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A, WITH TRIPHENYLCHLOROMETHANE

Triphenylchloromethane has been employed, to a limited extent, as a reagent
for the introduction of the triphenylmethyl group into aromatic compounds.
When the benzene ring is substituted with the groups —OH (1-7) and —NR,
(8) the reaction leads to a good yield of para-tritylated product.

To this group may be added —NH,, —NHR, —OR, and —NHCOCH,.
Ethers (anisole and phenetole) were cleaved by the reagent and the p-hydroxy-
tetraphenylmethane was obtained in each case. Cleavage to p-aminotetraphen-
ylmethane was not observed with acetanilide; the product isolated was p-acet-
aminotetraphenylmethane. A similar result was reported by Hickinbottom
(8) for N-methylacetanilide.

A reaction was not observed when the substituent was nitro, carboxyl, chloro,
bromo, iodo, and alkyl. With thiophenol only the sulfide was obtained; when
the reaction was carried out at a higher temperature, triphenylmethane was
formed but none of the para-tritylated product was isolated.

It has been claimed by van Alphen (3) that lateral substitution occurs with
o-cresol. Parson and Porter (6) agreed with this view whereas Iddles and co-
workers (9) and Boyd and Hardy (5) presented evidence to show it was in error.
The matter has been further discussed recently by Baker (26). In the present
work alkylbenzenes were found to be unreactive with trityl chloride; neither
lateral nor nuclear substitution occurred.

Triphenylmethane has been reported as a product in some of the reactions
(3, 5,8, 10). It was observed by the present authors that when tritane was formed
it was always accompanied by an uncrystallizable, gummy substance of, as yet,
unknown composition. Sometimes, as with dimethylaniline, the p-trityl de-
rivative was obtained also from the reaction mixture,

There is some reason to believe that at the relatively high temperatures
employed, a free radical reaction is involved in the formation of the triphenyl-
methane, For example, when trityl chloride is heated alone it is converted, in
part, to 9-phenylfluorene and triphenylmethane (11). It is difficult to explain
the products obtained (or the triphenylmethane, resinous-like material, and
hydrogen chloride of the present work) except by a reaction involving the homo-
lytic cleavage of the carbon-chlorine bond. Furthermore, when the triphenyl-
methyl free radical is treated with hydrogen chloride, in the absence of light,
it is changed to tritane and trityl chloride (12). In view of these circumstances

1 Material taken from the dissertation of G. Chuchani, submitted to the Faculty of
Tulane University, August 1954, in partial fulfillment of the requirements for the degree
of Doctor of Philosophy. American Cyanamid Research Fellow, 1953-1954.

2 Present address: Avenida Simon Rodriguez 87, Caracas, Venezuela.
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it seems reasonable to consider the present reaction leading to triphenylmethane
formation as proceeding as follows:

) (CsHy);CCl —  (CeHy)Co + Cle
Y Y
N
®) Cle + - | [+Ha
y

Y = A strong ortho- and para-directing group
(0] 2(CeH;);Ce 4+ HCl —  (CeH;);CH + (CyHs), CCl
Evidence is not available to account for the disappearance of the starting
substituted benzene compound. No simple compound such as Y@Cl

was ever found in any of the reaction mixtures. One could speculate that a reac-
tion of this type occurred:

Y

ol Resinous-
D 2 — [Y—@—@Y] L, like + HCl
material

The diphenyl derivative, shown as the intermediate, was never isolated; if it
formed, the reaction must have continued in a direction leading to the resinous
product.

Since the para-tritylated product is sometimes obtained with the tritane its
formation may occur by the combination of the phenyl free radical of Step B
with the triphenylmethyl free radical of Step A:

Y Y
I l
7
+ (CeH;);Ce — I

X

C(CGH5)3

It is not likely that the para-tritylated compound serves as an intermediate
in the triphenylmethane formation since it was not possible to cleave it with
dry hydrogen chloride.

Triphenylmethane formation was prevented by keeping the temperature as
low as posgible and, in a practical way, not more than 10° above the point at
which the evolution of hydrogen chloride was first noted.

In attempting to explain how the para-tritylation reaction ocecurred, van
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Alphen (3, 10) thought that with phenols and o-toluidine an addition reaction
first took place at the oxygen or nitrogen atoms followed by the elimination of
hydrogen chloride; the ether or N-substituted amine formed then underwent a
rearrangement reaction to produce the para-tritylated product. Van Alphen’s
view was based mainly on the observation that when phenol was treated with
trityl chloride in pyridine, the hydrogen chloride was held by the pyridine and
rearrangement did not occur; only the ether was obtained.

