mm. pressure. The material,




69

vhich was a solld abt this time, was dissolwed in ether and

then washed with dilute amonium hydroxide. Af'ter extracting

the gmoniunr hydroxide layer with fresh ethor, the ether

solutions were coibined, washed with two normgl hydrochloric acid,
then with water and finglly drled over Dricrite. The ether was
distilled off and the resldue was fractionated, Fro: this
fractiongtion 6.1 ., of materiel was obteined whieh had the boiling
range 95=148° (1,0 rm,.). The distilling flssk, alter the von Braun
distilla“;;ion, conteined 20,1 7. of coal-lile nuterisl. The
experiment was discontinued because the nmzterisl that was oblained
vas a mixture (the liguid solidified and had a wide nelting point
range) end because it appeared :ore feasible to try anotherreaction

ot a lower lempersiture.

EXPERTMINT #2

This experiment wesmm in spproximately the same manner as
+he reaction abovej the only differcnces were that in this case
slightly larger smounts of materisl were used (but the nolar
ratio was not chenged), the bath wss kept st 195-205° instead
of 235-245°, wnd a benzene=ether solwert (one to one wolume
ratic) was used for the extractions instead of ether, Upon
distillation the following fractions werc colliectecd:  143=
1499, 149-153°, 153-157°, 157-164°, 164»17C° and 170-173° (all

were at about 1.0 :m. rressure). The first frection gawe a

few crystels after stunding a week, the second gave some




cryctals aftter standing a few hours and the third crystallized

out Irmmediztely upon cooling. All these crysteals had the
melting point 65-67 eand the total yield was 6.15 g. Upon
recrystallization of fraction three, vhich mounted to 3.65 g.,
from petroleun ether some erystals spnecred which had nelting
point 72—-’750; the mothe:é liquor gave same crystels with melting
point ¢7-69,  Fraction four also erystallized out immediatcly
upon cooling and this fraction, which weighed 6.9 ¢., rave
material with melting point 72~7.4° upon recrystallization from
ethanol; after two more recrystalliszetions from ethanol the
melting point rose to 75=77°,  Upon recrystellization of a
portion of fraction four from petroleun cther, crysicls formed
which had melting point 77-78,5° end thet portion uhich refused
to dissolve in the petroleun cther had melting point 52,5~
850, The mother liquor from these reerystallizations geave
erystals with melting point 70-71°. Fraction five consisted
of crystalline material as did fraction six, These fractions
had wide melting point ranges (80-95°). It is definlte, from
vwhat 1s spid 2bove as well as what is sgld in the {ollowing

exporiment, that tids procedure givos a wmdzdure of ngbtorizls

and therefore 1z probably of little synthetic value.
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EXPERDMNT #3

A mixture of 10 g. of 2~bromo-5~chlorodiphenylmethane
(0.035 mole), 3.18 g. (0.035) of cuprous cysnide and a very
small pinch of anhydrous cupric sulfate were placed in a
100 ml, flask along with 30 nml. of anhydrous pyridine. This
nixture was heated under full reflux for 48 hours., At the end
of this period the nixture wes cooled and filtered. The
pyridine aolufion was then washed with dilute amonium
bydroxide (one part concentrated to five parts water). The
combined enmoniwm hydroxide-pyridine solution was extrected
with & bengzene-cther (one to one volume ratio) solvent, The
benzene-sther solution was washed with water, then with two
normal hydrochloric acld, and finally with water again. After
drying the solution over Drierite the solvent was distilled off
and the residue crystalliged. This erystalline material ves
recrystellized from ethanol with the use of 2 small anount of
charcoal, end had the melting point 73-75°; upon repested recry-
stallizations the melting point kept on rising, the last melting

point was 83-85°,

A mixture of 10 g. (0.035 mole) of 2-bromo=5=-chlorodi-
phenylmethane, 7 g. (2 X .035 ¥ .64 g.) of cuprous cyanide, &
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very small pinch of anhydrous cupric suifecte and 10 nml, of
anhydrous pyridine were placed in a 50 1:l. round bobton flask
which was equipned with en elr condenser. The pyridine was
alloved to ewmporate slowly by gradually raising the tempercture
of the bath in which the reection flask was placed. The baoth
was nmaintelned at 220-225° for 48 hours after the pyridine
was remowad, At the end of the two dey period the reaction
flask wes cooled snd the alr condenser was replaced by a von
Braun distilling head, The reaction mixture was erudely dis-
tilled =zt 2.0 ‘7. prossure and the distilled naterial sub i ected
Lo axtraction with a henzene-ether solvent. The bengzene-ether
solubion was washed with dllute smoniun hydroxide, thon wlth
water, then with 2,0 normel lydrochloric acid and finally with
water szain, After drying the solution over Irierite the
golwent was distilleG off and the residue erysbellized. This
erystalline naterial weighed 3.3 g. {12.65) after one recrystelliza-
tion fro- ebhenol end had the welting point 119-120,5 (this melt~
ing point did not change upen repeated recrystalligetion).

Anel. Caled.: C, 825431y k.62

Found:  CB2.51; u,4.70

82,77 4,48




SUMARY

A literature review has been made concerning the stiructural
relationship of DIT to its insecticidal activity.

Three reaction paths (Charts II, III and IV) have been
shown for the preparation of the following ithree compounds which
are of interest because they are structurally related Lo DIT: O=-tri-
chloromethylanthracense, 3—_cbloro-9-triclﬂoromethylanthracene and
2,7=dichloro-10=trichloramethylanthracene, The reactions shown
in these outlines were carried through to the preparation of the
following compoundss

Path 1 (Chart II) o-benzylacetophenone (XXVIII) end to the
atbtempted, but unsuecessful, preparation of trichloromethyl-

2-benzylphenyl ketone (XXIX).

Path 2 (Chart III) 2~bramo=-5=-chlorodiphenylmethane

(XXXV) and to the attempted preparation of 2ebenzyle/-chloro-

benzonitrile (XXXVIII) (explained further below).

Path 3 (Chart IV) 2-bromo=5=-chloro-3'=chlorodiphenyl-

methane (XLIII).

The preparation of o-benzylacetophenone was accomplished by
using the appropriste Grignard reagent and following the procedure
of Newman and Booth., This method, which had not been used
previously for the preperation of this compound, opens another

line of sttack for the preparation of the trichloromethyl ketones
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from which the enthracenes might be prepared. Two other methods
were studied for the preparation of this compound, they were
the reaction of (1) the spproprizte Grignard resgent end

(2) the appropriate cadmium reagent with acetyl chloride, but
both proved to be valueless,.

A series of experiments have been shown whereby tihe conver-
sion of 2«bramo-5=chlorodiphenylmethane to 2-cyano-5-chlorodi-
phenylnethane has been attempted. The study of this conversion
was not completed but it does appear that it would probably be of
1little synthetic value because of the mixture of compounds
obtained.,

The synthesis of 2-benzyl-2t-chlorobenzophenone, which is of
interest in the study of aramatic cyclodehydration and which has
not previously been reported in the literature, has been accom-
plished by two different methods.

Two new benzophenones, 2-bromo-5echlorobenzophenone and 2~broro-
Ewchloro=3'ecilorobenzophenone, and two new diphenylmethanes,
2=brano-5«chlorodiphenylmethane and 2=~brono-5-chloro-3t=chlorodiphenyl-
methane, as well as a new dicyano compound, 1,4=dicyanodiphenyl-
methane, have beon gynthesized and some of thelr physical properties

reported.
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