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This investigation was undertaken in order to extend a series of
diphenylmethanes prepared in this laboratory. The preparation of nine
hydrox}:ymathyl-chloro'-diphenylmethanes is described,

(/‘;wo methods of direct alkylation of o- and p-cresol were used., ihen
the condensation was carried out using acidic conditions (aluminum

chloride), p-alkylation of o=-cresel took place.
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However, if basic conditions were used in a "non-dissociating® —

solvent, only o-alkylation occured, E. Claizen and 3, Tietze, Ber,., -

588, 275 (1925); Rer., 59B, 2344 (19263‘. The corresponding ethers were

also produced as side-products in this reaction,
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CHZCI oH CH2© o Hig—0
c1 a 1 + Ccl
3 1

2=, 3=, 4= 2'a, S', 4'- 2=, 3=, 4= S

The ethars produced in the above reactions were also synthesiszed
b- allowing the appropriate chlorobensyl chloride to react with o« or
p=cresol in a sodium hydroxide-ethyl alcohol medium,

It was found that if xylene was used as the solvent as sugzested by
o B, Wheatley et al, [J. Am. Chem. Soc., 71, 64 (1949)] , instead of
the lower boiling toluene, the yields of both the diphenylmethanes and
ethers wore substantially increagsed in many cases.

In an indirect method of preparation of these hydroxy=methylechloro'-

lichenylmethanes, the following series of reactions were used:

C0.C1 OH CO. 0.0
— \ti CHs
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INTROD"CTICN

There have been a large series of hydroxydiphenylmethanes pre-
pared in this laboratory under the direction of Dr. R. C. Fuston (1).

Of this series, the chloro and brormo derivatives of o- and
p-benzyleted phenols and recently (2) the o- and p-monobromobenzylated
o- and p-cresols have been shown to possess specific bactericidal
activity.

This investigation was undertaken in order to extend the series
to incluie the o- and p-monochlorobenzylated 6- and p-cresols as well
as the evaluation of activity of the methylphenyl-chlorobenzyl ethers
and the hydroxy-methyl-chloro'-benzophenones prevared as biproducts

and intermediates, respectively.



HISTORICAL

The prevaration of diphenylmethanes can be accomplished by a number
of different methods. The parent compound itself was first isolated
by Jena (3) in 1870, His method of preparation involved heating di-
phenylacetic acid with sodium carbonatse.

The first hydroxydiphenylmethane wns prepared by Paterno (4) in
1872, This benzylphenol was prepared by heating a mixture of phenol
and benzyl chloride in the presence of zinc dust.

In 1875 Paterno (5) isolated the same compound andi an oil from
the resction products of ophenol and benzyl alcohol condensed by a mix-
ture of sulfuric and acetic acids. It was later shown by Rennie (6)
that the crystalline compound was the p-benzylphsnol while the oil was
the ortho isomer. The latter compound, when sufficiently pure, is 2
solid at room temperature. Rennie prepared these benzylphenols by con-
densing benzyl chloride with phenol using zinc chloride as the catalyst.
The two isomers thus formed were separated by precipitating the o-isomer
as the barium salt, BRennie also states thet aluminum chloride and
ferric chloride will function as condensing catalysts. The credit,
however, for sugresting that zinc chloride and not zinc was the catalyst
for condensations involving benzyl chloride, must go to Leibmann (7).
His suggestion was fully justified when he found that benzyl alcohol
would condense with phenol in the presence of zinc chloride to give
p-benzylphenol.

The use of aluminum chloride as a condensing agent will be dis=-

cussed in detail in a lster part of this section.



Yore recent acidic condensing agents that have besn employed
with varying degrses of success on comoounds of this type are boron
trifluoride (8), hydrogon fluorids (9), and sulfonic acid estars (10).

In 1905 Auwers (11) heated, in the absencs of a catalyst, equi-
molar quantities of 3,5-dibromo-4~hydroxybenzyl bromide and a phenol
to 100-150° until thers was no further evolution of hydrogen bromidae.
This reaction yislded o- and p-derivatives in the cases of phenol and

o-crasol as well as the dibenzylated products of p-crasol.

FRIZS RBARPATGHRMMT

Diohenylmathans and its derivatives can frequsently be -ads by re-
duction of the corresponding benzovhsenons.

Thers are a numhzr of methods availabls for the presparation of
these kotones. Cne of the sarliest methods used to prepare bsnzo-
phenons itself was the condensation of benzoic acid with benzens (12).
The condensing agent used was phosphorus pentoxide.

NMencki (13) prepared hydroxy ketones by condensing fatty acids
with phenol in the presence of zinc chloride. This method was later
utilized by Johnson (14) and b Dohme st al, (15), to prspars a series
of acyl derivatives of rssorcinol. The reaction is adaptable to
aromatic acids in some casss as indicated by the successful prepara-
tion of benzoylressorcinol (16).

Another method that is varticularly adaptable for the preparation
of volyhydroxy benzophenones is the Moesch reaction (17). ¥larmann (18)
has used this reaction very extensively in his work on alkylated

rasorcinols,
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The Frisdsl-Crafts reaction, in vhich a phenol or an aromatic
ethar is condansed with an acid chloride or acid anhydride in the
presance of aluminum chloride, is a widely used method of preparation
of hydroxybsnzophenones.

Fowavar, according to Blatt (19) the best method of prevaration
of aromatic hydroxyketones is to rearrange the phenyl esters with
aluminum chloride. This is known as the Fries rasaction (20).

The benzoyl estsrs of o- and p-craesol have been rearranged to give
ovaer 90 percant yields of the kstones (21). Ilosenmund and Schnurr have
also rearranged the o-chlorobenzoate, the o-bromobenzoats, and the p-
bromobenzoats of p-cresol in practically quantitative yields.

This reaction is discussed in great detail in "Crgzanic Reactions"
(19) and so a more comprehsnsive survey will not be taken up in this

thesis.

WOLFT =FISTT4R RIDIICTION

There ars three main methods available for the reduction of
ketonss to their corresponding hydrocarbons.

The Clemmsnsen (22) method of reduction is useful in reducing
many aliphatic, alicyclic, and aliphatic-aromatic ketones but is gener-
ally unsatisfactory for aromatic-aromatic ketones (23). Thers are some
exceptions to this statemant. TFor example, Klarmenn (18) was able to
reduce 4'-chloro-2,4-dihydroxyhenzoohenone to ths corresponding di-
phenylmethane in 33 percent yield.

3radlow and Vanderwerf (24) found that if the ortho positions of
benzophenons ars substitutsd the yields of the corrasponding diphenyl-

methanes are fairly good.
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The second main msthod of reducing kstonss to hydrocarbons in=-
volvss catalytic hydrogenation. This method suffers from the defsct
that other unsaturated points of the molecule may be attacked. In
addition the carbonyl group must be conjugated with an aromatic sys-
tem (25). Howsvar hydrogenation with palladium=-charcoal catalyst at
normal tempsrature and oressure has been found to be an effective
means for the complete reduction of the conjugated carbonyl group (26).

The final common method of rsducing ketonss is by the use of the
Wolff-Kishner reaction (27). In this method the carbonyl group is
converted to a hydrazone or semicarbazone and this is then decomvosed
by using a strong base such as sodium ethoxide.

Cook et al., (28) have been able to reduce camphor to camphane in
yields of 84 percent.

The method is equally as good for aromatic aliphatic ketones in
that Tock and Stach (29) were able to reduce 4-methylacetophenons to
4-athyltoluene in an PO percent yield.

Recontly the mathod has been revised so that large amounts of
material could be used. Thus a charge of 168 grams of 5=keto-B-methyl-
nonanoic acid was reduced in 48 hours to isodecancic acid in a 92 per-
cent yield by Soffer et al. (30).

Huang="finlon (31) further modified the method and was able to re-
duce a charge of 500 grams of P -(p-phenoxybenzoyl)-propionic acid in
aporoxinately 6 hours. VYield amountsd to 95 percent.

A discussion of the Wolff-Kishner reduction can be found in "Organic
Reactions" (32) and a more detailed review of the reactions seems un-

necessary at this point,.



ALKYLATION USING ACIDIC CONDITICNS

The general method of alkylation using acidic catalysts, known
as the Friedel-Crafts Synthesis, is completely covered in the litera-
ture (33). In addition the condensation as apolied to aromatic com-
pounds has been covared in a very elegant mannsr by Gyorgy (2).
Therefore, only those references which are pertinent to the benzylation
of phenols using aluminum chloride will be cited.

Huston and coworkers (1) have extensively studied this benzylation
of phenols. The alkylation of phenol using aluminum chloride and benzyl
alcohol was first reported by Huston in 1920 (34). “hen one mole of
benzyl alcohol and 1.1 moles of the phenol were treated with 0.5 mole
of aluminum chloride at 20-30°, a 45 percent yield of p=benzylphenol
was obtained. Petrolsum ether was used as the solvent. Later it was
found that when o-cresol was treated with benzyl alcohol and aluminum
chloride under approxinately the same conditions the main product was
2-maethyl-4-benzylphenol but that some of the o-benzylated and di-
benzylated compounds could be isolated (35).

This method of preparing benzylated phenols was extsnded to benzyl
chlorides and o-cresol and finally to the chloro and bromobenzyl
chlorides and phenol (1l). Recently the para monobromobenzylated o=
cresols were synthesized (2).

The best conditions for carrying out this reaction were worked
out by Huston et al, (1). They found that the maximum yields could
be obtained when three moles of the phenol and ons mole of the benzyl
chloride, catalyzed by one-half mole of aluminum chloride, were allowed

to react at 20-35°, They used petroleum ether as the solvent.
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ATKYTLATICN USING BASIC CONDITIONS

As has been seen from the previous discussion all the reactions
involving the direct alkylation of phenols have proiuced presdominately
the para substituted compound unless that position was already occupied.
This difficulty was solved by Claisen in 1923 (36).

The results of his investigations showed that when the sodium salt
of a phenol is treated with an active halide of the alkyl or benzyl
type in a "non-dissociating" medium such as toluene, carbon alkylation
takes place exclusively in the ortho position. Some oxygen alkylation,
howaver, does occur. OCn the other hand, if the reaction is carried out
in a "dissociating" medium such as methyl alcohol, alkylation takes
place almost exclusively on the oxygen,

Several other investigators (37) had noticed this carbon alkyla-
tion in basic solution and had mentioned it in their papers but they
did not further investigate the matter.

The first extensive work by Claisen was carrised out using allyl
halides but later was extended to the benzyl halides (38).

Huston and coworkers (1) have used this reaction to prepare the
orthobenzylated compounds of phenol, o-cresol, and v-cresol. The
field was then extended to chloro and bromobenzylated phenol as well
as benzylated chloro and bromophenols and cresols, Recently the
series was further extended when the bromobenzvlated o- and p=-cresols

were prepared (2).
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DISCUSSICN

The purpose of this investigation was to extend a series of di-
phenylmethanes that have been prepared in this leboratory. The nine
ortho and para monochlorobenzylated o- and p-cresols were successfully
prepared.

Eight of these substituted diphenylmethanes were synthesized by
a three step synthesis which involved the preparation of the methyl-
phenyl chlorobenzoates, rearranging these esters with aluminum chloride
(20) (Fries rearrargement) to form hydroxy-methyl-chloro'-benzophenones,
and finally reducing these ketones by means of the Wolff-Kishner re-
action to the corresponding hydroxy-methylechloro!-diphenylmethanes.
The six esters and nine ketones thus produced were also isolated and
characterized.