Recent kinetic data by Hart and Cassis (13) indicates that, with phenol, the
ether is not an intermediate. Instead the trityl chloride appears to dissociate in
the presence of the phenol to a tripheny! carbonium ion:

(CeH;);CCl = (CeH;),C*T + ClI™

The para-tritylated product then results from the attack of the carbonium
ion at the para position, thus

Y Y
(CeH;),Ct + @ — @ + H*

C(CeHs)s

Evidence in support of the latter idea and opposed to the former may be listed
as follows:

1. Jones and Seymour (14) failed in their efforts to obtain an onium salt from
trityl chloride and trimethylamine. It seems unlikely, for steric reasons, that
an amine such as dimethylaniline would form such a salt in the tritylation
reaction.

2. Hickinbottom (8) concluded that the tritylation of N-methylacetanilide
involved a direct attack of a trityl ion at the para position.

3. In a related reaction (5), triphenylearbinol used alone with phenol gave
the para product. In this case any ether formed would have to undergo rearrange-
ment in the absence of a strong acid. In this connection it was not possible in
this investigation to convert tritylphenyl ether to the para-tritylated product
by the action of heat alone up to 200°. The same statement can be made for
N-tritylaniline.

4. In the present work it was not possible to isolate N-triphenylmethylanil-
ine from the action of trityl chloride on aniline; only the para-tritylated product
was obtained. Operating at temperatures thought favorable for the formation
of the N-substituted product did not lead to its isolation.

5. Kinetic data of Hart and Cassis previously cited.

6. The reaction proceeds most readily in the presence of reagents which
would be expected to promote the dissociation of the trityl chloride:

(CeH:);CCl = (CeHs):CH + CI™

In this laboratory it was found that alkylbenzenes are inert to trityl chloride.
This is attributed not so much to a lack of ring activation, as to the failure of
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the reagent to assist in the dissociation of the chloride. It has been shown in
the following section (Part B) that under more favorable conditions, i.e., tri-
phenylcarbinol in an acetic acid-hydrochloric acid mixture, toluene will substi-
tute the trityl group in the para position.

Table I lists pertinent information for the various compounds used.

EXPERIMENTAL

General procedure. Triphenylchloromethane and the compound to be tritylated were
mixed in an approximately 1:1 molar ratio with the aromatic compound in g very slight ex-
cess, A solvent was not employed. A two-necked flask, fitted with a thermometer, condenser,
and drying tube was used. All known compounds prepared were checked by employing the
mixture melting point technique with authentic samples.

Structural proof of p-acetaminotetraphenylmethane was obtained by (a) acetylation of
p-aminotetraphenylmethane and (b) hydrolysis of the compound to p-aminotetraphenyl-
methane.

Acetylation of p-aminoteiraphenylmethane. A mixture of 2.0 g. of p-tritylaniline, 20 ml.
of glacial acetic acid, and 10 ml. of acetic anhydride was refluxed for 7 hours. The mixture
was cooled to room temperature and poured into a beaker containing 75 ml. of cold water.
The taffy-like material which formed gradually solidified and was recrystallized from tol-
luene; m.p. 233-234°. A mixture of this compound and the one obtained from the tritylation
of acetanilide showed no depression in the melting point.

Hydrolysis of p-acetaminotetraphenylmethane. One gram of p-acetaminotetraphenyl-
methane, from either of the two sources previously described, was mixed with 5.0 ml. of
concentrated hydrochloric acid and 15 ml. of glacial acetic acid. The mixture was refluxed
for six hours then transferred to a beaker containing about 50 g. of ice and water. The solid
obtained was recrystallized from toluene; m.p. 256-257°. A mixture of this compound and
an authentic sample of p-aminotetraphenylmethane showed no depression in the melting
point.

SUMMARY

1. The tritylation of benzene substituted with the groups OH, OR, NH,,
NHR, NR;, and NHCOCH; with trityl chloride gave compounds with the trityl
group substituted exclusively in the para position. Ethers were cleaved so that
the product obtained was p-hydroxytetraphenylmethane. The acetyl group
was not removed from acetanilide.

2. The following compounds were inert to the reagent: nitrobenzene, benzoic
acid, chloro-, bromo-, and iodo-benzenes. With alkylbenzenes neither lateral
nor nuclear substitution occurred.

3. Thiophenol gave only the sulfide.

4. Triphenylmethane formation was explained on the basis of a free radical
mechanism. The formation of this undesirable product was prevented by a
proper control of reaction temperatures.

5. Evidence was offered to show that the para-tritylation reaction involved
an attack on the para position by a triphenyl carbonium ion.