By using the Friedel-Crafts method to prepare the para chloro-
benzylated o-cresols and the Claisen method of C-alkylation to prepare
the ortho chlorobenzylated o- and p-cresols, it was possible to make
all nine of the desired hydroxy-methyl-chloro!=-diphenylmethanes by a
one step synthesis.

The six methylphenyl-chlorobenzyl ethers, produced as side products
in the Claisen (36) method of C-alkylation, were also isolated and
characterized. The structure of these ethers was further established
by & second method of synthesis.

Finally, the product, isolated when 2-hydroxy-5-methyl-2'-chloro-
benzophenone was subjected to the Euang-Minlon (31) modification of
the Wolff-Kishner reduction (27), was identified as 2-methylxanthene.
This xanthene was also prepared by hydrogemating the known compound,

2-methylxanthone.



The six msathylphenyl chlorobenzoates were readily prepared from
0=, m=, p-chlorobenzoyl chloride and the necessary o- or p-crasol.
The method of preparation used was essentially the same as that des-
cribed by Ralston (39).

There was little difficulty encountered in the purification of
the products, the details of which are found in the experimental sec-
tion. The yields of thess reactions ranged from 79.0-90.8 percent.

The rearrangement of these esters to the corresponding hydroxy-
methyl=chloro'=benzophenones was accomplished by using aluminum chloride.
Thers are various methods available for carrying out this Fries re-
arrangement, The merits of each of these methods are discussed in
"Organic Reactions" (19). The procedure used, because it is recom-
mended for benzoyl type compounds, consisted of treating the ester
with aluminum chloride at 130-180° for 45 minutes for the o-cresyl
esteors, and 140-160° for 10 minutes for the p-cresyl esters, without
the aid of a solvent, The aluminum chloride complex was then decom-
posed, using dilute hydrochloric acid, and the resulting solid dis-
tilled at reduced pressure.

The rearrangement of the o-cresyl esters always gave two ketones
with the p-hydroxybenzophenone isomers predominating. The latter were
readily separated from the o-hydroxy isomers by the judicious use of
solvents, the ortho isomer being more soluble., After separating the
two isomers they were purified by recrystallization from appropriate
solvents.

The o-hydroxybenzophenone always had a lower melting point than
the p-hydroxybenzophenone and was always yellow whereas the p-isomer

was white. This color is reported being due to chelation (40).



The three hydroxy-methyl-chloro'=-benzophenones obtained from the
three p-msthylphenyl chlorobenzoates always contained a small amount
of the corresponding chlorobenzoic acid. This is probably due to in-
complete rearrangemsnt of the ester which was thenhydrolyzed when the
aluminum chloride complex was decomposed with dilute hydrochloric acid.
These acids were readily removed by a sodium bicarbonate wash preced-
ing purification by recrystallization.

When the mother liquors of these recrystallizations were concen-
trated, they always yielded a small amount of oil, but never enough
to purify and identify.

The three benzophenones prepared by rearrangement of the p-cresyl
esters were also yellow in color thus indicating a hydroxy group in
the ortho position (40).

The yields of ketones obtained from the o-methylphenyl chloro=
benzoates amounted to 35.3 to 55.7 percent for the p-hydroxy isomers
and 11.8 to 17.3 percent for the o-isomers. Those obtained by the
rearrangement of the p-methylphenyl chlorobenzoates varied from 45.1
to 71.3 percent.

Several different methods of reduction were ettsmpted on the above
hydroxy=-methyl=chloro'~benzophenonses. The Bradlow procedure (24) of
the Clemmensen method was found to be unsatisfactory in that only the
original ketone and a small amount of heavy oil could be isolated.

The reduction was attempted on 2-hydroxy-5-methyl-2'-chlorobenzophenons.

The second method attempted involved treating 2-hydroxy-5-methyl-

2'=chlorobenzophenone with hydriodic acid and phosphorus. The only

material isolated here was a viscous o0il and this only in small yields.
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The most successful method and the one used for all the reductions
to the diphenylmethanes was the Huang=-'finlon (31) modification of the
Wolff-Kishner reaction (27). This reaction involved treating the
ketone with B5 percent hydrazine hydrate and sodium hydroxide. Because
hizh temperatures are needed to decompose the hydrazone formed, di-
ethylene glycol was used as the solvent. To form the hydrazone the
reaction mixture was refluxed for 1.5 hours. To decompose this hydra-
zone the reflux condsnser was removsed and the temperature allowed to
rise to 195-200°, At this point the reflux condsnser was replaced
and the heating continued for 4 hours.

After cooling, the reaction mixture was acidified, and the organic
layer extracted with ethyl ether. The o0il thus removed was distilled
and finally recrystallized,

The only difficulty encountered in this procedure was due to
small amounts of diethylene glycol in the ether extract. This material
was relatively insoluble in the solvents used to recrystallize the di=-
phenylmethanes and tended to coat the crystals as they were formed.

This reduction of the 3'-chloro and 4'-chlorobenzophenones was
quite satisfactory and yields ranging from 41,0 to 71.8 percent were
obtained.

However, the reduction of the 2'-chlorobenzophenones was less
satisfactory. The reduction of 4-hydroxy-3-methyl-2'-chlorobenzophenons
and 2-hydroxy-3-mathyl-2t-chlorobenzophenone was accomplished although
the yields wore small, In the case of 2-hydroxy-5-methyl-2'=chloro=-
benzophenoune only 2-msthylxanthene was isolated, rather than the ex-

pected product, namely, 2-hydroxy-5-methyl-2'-chlorodiphsnylmethane.



Evidently the labile chlorine atom was replaced by a hydroxyl group,
followed by the removal of & molecule of water, The latter step is
very characteristic of 2-2'-dihydroxybsnzophenones or diphenylmethanes.

The reaction mixture obtained from the first two 2'-chlorobenzo-
phenones mentioned above gave a goodly amount of higher boiling mater-
ial, and it may well be that they contained some 2'-4-dihydroxy-3-
methyl-diphenylmethane end 3-methylxanthene respectively.

It is possible that either compound, that is, the one on which
the chlorine atom remains intact or the one on which the chlorine atom
has been replaced by a hydroxy group, can be obtained in predominance
by the judicious use of reaction conditions.

The Friedel-Crafts synthesis of the hydroxy-methyl-chloro'-di-
phenylmsthanes was accomplished by condensing o-, m-, p-chlorobenxyl
chlorides and o=-cresol with aluminum chloride using petroleum ether
as the solvent., The reaction was carried out at room tempsrature over
a period of three days. The mixture thus obtained was treated with
hydrochloric acid to decompose the aluminum chloride complsx., The
organic layer was taken uv in strong alcoholic potassium hydroxide and
any ethers prasent were extracted. This ether extraction always
yielded & small amount of oil, but there was never enough to purify
and identify.

The dasired diphenylmsthanes were then obtained from the basiec
solution by acidification and extraction. The oil thus obtained was
rsadily ovurified by distillation and recrystallization in the cases
of 4-hydroxy=3-methyl=2'-chlorodiphenylmethans and 4-hydroxy-3-methyl-

4'-chlorediphenylmsthane., Concentration of the mother liquors of



the former compound yielded a small amount of unidentified oil.

In the case of 4-hydroxy-=3-methyl-2'-chlorodiphenylmethane there
was & considerable mount of o0il obtained thus making it extremely
difficult to purify this compound. Tndoubtedly, there was more of
ths compound produced in the reaction than the 12,4 parcent yield in-
dicates but it could not be isolatsd in the ovure form. The reduction
method therefors, is much superior to the Friedel-Crafts method for
the vreparation of this compound.

The Claisen C-alkylation method of preparing o-benzylated phenols
is excellent in that it is a ons step process and gives only the one
C-alkylated isomer. Eowever, it suffers from the disadvantage that
the purification process of isolating the desired compound from the re-
action mixture is long and tedious. In addition to this, the reaction
yields are gensrally rather low.

The Claissen C-alkylation reaction is carried out by placing
sodinm in a "non-dissociating" solvent such as toluene and heating it
to reflux temperature. The necessary o- or p-cresol and the desired
0-, m=-, or p-chlorobenzyl chloride, in this order, were then added.

After refluxing and stirring this mixture for 36 hours it was
acidified with dilute hydrochloric acid and the resulting organic layer
taken up in alcoholic potassium hydroxide. The ethers formed in the
reaction were removed by extraction with petrolsum ether, The basic
c2olution was acidifiel and the desired hydroxy-methyl-chloro'-diphenyl-
mothanes removed by extraction.

It was proved that a hirgher boiling solvent increasss the yields

of both the divhenylmethane and the ether. This is true of course
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only if all of the starting materials did not completely rsact. Thus,
the benzylaticn of o-cresol with o-chlorobenzyl chlorids gave only a
9.5 percent yisld of the divhenylmethans using toluene as the solvent.
Recoversd o-chlorobenzyl chloride amounted to 49.7 percent.

when the same rsactants were used urder exeactly ths same condi-
tiors, except that the higher boiling xylene vas substituted for thse
tcluene, the yield of Z2-hydroxy-3-methyl-2'-chlorodiphenylmetheanse
amounted to 29.9 percent. Only 0.5 percent of unreacted o-chlorobenzyl
ckloride was found to be present in this case. The idea of using a
higher boiling solvent was suggested by Vheatley (41).

Ir this work on the Claisen method of preparatior there were many
high boiling rssidues encountered., TUsually there was no attempt made
to identify these fractious,

The ethers produced &s side-products by the Claisen method werse
also synthesized in a sodium hydroxide-ethyl alcohel medium. This
well known method of preparing ethers is described by Lyman (42).

The necessary o- or p-cresol was dissolved in an slcoholic sodium
hydroxide solution and then the o-, m-, or p-chlorobenzyl chloride was
adied. After refluxing for three hours the soluticn was diluted with
water, cooled to 0° C., and the o0il cr sclid removed and purified.

The éthers thus prepared proved to be the same as those isolated from
the Claisen reaction.

There was little difficulty encountered in the preparation and
purification of these compounds.

As has been pointed out elsewhere in this thesis the *uang-""inlon

(21) modification of the Wolff-Fishner (27) reduction did not give
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the corresponding substituted diphenylmethare when applied to 2-hydroxy-
S-methyl=2'~chlorobenzorhenone. The product isclated contained no
haloren, was insoluble in Claiszn's solution (43) and melted at a much
higher temperature (96.4-97.4%) than would te expected for 2-hydroxy-
S-methyl-2'-chlorodiphenylmsthans.

This evidence coupled with the nature of the reaction used, indi-
cated that the compound which had been isolated was either 2-methyl-
xanthere or Z2-methylxanthone. Since the xanthone has been reported in
the literature as melting at 125.5° (44), the compound was probably
2-methylxanthene.

Therafore, a snall gquantity of 2-methylxenthone was prepared by
heating 2-hydroxy-E-methyl-2'-chlorobenzcphenonse with sodium hydroxide
in diethylene glycol (44). The 2-msthylxanthone was then reduced by
catalytic hydrogenation to 2-methylxanthene following approximately
the sare procsdure theat Ipatieff (45) used in reducing xanthone itself
to xanthene.

The comopound thus pre-ared was identical with that isolated from

the Wolff-Fishnaer reduction of 2-hydrox;-5-methyl-Z'-chlorobenzophenone.

A mixed melting point of the two compounds showed no depression.

-15=-



CHIMICALS USED

Aluminum Chloride Anhydrous Sublimed General Chem. R. & A.
Renzoyl Peroxide E.FK. 713
Chlorine Chio Chemical Company
0-Chlorobenzoyl Chloride Yeyden Chemical Co.
p-Chlorotenzoyl Chloride Heyden Chemical Corp.
o=Chlorobenzvl Chloride 32.K. 10859
p-Chlorobenzyl Chloride 3.¥,., P11C3
m=Chlorotoluene 3.,¥, 24490
o-Cresol ®.K., PRl (Redistilled)
p-Cresol Z.K. P449 (Redistilled)

B - B -Ditydroxyethyl ether 3.K. P2401
Drierite Harmond lrierite Company
Ethyl Alcohol 95 percent, Commercial Solvents
Ethyl 3Zther 1'erck 71633
"Hexans" (from Petroleur) =.K. P1135
"ethanol CP 3. & A. A-412
m-Titrcbenzaldehyde EJFK. 182
Potroleum Ether (30-75°) CP Raker
Pyridine E.¥. PZ16 (Distilled from RBaC)
Raney Catalyst Powder Yo. 23020R
Sodium Yerck
Scdium Peroxide CP Raker

Sulfuryl Chloride ®.C. P322
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PPEPARATICN CF INTSRTEADIATES

PREPARATION CF m=-CHLCRCPEVZALDZEYDE

There are two common methods available for the preparation of
m-chlerobenzaldehyde. The first, dirsect chlorination of benzaldehyde,
however, will give some of the ortho and para isomers ard since it is
very difficult to eliminate these isomers by any known procedure, this
method was discarded.

The second method utilizes m-nitrobenzaldehyde as the starting
material, It can be reduced to m-aminchenzaldehyvde with stannous
chloride. This amine can be diazotized and treated with a hydro-
chloric acid-~cuprous chloride solution to give m-chlorobenzaldehyde
without isolating the m-aminobenzaldehyde. The directions for this
reduction and revlacement reactions as given in "Crganic Syntheses"(46)
were followed.

The average yield of m-chlorobenzaldehyde based on five reactions
was S5€.5 percent.

PRIPARATICY CF m-CHLCROZLNZCYL CHLORIDE

It was possible to synthesize this acid chloride from the m-
clilorobenzaldehyde prepared above by the direct chlorinaticn at a high
temperature. MNearly the same procedure and apvaratus as described in
"Organic Syntheses" (47) for the direct chlorination of o-chlorobenzal-
d=hyde was used. The reaction mixture was distilled at reduced
pressure and the fraction boiling fromn 98-990/10 mm. represented a 77.0

percent yield.
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PROPATATICY OF m=CIIT.CRCRENZYI, CHLCRID®

There are several moethods availeble for preparing btenzyl chlor-
ides. One method is the chloromethylation reaction (4f). The main
disadvantage of this method is that chloromethylation of chlorobenzene
gives mostly the ortho eand para substituted chlorobenzyl chlorices
and even here the yields are smll,

A much better method of prevaraticn of m-chlorobenzyl chloride is
the direct chlorination of m-chlorotoluene., Here the main problem is
regulation of conditions so that only one hydrogen of the methyl group
Is substituted. This can be accomplished by using a large ratio of
hydrocarbon to chlorire but if this is done the excess hydrocarbon must
be separated from the chlorinated compound. This separation is rela-
tively easy but still the process is tedious and more important, a
large quantity of the reletively expensive m-chlorotoluene is required.

Probebly the best laboratory method for the preperation of this
compound is the direct chlorination of m-chlorotolusne using sulfuryl
chloride and benzoylperoxide as described by Kharash (49). He found
that one chlorine could be substituted into the side chain very easily
while the second chlorine could be introduced only with difficulty
and a third could not be added.

The peroxide-catalyzed reaction proceeds rapidly in the dark,
whereas the light-promoted reaction with sulfuryl chloride is much
slower. The general reaction is as follows:

H‘I &* Sozclz ———————————— ’ Rcl L} SOZ + Hcl
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Reactants:
2.0 moles m-chlorotoluene (253 g.)
1.0 mole sulfuryl chloride (135 g.)
1.0 mole carbon tetrachloride
0.004 benzoyl peroxide (1.0 g.)

The reaction was carried out in a three liter, one-neck flask
equipped with a bulb reflux condenser and a thermometer so fixed that
it would dip into the solution. A means of trapping all acidic gases
was also used. Two moles of m-chlorotoluene, one mole of freshly
distilled sulfuryl chloride, one mole of carbon tetrachloride and two
thousendths of a mole of benzoyl peroxide were added to the flask,

It must be pointed out here that all of these products must be pure
since any impurities will interfere with the free radical reaction.

The contents of the flask were then heated with an electric
mantle, When the temverature had reached 70° a slow evolution of gases
started. The temperature was allowed to rise to £5-90° where the gases
were evolving at a fairly vigorous rate. After three hours at this
temperature an additional 0.5 grams (0.002 mole) of benzoyl peroxide
was added.

After nine hours, total time, at 85-900, the evolution of gases
had practically ceased. Therefore, the temmerature was raised to 105°,
This higher tempsrature was maintained for one hour following which
the mixture was allowed to cool to room temperature.

After the carbon tetrachloride had been removed from the reaction

mixture at atmospheric pressure, the remaining liquid was distilled



at diminished pressure. There were 143.0 grems of m~chlorotoluene
recovered (B.P. 46-48°/14 mm.). The fraction boiling from 93-95°/14
mm. amounted to 121.9 grams, a 7€ percent yileld based on the sulfuryl
chlcride of which none was recovered.

A reaction carried out on twice the amounts of material listed

above resulted in a yield of 79 percent.
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EYPZRI'ENTAL

PRYPARATION OF MNSTHYLPHZNYL CHLCROBZENZCATES
Reactants:
1.0 moles chlorobenzoyl chloride (145 g.)
1.25 moles cresol (135.2 g.)

Cne mole of the chlorobenzoyl chloride was added to a 500 ml,
round-bottomed flask which was equipped with a reflux condenser, ther-
mometer, and a trap for the ECl gas. One and one-quarter moles of
cresol were then added and the mixture heated to 95-100°, This tempera-
ture was maintained for a period of 2.5-5 hours at which time all the
HC1l gas had evolved. After cooling, the mixture was taken up in ben-
zene or ether and this solution washed with 2 N NaOH to remove the ex-
cess cresol, After washing the organic layer with water it was placed
over Drierite. The solution was then decanted from the Drierite and
the solvent evaporated. The remaining oil or solid was taken up in
an appropriate solvent and recrystallized if the ester was a solid at
room temperature., If the ester was an oil it was distilled at reduced
pressure, using a small modified Claisen flask described in the section
dealing with diphenylmethanes. The pressure was determined by means
of a McLeod guage. The melting points of the solid esters were dete -
mined by the capillary-tube method (50). All yields are based on

products having a 1-3° melting point range.

2=-"TTHYLPHSNYL 2-CHT.0ROBTNZCATE
o-Chlorobenzoyl chloride and o-cresol were allowed to react in

the manner described in the previous section. Evaporation of the



extraction solvent left an o0il which could not be induced to crystal-
lize. Therefore it was distilled at reduced pressure. Average yield

was 90.B percent. Physical properties:

B.P. 138-140°/1.0 mm.,
20
ny 1.5787
Cl calc'd 14,37 percent
Cl found 14,50, 14,17 psrcent

2="STHYLPHENYL 3=CILORCRZNZCATE
This ester was prepared in the usual manner except that only 0,36
mole of m-chlorobenzoyl chloride and 0.45 mole of o-cresol were used.
It was found that the crude product could be satisfactorily purified
by the use of 95 percent ethyl alcohol as the crystallization solvent.
The average yield was 80.4 percent. The white granular crystals had

the following physical constants:

M. P, 53.2-54,2°
Cl cale'd 14,37 percent
Cl fourd 14.25, 14.14 percent

2=-"ETHYLPHENYL 4-CHLORCBENZOATE
The reactants in this case were p-chlorobenzoyl chloride and o=-
cresol. The ester was recrystallized from 95 percent ethyl alcohol to

give white granular crystals, Two runs gave an average yield of €6.3

percent. The pure ester has the following physical constants:

M.P. 44,7-45,4°
Cl calc'd 14,37 percent
Cl found 14.34, 14,28 percent



4-VRTHYLPHENYL 2-CHLOROZBIENZCATE
This ester was synthesized by Rosemund and Schnurr (51) but they
did not list any of its physical properties in their article. However,
Auwers (52) lists it as melting from 69-71°,
Two different runs were made using o-chlorobenzoyl chloride and
p-cresol. The crude product was recrystallized from methyl alcohol.
The average yield of product wes 79.0 percent. The crystals wsre white

flat needles which had the following physical constants:

M.P. 68.8-69,8°
Cl calc'd 14,37 percent
Cl found 14,49, 14.14 percent

4-VSTEYLPEZNYL 3-CHLORCRTNZCATE
Smaller quantities of m-chlorobenzoyl chloride and p-cresol were
used for these runs than the one mole quantities generally used, but
the reaction mixture was treated in the same manner. The crude product
gave white needles from methyl alcohol. Average yield of product was

90.2 percent.

Physical constants:

!".P. 75'1-76.00
Cl calc'd 14.37 percent
Cl found 14,37, 14.32 percent

4-"%T I3NYL 4-CHLOROBSNZCATS
This ester was readily prepared from p-chlorobenzoyl chloride and
p-cresols It was found that the ester could be purified by using

90-120° ligroin or methyl alcohol. The ester crystallized in the form
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of large white plates and the average yield was 90.8 percent,

Physical constants:

", P, 97.4-98.3°
Cl calc'd 14,37 percent
Cl found 14.21, 14.34 percent
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PREPARATION OF HYDROXY=METHYL-CILORO'=BENZCPHEXOIES

Reactants:
1.0 mole ester (246.7 g.)
1.50 moles aluminum chloride for o-cresyl esters (200.0 g.)
1.25 moles aluminum chloride for p-cresyl esters (1€6.7 g.)
These Fries rearrangements (20) were carried out in the same
manner as that described for similar compounds by Adams (19).

The o-Cresyl Esters. These reactions were carried out in a two

liter, three-necked flask that was equipped with an air condenser,
thermometer, mechanical stirrer, and an HCl gas tran, One mole of the
ester was placed in the flask and heated to 130°, One and one-half
moles of anhydrous aluminum chloride were then added in small portions
at such a rate as to keep the temperature as near 130° as possible.
The reactions were quite exothermic and heating was discontinued during
this addition. After all of the catalyst had been added, the tempera-
ture was raised to 165-1£0° and maintained there for 45 minutes. The
stirring usually had to be discontinued soon after raisirg the tempera-
ture because the reaction mixture became tooviscous.

After the mixture had cooled to room temperature the complex was
decomposed with 300 ml, of concentrated hydrochloric acid and 500 g.
of ice. It was usually necessary to heat the acid mixture on the
steam bath in order to speed up the decomposition.

The resulting solid was filtered, washed with water and dried.
Distillation of the dry solid, at reduced pressure (15 mm.) in a flask
described by Fieser (53) using a flame, gave a product thet was quite

free from any tarry materials,
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It will be noted that there are two possible isomers obtainable
from rearrangement of o-cresyl esters, They are, namely, the o-hydroxy-
benzophenones and the p-hydroxybenzophenones. It was found that these
two isomers could be separated by the judicious use of solvents, the
o-hydroxy ketone always being more soluble in the solvent than the
p-hydroxybenzophenone. It is quite easy to distinguish between the iso-
mers as the o-hydroxy compound is yellow and has a lower melting poirt.
After separating the isomers, purification was accomplished by recrys=-
tallization from an appropriate solvent.

The p-Cresyl wsters. The rearrangement of these esters was carried

out in the same type of apparatus as described in the foregoing section,
except that the mechanical stirrer was omitted. In this case one mole

of the ester and one and one-quarter moles of anhydrous aluminum

chloride were placed in the flask and thoroughly mixed. This mixture

was then heated rapidly b means of an electric mantle until the tempera=-
ture had reached 120°, At this temperature an exothermic reaction
occurred which raised the temperature to 140-160°., The mixture was then
maintained at 160° for ten minutes and finally allowed to cool to room
temperature,.

The orange solid, that resulted from this reaction, was treated
with 300 mle. of concentrated hydrochloric acid and 500 g. of ice. In
order to decompose the complex completely, it was usually necessary
to heat this mixture on the steam bath. The cold mixture was filtered,
washed with water, and the dried precipitate distilled at reduced
pressure (15 mm,) in the same type of apparétus as described in the

above section. The distillate was taken up in ethyl ether and washed
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with a saturated solution of sodium bicarbonate in order to remove
the chlorobenzoic acide The solid that remained on evaporation of the
ether was recrystallized from an appropriate solvernt.

All melting points were taken with & capillary tube. The yislds
are the average of at least two runs and are based on products having

a 1-3° melting point range.

4-HYDRCXY=3=""ZTHYL=2 "' =CHLORCREIZOPHILNCNE
This white grarnular compound wes prepared from 2-methylphenyl
2-chlorobenzoate by the general procedure described above. It was pos-
sible to separate this main isomer from Z-hydroxy=-3-methyl-2'-chloro-
benzophenone by recrystallizing from benzene, the latter being more
soluble, remains in the mother liquor. After isolating the compound
in this manner, it was further purified by recrystallizing from €0 per-

cent ethyl alcohols The yisld amounted to 35.3 percent.

Physical constants:

.".P. 167.9-168.60
Cl calc'd 14,37 percent
Cl found 14,43, 14,30 percent

4-HYDROXY=3=""STHYL=3"' ~CILCACR I ZCPIINCY3
The rearrangement of 2-methylphenyl 3-chlorobenzoate gavs 2-hydroxy-
3-methyl-3'=-chlorobenzophenone in addition to the p-isomer above. The
2=hydroxy compound was readily separated from the 4-hydroxy isomer by
taking the mixture up in hot toluene and allowing it to cool. The

latter compound crvstallizes while the o-isomer remeins in solution.
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The whitse solid thus obtained was further purified by recrystal-
lizing from toluens., Yield of finely powdered material amounted to
55.7 percent based on three runs.

Physical coustants:

P, 151,2-151.8°
Cl calc'ad 14,37 percent
Cl found 14,12, 14.31 percent

4-HYDROIT=3=""3T Y L=d' =CIILC ZCRTITCPIISIICHTS

The separation of this benzophenone from 2-hydroxy-3-methyl-4'-
chlorobenzophenons, both produced when Z-methylphenyl 4-chlorobenzoate
was rearranged in the mannsr previously described, vas readily accomp-
lished by trsating the mixture with ethyl ether which extracted the
more soluble o-isomer. The solid that remained after said extraction
was recrystallized from 95 percent ethyl alcohol. The average yield of
white needles amounted to 52.1 percent.

Physical constants:

. P, 210,5-211,5°
Cl calc'd 14,37 percent
Cl found 14,33, 14,16 psrcent

2=-HYDRCXY=3=-"TTHYL-2' ~CLCRCEIIZCPITIOIS
As was mentioned previously, this benzophenone is also produced
by the Frias resarrangement of 2-methrlphenyl 2-chlorobenzozate. After
seperation from 4-hydroxy=-3-msethyl-2'-chlorobenzophenons, it was re-

crystallized from methyl alcohol., The avarage yisld from two runs



anounted to 11.8 percent., These coarse yellow rhombic crystals had

the following physical constents:

P, 2.2-72,8°
Cl calct'd 14,37 percent
C1 found 14,27, 14,38 percent

2=TT7)0 1 Y=3=""3TH L=3" «CHLCRCTEN I0PUSII0NS
This yellow compound was formad by the iries rzarrangement of
Z2-methylphenyl 3-chlorobenzoate as indicated in the discussion of 4-
hydroxy=-3-msthyl-3'-chlorobenzopinanone, After savaration from the p-
hydroxy isomer it was purified by recrystallization from msthyl alcohol,
The averaze yield of thrse runs amounted to 17.3 psrcent. These ysllow

prisms had the following physical constants:

e P, 69.5=70,3°
Cl calc'd 14.37 psrcant
Cl found 14,12, 14,23 percent

£=HYD0XY7=3="LTHY =4 «CZLORORENZCPITIICY S

“'hen 2-methylphenyl 4-chlorobenzoate was subjected to the condi-
tions of the Fries rearrangement, this ketone was ons of two found in
the rsaction mixture. It was separated from the mixture by extraction
with ethyl ether, lsawving behind the higher mslting isomer, namely,
4-hydroxy-3-methvl-4'-chlorobenzophenons, The yield thus obtained,
amountad to 12.€ percent. “hen the oraage-yasllow solid, remaining
after evaporation of the sthzr, was taken up in methyl alcohol, flat

nesdlss depositad which had the following physical constants:
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”oPc 61.5-62000

Cl cale'd 14,37 psrcent
Cl found 14,29, 14.26 percent
=PV (Y =5-""3THVL=2 ' «CTIT,CROBTIIZOP SOV

This ketone wes preapared by Zosenmund and 3chnurr (51) in 1928
from 4-msthylphenyl 2-chlorobanzoate by means of the I'riss rearrange-
nent. It was listed as being a yellow solid melting at 78°.

The compound was prepared in this laboratory by the same method
in yields of 71.3 perceat. The product was purified by recrystalliza-
tion fron pstrolsum ethar., It came out of this solvent as very coarse
yellow, rhoubic crystals,

Physical constants:

P, 76.3-77.2°
Cl calc'd 14.37 percent
C1 found 14,25, 14.2€ percent

=MTYDRCEY=5=""ET [V L=3 "' «CHLCROB=ENZCPHSNCNS
The yellow gramlar compound was prepared in the same general wuy
as described above., It was recrystallized from petroleum ether and
the average yield was 45.1 percent.
There was some difficulty in the purification of this solid due
to the presencs of an oil. This accounts for the lower yield of ketons.

The following physical constants of the solid wers noted:

"opu 70.5"71.50
Cl calc'd 14,37 percent
C1 found 14,19, 14.31 percent
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2-HYDROXY=5=METHYL=4' ~CHLOROBENZOPHENONE

By treating 4-methylphenyl 4-chlorobenzoate with aluminum chloride
in the manner previously described, this yellow ketone was prepared in
yields of 50.9 percent.

The compound crystallized from petroleum ether in the form of large
prisms. Ethyl alcohol (95 percent) is also a suitable solvent for re-
crystallization.

The amount of chlorine found in this substance was lower than the
theoretical despite repeated recrystallizations and distillations. The
melting point indicates that the substance was quite pure but the per=-
centage of halogen was not raised appreciably even after distilling the
compound to remove any possible ecculded solvent,

Reduction of this substance by the Wolff-Kishner method gave
2=hydroxy=5-methyle=4'=chlorodiphenylmethane and therefore it mist con-
tain some 2-hydroxy-5-methyl-4'-chlorobenzophenone.

Physical constantss
M.P. 66.9=67.6°
Cl calc'd 14,37 percent

Cl found 13.43, 13.48 percent
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PREPARATION @F HYDROXY-ETIYL-CILQORC! ~-DIPIZNVL TSTHAN IS

The main problem of this r2search was to synthesize nine hydroxy-
methyl=-chloro!'-diphenylmethanes. Cne method of prepuration was the
reduction of ths previously discussed substituted benzophenones. ‘hile
this means of preparation was successfully employed for eight of the
nina compounds in question, it was found that generally thsse substi-
tuted diphenylmethanss could bs synthesized more easily by the follow=-
ing methods of direct alkylation.

Two methods of dirsct alky'ation of o- anl p-cresol wers used.

If the condensation is carried out using an acidic catalyst (aluminun
chloride) p-alkylation of o-crasol takes place. However, if basic con-
ditions ars used in a non-dissociating solvent all carbon alkylation
takes place exclusively in the o-position to the hydroxyl group of the
phenol (36). In addition some oxygen alkylation occurs to give the
corresponding ethers.

The hydroxy-methyl-chloro!-diohenylmethanss thus preparsad by these
two direct methods wore compared and found to be identical with those
preparsd by the reduction method, in that mixed melting voints gave
no appreciable depression,

All the yislds ars based on products having a 1-3° melting point
range. At least two rsactions were mads in every case that yields are
reported un'ess otherwise noted. All final melting points were taken

by the capillary tube method (50) and are uncorrected.
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REDCTION OF HYDROXY-"ZTHYL-CHLORO'-BiNZCPHENCNIS
Reactants:
0.5 mole benzophenone (123.4 g.)
0.87 mols hydrazine hydrate €5 percent (51.5 g.)
1.38 molss sodium hydroxide (55.0 g.)
500 ml, diethylene glycol
As was noted in a provious section it was found that the %Wolff=
Fishner (27) method of reduction was successful whereas the Clemnensen
(22) mathod and the hydroidic acid plus phosphorus (54) method were
not satisfactory.
The Huanz="finlon (31) modiication of the Wolf-Kishner reaction
vas used in carrying out these reductions, The reaction was carried
out in a one liter three necked [lask equivped with a mechanical stirrer,
reflux condenser and a thermometer extending into the liquid. Heating
was accomplished by means of an elactric mantle. One-half mole of the
necessary substituted benzophenone and one and thirty-eight-hundredths
mole of sodium hydroxide were added to 500 ml. of diethylene glycol,
This mixturs was then heated to reflux temperature (140°) and maintained
there for one and one-half hours. At the end of this time the reflux
condenser wes removed and the temperaturs allowed to rise to 1950.
The condenser was then replaced and refluxing continued for four hours
after which it was allowed to cool to room temperaturs. Stirring was
continued during the entirs heating period.
The viscous mixturs was then adied to 750 ml. of water and acidified
with enough 6 N hydrochloric acid to meke the solution distinctly acid

and this mi~ture extracted with three 250 ml. portions of ethyl ether.
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The o0il, remaininr after evaporation of the ethyl ether on a steam bath,
was distilled at reduced pressure (2-3 mm.) in order to sevarate it
from any tars, and the distillate rscrystallized from an appropriate

solvent,

DIRECT ALKYLATIOKS

The apvaratus for these alkylations consisted of & one~liter, round-
bottomed, standard-taper, thrse-necked (24/40 - 34/45 - 24/40) flask
which was equipped with a dropping funnel, reflux condenser, and Hersh-
berg stirrer (55) of nichrome wire. It was found that a glycerine seal
was adequate for the stirrer but it is recommended that silicone stop-
cock grease be used to lubricate the glass joints.

The vacuum distillations wers carriazd out in a 50 ml, or 100 ml,
round-bottomed flask attached to a Claisen adapter. This adapter was
fillad with small glass beads (6 mn. in diameter) and arrangements were
made to heat it electrically, The flask was heated to the desired
temperature by means of an o0il bath, It was possible to collect three
fractions without breaking the vacuum by using an inclined rotating
receiver (56). The high boiling points and high viscosity of these
compounds make the use of mors elaborate distillation apparatus unten-
able,

The final boiling points were taken with a corrected thermometer
using material that had a melting point range of 1-2 degrees. The
pressurs was determined with a ‘cLeod guage. The apparatus here con-
sisted of a 50 ml. Claisen flask containing glass beads (6 mm. in

diamster) in the bend of the neck.
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Alkvlations "sing Acidic Conditioms

Reactants:
1.5 molss o=-cresol (183 g.)
0.5 mole chlorob-nzyl chloride (80.5 g.)
400 ml. petrolsum ethar
0.25 mole aluminum chloride (33.4 g.)

The 400 ml. of petrolsum ether, one and one-=half moles of o-cresol
and one-half mole of chlorobenzyl chloride, in this order, were added
to the flask and vigorously stirred. Cne-quarter mole of powdered
anhydrous aluminum chloride was then added to this mixture over a period
of two hours. The stirring was continued at room temperature (25-35°)
for a period of 72 hours.,

At the end of this time the red, oily mixturs (two layers) was
poured, with stirring, into a mixture of 500 grams of ice and 300 ml, of
concentrated hydrochloric acid., This acidic mixture was extracted with
four 100 ml, portions of ethyl ether. Evanoration of the ethyl ether
left an oil which was dissolved in 250 ml. of Claisen's solution® (18)
and extracted with four 100 ml. portions of petroleum ether to remove
any ethers that may have been formed during the reaction., There was
alwmys a small emount of oil left upoh evaporation of the petroleum ether
but never enough to purify and identify.

The alkaline fraction was poured over 500 grams of crushed ice and

acidified with 6 N hydrochloric acid. Finally, the mixture was

* 350 g. KCE in 250 g. F50, diluted to one liter with methanol.

Concentrated aqueous (50 percent) KCH is unsuitable for the salts
are insoluble in it. Therefore they form either an oily layer
between the petroleum ether and aqueous ¥Cil, or partially dis-
golve in the ether,
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extracted with four 100 ml, portions of ethyl ether and the ether evap-
orated.

The resulting oil was distilled at roduced pressure and the frac-
tions containing the desirsd phenolic product recrystallized from an
approvriate solvent.

The temperatures of thess distillations are given under the respec-
tive compounds, but it must be remembsred that there is a great tendency
of these viscous oils to superheat. 1In addition, the pressures were
observed on a fingsr manometer (Corning Glass 6950) and it is difficult
to read accurately pressures below 3 mm, Correct values are given with

the summarized physical constants of the compounds.

4-HYDROYY=3=1"5THYI=2 ' =CIILORCDIPHENYL  BTHAIS

This diphenylmethane was isolated from the reduction products of
4-hydroxy-3-mathyl-2'-chlorobsanzophenone in very small yields. There
was a cansiderabls amount of high boiling residue but no definite
products could be isolated othar then the diphenylmethane. Howevar this
compound was produced in yields of 26.8 percent by the Friedel-Crafts
condensation of o-chlorobenzyl chloride and o-crasol. After removal of
the excess and unrsacted o-cresol (94-96 grams) the following fractions

were taken:

52-147°/2 mn, 2.7 g
147-153°/2 mn, 37.2 g
153-157°/2 mn. 24.5 g.
157-175%/2 mnm. 2.1 g.
Ragidue 28.7 g
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The fractions boiling from 147-157°/? mm. were taksn up in hexane and
a solid was obtained by cooling to 0° C. This solid was then further
purified by using petrolsum ether,

ixed melting points of the products prepared by the two methods
indicated that they wsre identical,

The compound crystallized from petrolsum ether in the form of long,

white needles and has the following physical constants:

B.P, 142-145°/0.8 mm.
P, 57,8-58,5°

Cl calc'd 15.24 percent

Cl found 15.27, 15.13 percent

4-HYDR0KY=3="BTYT.<3' =CILORCDIPHENYT M STHANS

The reduction of 4-~hydroxy-3-methyl-3'-chlorodiphenylmethans by
the Wolff=Kishner method produces the diphenylmethane in vields of 41.0
porcent, This method of preparation was superior to the Frisdel-Crafts
method for this diphenylmethane in that the reaction ovroduct was much
more easily purified.

The Frisdel-Crafts reaction was run in the usual manner (m-chloro-
benzyl chloride plus o-cresol) except that only four-tenths mols pro-
portions, based on m-chlorobenzyl chloride, wers used. After recovar-

ing 80-82 grams of o=-crssol the following fractions wsre obtained:

47-143°/3 mn. 0.3 g
143-148°/3 mn. 9.2 g.
14R-151°/3 mn. 35.0 g
151-156°/3 mm, 7.5 g
Residue 19.6 ¢.



The fractions boiling from 143-156°/3 mm. were redistilled, the distil-
late taken up in hexane and placed in the freezing compartmsnt of the
refrigerator. After remaining there for two weeks the oil had partially
crystallized. These crystals were quickly filtered to allow most of

the o0il to go along with the filtrate. Further recrystallization from
hexane gave a 12.4 percent yield of very fine, white, fluffy needlss.
The product thus isolated proved to be identical with that prepared

by the reduction method.

The compound had the following physical constants:

3.P. 143-14€°/0.7 mm,
1P, 39.9-40,4°

Cl calc'd 15,24 percent

Cl found 15,28, 15.20 percent

4 -0 V=3 ~"ETYL=4 " =CULCRODIPH RTYL TTIIANS
It was possiblzs to prepare this compound by the reduction of
4-hydroxy=-3-methyl-4'-chlorobsnzophenone, in yislds of 44.9 percent.
Howsver, the acidic condensation of p-chlorobenzyl chloride and
o-cresol also gave good results, 35.3 percent, and the reaction product
wes readily purified. The rssults of distillation of the oil remaining
after recovering 4¢€-52 grams of o-cresol from a one-quarter mole run,

based on p-chlorobenzyl chloride, are recorded below:

60-151°/3 mn. 2.4 g.
151-160°/3 mm. 31.4 g.
Residue 11.0 g.
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This oil was readily purified by recrystallization from hexane. The
vhite fine needles ohtained by this method were the same as those pre-

pared by the othor method and they havs the following ohysical constants:

B.P. 145-147°/0.9 mm.
P, 74.1-74,8°

Cl calc'd 15.24 percent

Cl found 15.15, 15,07 percent

Alkylations Tsing Resic Conditions

Reactants:
0.5 mols sodium (11.5 g.)
0.5 mola o= or p-cresol (54.7 g.)
0.5 mole chlorobenzyl chloride(80.5 g.)
500 ml. toluens or xylens (dry)

Four hundred mle. of dry toluene or xylene wers placed in a one=-
liter, three-necked flask fitted as described previously. One=half mole
of freshly cut sodium was then placed in the solvent and heat applied
by means of an elactric mantle until reflux temperature had been reached.
The stirrer was then started in order to beat the sodium into small pel=-
lets, ith continued stirring one-half mole of o-cresol, dissolved in
100 ml, of the solvent, was slowly added and this mixture allowed to
stir and reflux for one-half hour. At this point one-half mole of
chlorobenzyl chloride was added over a period of one-half hour. Reflux-
ing and stirring of this mixture was then continued for 36 hours.

After cooling, the reaction mixture was acidified with dilute hy-

drochloric acid and ice. The organic laver was separated and the aqueous



layer extracted with two 100 ml. portions of toluene or xylene, depend=-
ing on which had bsen used. The oil that was left after stripping off
the solvent was taken up in 250 ml. of Claisen's solution (43). This
alkaline mixture was extracted with four 100 ml, portions of petroleum
sther to remove any oxygen-benzylated compound. ZEvaporation §f the
petroleum ether left an oil which proved to be the ether. The series of
ethers thus produced will be discussed in the following section. (3thyl
ether cannot be used for extraction, because of the solubility of the
methanolic solution of the phenolates in it.) It is necessary to remove
all the solvent in thd reaction mixture, otherwise an emulsion is formed
which is very difficult to break.

The basic solution was poured over 500 g. of crushed ice and acidi-
fied with dilute hydrochloric acid. Following this, the organic layer
was separated and the aqueous layer extracted with four 100 ml, portions
of ethyl ether., The ether extract and the organic layer were combined
and the ether evaporated., The resulting oil was distilled in the same
tyve of apparatus described in the previous section on diphsnylmethanes.

The fractions containing the desired diphenylmethanes were recrys-
tallized and physical constants determined as described previously.
Apain it must be pointed out that accuracy of the original boiling points
and pressure readings are opsn to question due to the ease of superheat-
ing. Accurate readings are listed with the physical constants of the

compounds.

2=HYDRCY=3="BTHYL=2=CEL,CRCDIPH VYL ZTHANS
2-Hydroxy=3-mathyl-2'-chlorobsnzophenone was reduced by the olff-

Vishner reaction to produce this diphesnylmethane. Here again, as in

=40=



the ease of other Z-chloro'-henzophenones, the yield was small. However,
a sufficient quentity was isolated, so that it could be purified, and
was found to be the sare compound as that produced by the Claisen con-
densation of o-chlorobenzyl chloride arnd o-crescl.

The basic condensation of o=-chlorobenzyl chloride and o-cresol was
first tried using toluene as the solvent. However, the averape yield
amounted to but 2.5 percent, based on original charge, with 40.7 percent
of the o-chlorobenzyl chloride being recovered. ‘hen the higher boil-
ing xylene was used, as suggested by ‘heatley (41), the yield of the
desired product amounted to 28.9 percent while the unreacted o-chloro-
benzyl chloride amounted to less thsn 0.5 percent,

The following data wes obtained from a typical distillation.

-c0%/3 mm. 3.5 g
€0-140°/3 mm, 0.1 g.
140-147°/3 mm, 40.9 g.
Residue 12.4 g,

The 140-1470/3 mm, fraction wes recrystallized from petroleum ether

to give short, white needles having the following physical properties:

B.P. 121-133°/0.7 mm.
P, 42,2-42.8°

Cl calc'd 15.24 percent

Cl found 15.26, 15.16 percent

2=-H{DILHY=3="2THVL=3"'=CHLCRCDIPHINYL BTHANA
This diphenylmethane was readily prepared from 2-hydroxy=-3-methyl=-
-3'-chlorobanzophenone, by reduction, in a 44.5 percent yield based on

cne reaction.



The yield by the Claisen condensetion of m-chlorobenzyl chleoride
and o-cresol, using xylene as a solvent, amounted to 19,1 percent.
The results of a typical distillation are listsd below.
-410/2 mn, 2.7 g.
41-132°/2 mm, 1.2 ¢.
130-144°/2 mm, 34.0 g.
Pesidus .4 g
The fraction boiling from 139-1440/2 mm, was recrystallized from
petroleum sther. The long, white needles thus obtained were identical
with those obtained by the reduction process. The physical constants

of this compound are listed below:

3.P. 133-13€¢°/0.7 mn.
“"JP. 43,7-44.5°

Cl calc'd 15.24 percent

€1 Tound 15.12, 15.12 percent

2= DXV =3="ZTTIIVL=-4" =CHLCRCDIPH VYL BTHANS

Flarmenn et al, (57) prepared this compound in 1932, using the
Claisen method. Its melting point (48°) and boilins point (1¢7-172°/4 mm.)
were listed but there was no mention made of the yields they obtained.

It was possible to obtain this diphenylmethane by the Volff-Kishner
reduction of 2~hydroxy=-3-methyl-4'-chlorobenzcvhenone. The vield, based
on one reaction, was €0.0 percent,

“hen p-chlorobenzyl chloride and o-cresol were allowed to react
in a basic solution with toluene as the solvent, a 33.2 percent yield

of this compound was obtained.
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Distillation:

-52°/3 mm, 12.5 g.
52-14€°/3 mm, 1.0 g.
146-160°/3 m, 45,1 g.
Residue 4.0 g.

The main fraction was recrystallized from petroleum ether and
found to be the same as that produced by the reduction method of prepara-
tion. These crystals were in the form of long, white needles.

Physical constants:

3,0, - 125-137°/0,7 mm,
P, 47.2-47,8°

Cl calc'd 15.24 percont

Cl found 15,24, 1£,09 percent

2=TYDECAY=S="ETHY L=2 ' =CHT,0RCDIPH TN YL BTHAYS

when 2-hydroxy-5-methyl-2'-chlorobenzophenone was reduced by means
of the Wolff-Kishner reaction, 2-methylxanthene wes isolated irstead of
the desired substituted diphenylmethane. The characterization and a
second method of preparation of this substituted xenthene will be found
in a following section.

The Claisen method of prepareticn using o-chlorobenzil chloride
end p-crasol, with toluene as the solvent, gave the desired compound
in yields of 30.3 vercent,
Distillation:

-70°/3 mm, 5.5 g.

70-163°/3 mm, 0.

Dy

o

=43



1cz-1§4°/3 rm. 43.8 g,
Residue 23.9 g
The fraction containing 43.8 grams was recrystallized from petroleum
ether to give white needles in 20.3 percent yields.

Physical constants:

3.P. 138-140°/0.7 mm.

M. P. 42.6-43.4°

Cl calc'd 15.24 percent

Cl found 15.03, 15,12 percent

2=HYDROIY=E-"BTHYT <3 -CILORCDIPE SN YL THANE

Vthen 2-hydroxy=-3-methyl=3'-chlorobenzophenone was reduced in the
usual manner, the corresvonding diphenylmethane was produced in yields
averaging 78.8 percent. The reaction product was purified in the manner
described and the distilled oil taken up in petroleum ether. The com=
pound crystellized in the form of short, close-packed, white needles.

The basic condensation of m-chlorobenzyl chloride and p-cresol,
using xylene as the solvent, gave a 29.8 psrcent yield of this diphenyl-

methane, Typical distillation data are given below.

-580/3 mm, 5.0 g.
58-1530/3 mm. 2.1 g.
153-15€°/3 mm, 45,3 g.
Residue 20.8 g.

Recrystallization of the large fraction from petroleum ether gave
a compound that was identical with the one vrepared by the resdutticn
method, This fact was determined by utilizing the mixed melting point

technique.



IPARATICN CF "BTHYLPHINYL=-CHLORORPENZYL STHERS
These six ethers were vroduced as side-products in the Claisen
alkylation reaction. They were also prevared from the appropriate
chlorobenzyl chloride and cresol in an alcoholic sodium hydroxide medium.
Their physical properties were then compared and a mixed melting point
taken if the compounds were solids. In all cases the compounds prepared

by the two methods were identical,

CLAISTN=C=-ATKYTATICK “=THCD

The ethers were separated from the diphenylmethanes by extracting
the strong allaline solution with petroleum ether as was mentioned in
the section on preparation of diphsnylmsthanes. The vetroleum sther
was then removed by evaporation on the steam bath and the resulting oil
distilled at reduced pressure (2-3 mm.) in the large type of Claisen
adapter, as described in the section on the preparation of diphenyl-
methanes by direct alkylation. The fraction containing the ether was
then purified by recrystallization from an appropriate solvent if the
substance was a solid or redistilled if the ether could not be induced
to crystallize.

The boiling poirts of these original distillations were taken by
using an ordinary thermometer and the pressure determined with a finger

tyve manometer (Corning Glass 6950),

PRIPARATICY IN A SCDIUM HYDROXIDZ - ETHYI, ALCCHCL YeDITMS
Reactants:
500 ml, ethyl alcohol (95 percent)

0.25 mole sodium hydroxide (10 g.)

=4 G-



0.30 mole ortho or para cresol (32.4 g.)
0.25 mole chlorobenzyl chloride (40.3 g.)

The prccedure used was essentially the same as that described by
Lyman (42). The apoaratus consisted of a three-necked, one liter flask
equipped with a mechanical stirrer and a reflux condenser. Five hundred
ml. of 95 percent ethyl alcohol was introduced into the flask and brought
to its boiling point on ths steam bath and one-guarter mole of sodium
hydroxide then dissolved in the ethyl alcohol. To this solution was
added three tenths mole of the necessary cresol and finally ons-quarter
mole of the chlorobenzyl chloride. Stirring end refluxing were continued
for three hours. In every cese a white solid, which wes presumedly
sodium chloride, was devosited at the bottom of the flask.

This reaction mixture wes treated with 450 ml. of water and then
placed in the refrigerator. If the oil solidified it was removed by
filtration and recrvstallized from a suitable solvent. If the o0il could
not be induced to crystallize it was separated from the water-alcohol
layer and distilled in the large Claisen apvaratuse.

In order to obtain a more accurate boiling point at a definite pres-
sure the crystallized esters were distilled in the small typs Claisen
apparatus described in the previous section. A calibrated thermometer

was used and the pressure detsrmined by a ‘‘cLeod guags.

2="TSTHYLPHIENYL=2=CITORCITNTZYL BTHER
“lhen toluene was used as the solvent in the Claisen condensation
of o=cresol and o-chlorobenzyl chloride, the yield of this ether amounted

to only 3.1 percent. However when the higher boiling xylene was used
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the yield amounted to 14.9 percent., The increase in yield was at the

expense of the unreacted o-chlorobenzyl chloride.

Distillation:
-1150/2 mm, 0.3 ge
115-120°/2 mm, 22.0 g.
Residue 20.5 g

The desired fraction was recrvstallized from methyl alcohol in
white granular form.

This same ether was prepared from o=-cresol and o-chlorobenzyl
chloride in a sodium hydroride-ethyl alcohol medium by the general pro-
cedure described at the beginning of this section. The yield by this
method, based on one reaction, wvas 71.5 percent.

Physical counstants:

B.P. 118-118°/0.8 mm.
M.P, 37.9-38.8°

Cl calc'd 15.24 percent

Cl found 15,01, 15,06 percent

2="ETHYLPHENYL=3=CHLCRCRTNZYL ZTHER
This condensation of o=-cresol and m=chlorobenzyl chloride was car-
ried out in xylene. The yield of ether amounted to 21.0 percent. The
compound is a liquid at room temperature, resisting all attempts to
crystallize it by common methods.
Distillations
-1330/2 M. 0.5 g.

133-140°/2 mm, 20.4 g.

AQ



140-145°/2 mm, 2.4 g.
tesidue 19.2 g.
The two fractions boiling from 133-145°/2 mm, were redistilled
again end analyzed for chlorire.
‘ihen o-cresol and m-chlorobenzyl chloride were allowed to react
by the second method of preparation the same compound was produced that
had been isolated from the Claisen reaction., Proof of this lies in the
fact that the refractive indices and boilirg points of the two samples
were the same. The yield, based on one reaction, amounted to £7.6
percent,

Physical constants:

3.P. 125-127°/1.0 mm,
20
ng 1,5791
Cl calc'd 15.24 percent
Cl found 15,10, 15.22 percent

2="EBTHYLPI N VL=4=-CHLCRCPEY ZYL BTHSR
This ether was isolated from the basic condensation of o=-cresol

and p-chlorobenzyl chloride (toluene as solvent) in yields of 12.5 per-

cent.

Distillation:
50-€5°/4 mm, 9.0 g.
65-135°/4 rm. 2.1 g.
155-1€0°/4 mm, 21.0 g.
Residue 15.5 g.

Recrystallization of the fraction containing the ether from petroleum

ether gave white, flat needles.



The compound prevared in this manner is identical with that prepared
by the second method in a €4.3 percent yisld. This later yield is based
on only one reaction of o-cresol and p=-ci:lorobenzyl chloride.

A methyl alcohol - water system can also be used to vurify this
compound by recrystallization,

Physical constants:

3,P, 125-12€°/0.8 mn.
P, 61,2-61,7°

Cl calc'd 15.24 percent

Cl found 15,05, 15.24 percent

4="EZTTVLPHENYL=-2~CHIORC >N 7YL BTHER
It was possibls to isolate this ether in an 8.€ percent yield from
the alkaline cond:nsation reaction of p-cresol and o-chlorobenzyl
chloride in toluene. This ether would solidify if placed in the refrig-
erator but the melting point was too low to effectively purify it in
this manner.

The distillation results of the crude product are given below:

-6¢°/3 mm. 0.9 g.
66-146°/3 mn, 0.2 g
146-156°/3 mm. 13.3 g.
Residue 6.8 g.

The fraction boiling from 146-156°/3 mm, was redistilled and the distil-
late found to be the same compound as that prapared by the sodium hy-

droxide-ethyl alcohol method. This second method, in which p-cresol and
o-chlorobenzyl chloride wers used, gave a yield of 76.8 percent based on

one reaction.

=50=



The reofractive index and boiling point of the prcduct prepared by
the first method were the samo as those showvm by the compound orepared
by the second method.

Physical constants:

R.P, 120-123°/0.8 mm.
20 570
ny 1.5721
Cl calc'd 15.24 percent
Cl found 15,17, 15.62 percent

4="3TIYLPIZIYL=3=-CHLORCIZNAYL ATIER
Cne of the reaction products produced by the alkaline condensation
of p-crasol and m-chlorobenzyl chloride, usinr xylene as the solvent,
was this ether, It was prepared in yields amounting to 10.8 percent,
The white plates that came out of petroleum ether were obteined by crystal-

lizing the 12&-1350/3 mn, fraction o the following distillation:

-12¢°/3 nm, 0.1 g.
126-135°/3 mn. 17.6 g
Residue 11.2 g.

A mixed melting voint of these crystals end those obtained by the
socond method of preparation (p-cresol plus m=chlorobenzyl chloride)
indicated that they were the same., "The latter method gave a €7.8 per=-
cent yield of product based on one reaction.

The following physical constants were noted:

3.P. 128-129°/0,92 mn.
“".P. 53.8-54,6°

Cl calc'd 15.24 percent

Cl found 14,92, 15.01 percent
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4" TUYLPE STV L=-4=CHIORCIRTZYL ZTHIR

The lest in this series of ethers was isolated from the basic con=-
densation reaction mixture in yields of 4.2 percent. Toluene wes em-
ployed as the solvent and the reactants consisted of p-cresol and p-
chlorobenzyl chloride. The rsaction mixture vms handled in the usual
rmanner. However, when the petroleun ether had bsen evaporated, the oil
that romained solidified and therefore it was not distilled, although
a corrected boiling point was later taken. This solid was recrystallized
fror hexane to give a granular product. This ether can also be purified
by usinpg an ethyl alcohol-water mixture as the solvent,

latter method of preparation using p-cresol and p-chlorobenzyl

3
=
(0]

chloride was very satisfactory in that a yield of BR2.0 percent was ob-
teined. The other prepared in this manner was identical with the one

precvared by the previous msthod. It had the following physical con=-

stants:
3.P. 127-130°/0.9 mn,
P, 91.7-02.6°
Cl cale'd 15.24 percent
Cl found 15.02, 15,08 psrcent



PROPARATICH COF 2-"STHYLXANVTISNS

As has been pointed out in the discussion section, the rsduction
of 2=hydroxy=5-methyl-2'=chlorobenzcphenone by the Fuang=-""inlon (31)
modification of the Volff-Fishn.r (27) reaction did not give the desired
2-hydroxy=5-methyl-2'-chlorodiphen;-lmethane.

The reaction conditions and avparatus by vmnich this xanthens was
preparel are discussad in the experimental section under rsduction of
Tydroxy=""athyl-Chloro'-bsnzophenones. The oll obtained, after acidifi-
cation and extraction of the recaction mixture, solidified upon being
distilled. This solid could he racrystallized in the form of small
olates, fron sither hexane or methyl alcohol, the latter being the bet-
ter solvent., Yield, 34.4 percent.

The second method ol przparing this xanthenoe involvsd the reduc-
tion of 2-methylxanthons. This ketons was readily prepared by adding
0.1 mole (24.68 g.) of 2=-hydroxy-5~-methy1=2'=chlorobenzophenona to 109

nl, of

diasthylsne glycol, which had been placed in a 250 ml, round
bottomel flask. The flaslk was equipped with a reflux condenser and
thermoneter dipping into ths liquid. To this mixturs was added 0.28
mole (11.0 g.) of sodium hydroxide and the contents heated to reflux
temperature (approximately 1800). This temperature vms maintained for
1.5 hours. At the end of this tims the tempsrature was allowed to rise
to 195-210°, The reofluxing was continued at this tempzrature for four
hours, The heat for this reaction wes supplied by a Zunsen burnsar,
After cooling, the reaction mixture was voured into 150 ml. of

water, acidified with 6 N hydrochloric acid amd extractad with 300 ml,

of benzene. The banzens was then evaporated and the rssulting solid

=53~



distilled at reduced pressure (aporoximately 15 mm.). The distillate
was teken up in 90-120° ligroin and recrvstallized., Finally, it was
recrystallized from methyl alcohol.

The compound had a melting point of 123-125°, Yield, 78.0 percent.
Meisenheimer et al., (44) lists its melting point as 125.5°,

The reduction of 2-mesthylxanthone to 2-methylxanthene was accomp-
lished by hydrorenation. The procedure used was similar to that des-
crited by Ipatieff (45).

Five grams of Z2-methylxanthone were placed in a rocking bomb along
with 50 ml. of absolute ethyl alcohol. To this was added 0,5 gram of
a copper=chromium oxide catalyst prepared in the menner described by
Adkins(59). The initial pressure of hydrogen wvas 80 atmospheres. After
heating the bomb to 185° it was rocked for two hours.

The contents of the bomb were taken in acetone and this solution
filtered several times to remove the catalyst. Bvaporation of the sol-
vents left a solid which was taken up in hot methyl alcohol and allowed
to crystallize., After several recrystallizations a mixed melting point
was taken with the compound prepared by the Wolff-Kishner reduction of
2=hydrory=5-methyl-2'-chlorobenzophenone. There was no deoression of
the melting point,

Physical constants:
P, 96.,4-07,4°
C, I calc'd 85.68, 6.14 percent
C, H found 85,72, 6.27 percent
The carbon and hydrogen values were determined by Clark Nicro-

analytical Laboratory (60).



STTARY O YISLDS AM) PHYSICAL CCMSTAMTS

The yields and physical constants of the comvounds prepared are
listed in the following tables,

The boiling points listed are uncorrected but were obtained by dis-
tillation of the pure product under reduced vressure. This pressure
was measured using a tilting tyve 'cTeod guage. (Scientific Glass Co.
Y. 10-297).

The melting points were talken on products which had been dried at
room temperature. All melting points are uncorrected and were taken
by the capillary tube method (50).

The yields are based on the quantity of material having a 1-30 melt-
ing point range.

The amount of halogen present in the compounds was determined by
the Parr bomb-sodium peroxide fusion method (61). The Volhard method
of titration (62) was employed in the last operation of the determina-

tion.
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DIRIVATIVES

The p=chlorobenzoates for the nine o- and p-monochlorobenzylated
o- and p-cresols were prepared.

Six ml. of anhvdrous pyvridine, 2 ml. of p=-chlorobenzoyl chloride
and 2 grame of the phenol were added to a ten inch test tube. This
mixture, protected with a drying tube, was heated on the steam bath
for one-half hour. At the end of this time it was poured into 20 ml.
of water. This mixture was then treated with ethyl ether and the
ether layer washed successively with dilute sulfuric, 10 percent sodium
carbonate and water., The ether was evavorated and the oil taken up
with 95 percent ethyl alcohol. After severel recrystallizations from
this solvent the white crystals were dried under a vacuum (2-3 mm,)
over night at room temperature.

The uncorrected melting voints, crystal forms and chlorine content
of these derivatives are given in a table on the following page. The
melting points were determined by the capillary tube method; the chlorine

content by sodium peroxide fusion method.
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TS GUANTITATIVS DaTERMINATION OF CHLCRINWW, “ETHOD

The familiar and ravid s odium peroxide fusion method (61) was used
for the quantitative determination of chlorine.

A charge consisting of apnroximately 10 grams of sodium peroxide,
1.0 to 1.5 grams of potassium nitrate and 0.40 to 0.45 grams of sucrose
wags placed in a Parr bomb. To this was added 0.20 to 0.25 grams of the
sample to be analyzed. The contents of the bomb were thoroughly mixed
by shaking,

The charge was then ignited b means of a Bunsen flame by heating
for a period of ;hree minutes. The usual precaution of placing the bomb
in a shield was taken.

After ignition the bomb was quenched with water, opened and placed
in 200 ml. of hot water in a €00 ml. beaker. This solution was allowed
to digest for five minutes. At the end of this time the bomb was re-
moved and the solution carefully acidified with concentrated nitric acid.
The acid solution was boiled for five minutes and then allowed to cool
to room temveraturs.

At this point the solution was transferred to a 500 ml, Iodine
flask and a measured excess of 0,1 N silver nitrate added. Using the
procedure of Caldwell and *fover (14), five ml. of mnitrobenzene was added
and the contents vigorously shaken., The excess silver nitrete present
was determined by the Volhard method (62) using 0.1 N standard potassium
thiocyanate with ferric-ammonium sulfate solution as indicator (2 ml./
100 ml. solution).

The results of these determinations are given under the comvounds

analyzed.
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STMMIARY

The following methylphenyl chlorobenzoates were prepared from o-
or p-cresol and o-, m-, or p-chlorobasnzovl chloride:

2=-methylphenyl 2-chlorobenzoate

2-methylphenyl 3-chlorobenzoate

2-methylphenyl 4-chlorobenzoate

4-methylphenyl 2-chlorobenzoate

4-methylphenyl 3-chlorobenzoate

4-methylphenrl 4-chlorobenzoate

The following hydroxy-methyl-chloro'~benzophenones were prepared
by rearranging the above esters with aluminum chloride:
4-hydroxy=3-methyl=2'=chlorohenzophenone
4-hydroxy=3-methyl=3'«chlorobenzophenone
4-hydroxy=-3-methyl-4'~chlorobenzophenonse
2~-hydroxy-3-methyl-2'«chlorobenzophenone
2=hydroxy=3-methyl=3'=chlorobenzophenone
2=hydroxy-3-methyl=4'~chlorobenzoohenone
2-hydroxy=-5-methyl-2'-chlorobenzophenone
2-hvdroxy-5-methyl=-3'-chlorobenzophenone

2-hydroxy=5-methyl-4t-chlorobenzophenone

The following hydroxy-methyl-chloro'=-dinhenylmethanes were prepared
by the Wolff-Fishner reduction of the corresnonding above benzovnhenones

and by the Friedel-Crafts synthesis:

-63-



4-hydroxy=3-methyl-2'-diphenylmethane
4-hydroxy=3-methyl-3'-diohenylmethane

4-hydroxy-3-mathyl-4'-diphenylmethane

The f ollowing hydroxy-methyl-chloro'-diphenylmethanes were prepared
by the Wolff-Fishner reduction of the corresponding above benzophenones
and by the Claisen method of C-alkylation of phenols with but one ex-
geption. The reduction of 2-hydroxy-5-methyl-2'=chlorobenzophenone
gave Z-methylxanthens.

2-hydroxy=-3~methyl-2'~chlorodiphenylmethane

2=hydroxy-3-methyl=3'~chlorodiphenylmethane

2=hydroxy=3-methyl-4*=chlorodiphenylmethane
2-hydroxy=-5-methyl=2'~chlorodiphenylmethane
2=hydroxy-5-methyl-3'~-chlorodiphenylmsthane

2=-hydroxy-5-msthyl-4'-chlorodivhenylmethane

The methylphenyl-chlorobenzyl ethers corresponding to these com-
pounds were isolated and in addition prepared by another method:
2-methylphenyl-2-chlorobenzyl ether
2-methylphenyvl=-3-chlorobenzyl ether
2=-methylphenyl-4-chlorobenzyl ether
4-methylvhenyl=2~chlorobenzyl ethsr
4-methylphenyl=3-chlorobenzyl ether

4-methylphenyl-4-chlorobenzyl ether

The p=-chlorobenzoates of the hydroxy-methyl-chlorot!-diphenylmethanes

were prepared.

”” A



1.

4,
5.

6.

7.

8.

9.

10.
11.

12,

13.

14,

15.

16.

]

RSFEENCES

&3

Ro Cc Huston and Ao Lo Houk, Jo A.mo Chemo SOCQ, 2-4_, 1506 (1032);
R. C. Huston, A. Veelev, 2. L. Fayerweather, H, *', D'Arcy, F. H,
Yaxfield, *. . "allard, and ¥. C. Tewis, J. Am. Chem. Soc., 55,
2146 (1933);

R. C. Huston, R. I.. Guile, P. S. Chen, ‘. Y. Headlev, G. N. Varren,
L. S. Baur and 2. O, 'ate, J. Am. Chem. Soc., 55, 4639 (1933).

H. He Gyorgy, Phe D. Thesis, 'fichigan State College, 1950.
A. Jena, Ann., 155, 84 (1870).

E. Paterno, Gazz. chim, ital., 2, 2 (1872).

&3]

. Paterno, Gazz. chim., ital., 5, 381 (1€75).

E. H. Rennie, J. Chem. Soc., 41, 220 (1ee2); J. Chem. Soc., 49,
406 (1€86).

A, Liebmann, Der., 14, 1£42 (1€81); Rer., 15, 152 (1882).

Je Fo ''c¥enna and F. J. Sowa, J. Am, Chem. Soc., 59, 470 (1937);
Je Am, Chemn. Soc., 58, 271 (1926).

We S. Calcott, J. o Tinker and V. Weinmeyer, J. Am, Chem. Soc.,
€1, 1010 (1939).

Z. Foeldi, Zer., 61, 1€09 (1928).
K. Auwers and 5. Rietz, Ber., 38, 3302 (1905).

M, Follaritz and V. “ertz, Rer., 5, 447 (1872); Ber., 6, 446 (1€73);
Rer., 6, 538 (1£73).

o v. Nencki and Schmidt, J. prakt. chem., 23, 546 (1€81);
Y, v. Nencki and Sieber, J. prakt. chem., 23, 147 (1881);

. v. Yencki, J. prakt chem., 25, 273 (1882); “‘onatsh., 10, 906
(1e89). - “"

T 3. Johnson and F. W. lane, J. Am. Chem. Soc., 43, 348 (1921).

A. R, L, Dohme, E, H. Cox and E. *filler, J. Am, Chem. Soc., 4F,
leeg (1926).

A. Komarowsky and St. v. Kostanecki, Ber., 27, 1997 (1894).

Al ~



17.
1e.

19,

20,

21.

22.

23,

24,

25.

26.

27.

28.
29.

30.

31,

32.

33.

K. Hoesch, Ber., 48, 1122 (1915),
%o Klarmann and J. v. Wowern, J. Am. Chem. Soc., 51, 605 (1929).

. Adams, "Organic Reactions", Vol. I, John liiley and Sons, Inc.,
Yew York, N. Y., 1942, pp 342 ff.

K. Fries and G. Finck, Ber., 41, 4271 (1908).
K. “ries and W. Pfaffendorf, Ber., 43, 212 (1210).
5. H. Cox, J. Am, Chem. Soc., 49, 1028 (1928).

Z. Clemmensen, 3er., 46, 1838 (1913); Ber., 47, 51 (1914); Ber.
47, 681 (1914).

R. Adams, "Organic Reactions," Vol. I, John Wiley and Sons, Inc.,
Yew York, N. Y., 1942, pp 155 ff.

H. L, Bradlow and C., A. Vanderwerf, J. Am, Chem, Soc., 69, 1254
(1947). —

Y. Do Zelinskv, K. Packendorff and L. Leder-Packendorff, Ber.,
66, 872 (1933).

5. YMiller, W, H, Hartung, H. J. Rock and F. S, Crosslev, J. Am.
Chem. Soc., 60, 7 (1938).

Y. Kishner, J. Russ Phys. Chem. Soc., 43, 562 (1911), C.A., 6
347 (1912) L. ¥olff, Ann., 394, 86 (1912).

A. ¥, Cook and R. P. Linstead, J. Chem. Soc., 946 (1934),
G. Lock and K, Stach, Ber., 77, 293 (1944),

M. D, Soffer, M, B, Soffer and K. W. Sherk, J. Am. Chem. Soc., 67,
1435 (1945).

Huang-*finlon, J. Am, Chem. Soc., €8, 2487 (194€).

R. Adams, "Organic Reactions," Vol, IV, John Wiley and Sons, Inc.,
Yew York, N.Y., 1948, pp 378 ff.

N. 0. Calloway, Chem. Rev., 17, 327 (1935);

D. V. Nightingale, Chem. Rev., 25, 329 (1939);

C. C. Price, Chem. Rev., 29, 37 (1941);

C. A. Thomas, "Anhydrous Aluminum Chloride in Crganic Chemistry,"

A. C. S, Monograph 87, Reinhold Publishing Corp., New York, N, Y.
1941, -

Y~ ~



34.

35.

36,

37.

38,

39.

40,

41,

42,
43,

44,

45,

46,

47,

48,

49,

50.

R, C. Tuston, Science, 52, 206 (1920);
R. C. Huston, J. Am. Chem. Soc., 46, 2775 (1924).

R. C. Huston, H, A, Swartout and G, K. Wardell, J. Am, Chem,
Soc., 52, 4484 (1930).

L. Claisen and B, Tietze, Ber., 5f 3, 275 (1925); Zer., 59 B,
2344 (192¢). - -

K. H. “ever, Ann., 379, 47 (1911);
K. H. eyer and L. Schloesser, Ann., 420, 126 (1920);
. Gomberg and C. C. Buchler, J. Am. Chem. Soc., 42, 2059 (1920).

L, Claisen, ¥, Kremers, ¥, Roth and B, Tietze, Ann., 442, 210
(1925).

A. W. 7alston, . R. “cCorkle and S. T. Rauer, J. Org. Chem., 5,
645 (1940).

H. Gilman, "Crganic Chemistry," 2nd Ed., Vol. II, John Wiley and
Sons, Inc., New York, ¥, Y., 1943, p. 1879.

V. B, itheatley, L., C. Cheney and S. B. Binkley, J. Am. Chem. Sac.,
71, €4 (1949).

J. A. Lyman and Z. Reid, J. Am. Chem. Soc., 42, 615 (1920).
L. Claisen, O, Eisleb and F. Kremers, Ann., 418, 96 (1919).

J. Meisenheimer, R, Hansen and A. Vachterowitz, J. prakt. chem.,
2 119, 315 (1927).

V. Ipatieff and ¥. Orlov, Compt. rend., 183, 973 (192€).

A. H, Blatt, "Oreganic Syntheses," Collective Volume II, John
Wiley and Sons, Inc., New York, N. Y., 1943, pp 130-133,

He Gilman and A, H. Blatt, "Organic Syntheses," Collective
Volume I, John Wilev and Sons, Inc., New York, N, Y., 1941,
pp 155-156.

R. Adams, "Orpenic Reactions", Vol., I., John ¥Wiley and Sons, Inc.,
Yew York, ¥. Y., 1942, pp 63 ff.

s S. Kharask and H. C. Brown, J. Am. Chem. Soc., 61, 2142 (19239).

A, Veissherger, "Physical *ethods of Organic Chemistry," Vol. I,
Interscience Publishers, Irc., Yew York, N, Y., 1945, pp 19-21,

Y -4y 20N



51, K. W. Rosenmund and W. Schnurr, Ann., 4€0, 56 (1928).
52. K. V. Auwers and W. "lauss, Ann., 464, 293 (1028),

53. L. I's Fieser, "Experiments in Crganic Chemistry," 2nd Ed.,
D. C. Heath and Company, New York, N. Y., 1941, p. 250.

54. F. A. Vingiello, J. Am, Chem. Soc., 71, 3572 (1949).
55. E. B. Hershberg, Ind. Eng. Chem., Anal. Zd., 8, 313 (1936).

56. A. A. orton, "laboratory Technique in Organic Chemistry,"
“cGraw=1/ill Book Co., Inc., New York, N, Y,, 1938, p 110,

57. X, Klarmann, L, I, Gates and V¥, A, Sheternov, J. Am. Chem. Soc.,
54, 3315 (1932),

58. 5. Klarmann and L. W. Gates, U, S, Patent 1,926,873, September
12, 1933, to Tehn & Fink, Inc.

59, H. Adkins, "Reactions of Hydrogen," The Universit of Wisconsin
Press, ‘adison, Wisconsin, 1937, pp 13-14.

60. Clark Microanalytical Laboratory, 104} West “ain Street, Urbana,
Illinois,

6l. J. F. Lemvo and H. J. Broderson, J. Am. Chem. Soc., 39, 2069 (1917).
62, H, H, Willard, N, H. Furman, "Elementary Quantitative Analysis,"
3rd Ed., D. Ven Nostrand Compeny, Inc., New York, N. Y., 1940,
p 1850

63, J. R, Caldwell and H. 7V, “foyer, Ind. ©ng. Chem., Anal, Zd., 7,
38 (1935).



SCHRE OF COXDEISATIONS

DIRECT METHODS

FRIFDEL-CRAFTS METHOD

CHZCI ) ..
\
2-, 3-, 4-
Chlorine Position
ot 3! 4
K.P. 57.8- 39.9- 74.1-
°¢c 58.5 40.4 74.8
Yield 25.8 1Z.4 35.5
CLAISEN METHOD
CEoC1 ONa. g 0 cig
Cl H~ —C1
+ - H's
2=, 3-, 4- Chlorine Position Shlorine Position
21 3! 4! 2 3 4
M.P. 42.2- 42,7~ 47.2- 37.% liguid 61l.%-
°¢ 42.8 4.5 47.9 38.8 61.7
Yield 29.9 19.1 33.2  14.9 21.0 12.5
CH-C1 Qila CHEy 0
Cl c1 ‘ §01
+ (:::) (::23— Ha;ti::] +
CHg
2-, 3-, 4- Chlorine Position Chlorine Position
2! 2! 41 2 3 4
M.P. 42.¢6- £2.2- £l.4- licuid 53.8- 91.7-
o¢ 43.4 54.0 52.1 b4.¢€ 02.6
Yield 30.3 29.8 2C.9 8.6 10.8 4.9

SCDITM EYDROXIDE - ETEYL ALCOHOL MZTECD

CEzCl OXa Eo
Cl Cl
2-,3-,4- 2-,4- Chlorine Pocltion
2 3 4 2 3 4
M.P. 37.0- liguid 6l.2- licuid 53.8- 91.7-
°c 33.8 61.7 54.6 92.6
Yield 71.5 87.6 4.2 76.8 67.8 £§8.0

_eqo



SCIEZE OF COrDIUSATION

INDIRECT METHCDS

ESTERIFICATION
0.C1 H 0.0 B, €0.0
Cl , . ’
+ CHy c1 i' ‘ 3 ( §c1 ( l
. o,
2-,3-,4- 2-,4- Chlorine Position Chlorine Position
2 3 4 2 3 4
M.P. 1licuid 53.2- 44,7~ 68.8- 75.1- a7, 4~
°C 54.2 45.4 £9.8 76.0 2.3
Yield 90.8 g80.4 8.2 79.0 90.2 30.8

FRIZS REARRANGEIENT

¢ L
co q
( Cl = '

| CE4 3 K0
Chlorine Position Crlorinc Pesition Chlorine Pocition
. . 21 2 4 ot 2 4 o 3 4!
M.P. 167.9- 151.2- 210,5- 72.2- €9.5- 61.5- 76.3- 70.5- 5C,9=-
°¢c 168.6 151.8 211.5 72.8 70.2 62.0 77.1 1.5 67.6
Yield 35.3 55.7 52.1 11.8 17.3 12.6 71.3 45.1 30.9

WOLIFF-KISIZTZER REDUCTICN

|
:}: Fr— . cH
(71 Q% ([ O% G_CZI}

Chlorine Position Cnhlorine Position Chlorine Position
2! 3! 4t 21 3 4! 2! 2! 40
M.P. 57,8- 39.9- 47.1- 42.2- 43,7~ 47.2- 52.2- 51.4-
°c s8.5 40.4 74.8 42,8 44.5 47.9 (2) 54.0 52.1
Yield Not 41.0 44.9 Yot 44.5 60.0 78.8 42.1
cele'd calela

(a) 2-Merthylxanthene isolated, M.P. $6.4-07.4°.
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