B. WITH TRIPHENYLCARBINOL

Many tetraphenylmethane compounds have been prepared by the method
first described by Baeyer and Villiger (18). The process involves the treatment
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of an aromatic compound with triphenylcarbinol in a sulfuric acid-acetic acid
solution.

para-Tritylated products have been reported for phenol, the cresols, the
naphthols, and anisole as well as for a number of structurally related compounds
4, 5, 7,9, 15, 19). A modification of the method was suggested by Gomberg
and Kamm (20) who substituted hydrochloric acid for the sulfuric acid. Com-
pounds prepared by the modified method include the toluidines, methylaniline,
dimethylaniline, and phenol (8, 10, 15-17, 21).

In the present work the emphasis was on the use of hydrochloric acid.

para-Methoxytetraphenylmethane was obtained by the hydrochloric acid
method; phenetole, by the same procedure, was cleaved to p-hydroxytetra-
phenylmethane. Hardy (15) reported the isolation of p-ethoxytetraphenyl-
methane from the Baeyer and Villiger process.

Acetanilide, in sulfuric acid, gave the para-tritylated derivative whereas in
hydrochloric acid the acetyl group was removed to give p-aminotetraphenyl-
methane.

Thiophenol, in sulfuric acid, has been reported (22) to form only a sulfide.
The same result was obtained with hydrochloric acid. When benzene was mono-
substituted with any of the following groups or atoms the tritylation reaction
did not occur, using either sulfuric acid or hydrochloric acid: chloro, bromo,
iodo, nitro, and carboxyl. Negative results were obtained also with benzene
and naphthalene.

A result of special interest was the conversion of toluene, in hydrochloric
acid, to p-methyltetraphenylmethane. This compound was unobtainable by the
sulfuric acid process. Work is continuing, in this laboratory, with other aromatic
hydrocarbons.

It has been reported (4, 5, 15) that in the presence of sulfuric acid, triphenyl-
methane is sometimes a product of the reaction and, in some cases, it is the only
product obtained. In the present work it has been noted that when triphenyl-
methane forms, the reaction is due apparently to the action of sulfuric acid on
triphenylcarbinol. When the two reagents are heated together, a good yield of
triphenylmethane is obtained. An explanation for this reaction cannot be offered
at the present time. Significantly, triphenylmethane formation was not observed
when hydrochloric acid was used as the catalyst.

Table II lists certain significant information about the compounds prepared
by the two methods. In general, the hydrochloric acid method was found to be
better since it gave a cleaner product without triphenylmethane as a by-product.
Resinous materials along with triphenylmethane were commonly obtained when
sulfuric acid was used.

The large trityl group finds the para position more accessible than the ortho
gince the reaction invariably leads to a para-tritylated derivative if the para
position is available for reaction. When the para position is blocked, ortho sub-
stitution may occur. At least one example of an ortho-tritylated compound has
been reported. Iddles and co-workers (7) obtained 2-hydroxy-3-methyl-5-bromo-
tetraphenylmethane by the Baeyer and Villiger method from 4-bromo-2-
methylphenol.
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It has been suggested (4-7, 9, 10, 15, 23) that the tritylation reaction occurs
by the initial formation of an ether or N-tritylated compound followed by a
rearrangement of the trityl group to the para position. In this investigation it
was observed that triphenylmethylphenyl ether in a sulfuric acid-acetic acid
mixture or hydrochloric acid-acetic acid mixture was converted to p-hydroxy-
tetraphenylmethane. The same kind of result was obtained with N-triphenyl-
methylaniline. An exceptional case was found with triphenylmethylphenyl
sulfide which cleaved to thiophenol.

It appears likely that the reaction does not require an intermediate of the
type claimed; instead a direct attack of a triphenyl carbonium ion on the para
position is indicated:

a) (CeH5);COH + Ht = (CeH;):C* + H,0
Y Y
(B (CeHp),CT + hd + HY
C(CsHs),

Where Y is a strong ortho- and pare-directing group.

Evidence in support of the reaction proceeding in this way may be listed as
follows:

1. An examination of the Fisher-Taylor-Hirschfelder models indicates that
with a group as bulky as the triphenylmethyl group the formation of an onium
compound is not favored. Although this steric factor is not observable with
phenol it is quite noticeable with compounds such as N,N’-dimethylaniline or
acetanilide.

2. The medium employed is one expected to promote the formation of the
triphenyl carbonium ion.

3. Iddles and co-workers (7) were unable to rearrange p-bromo-o-cresyltri-
phenylmethyl ether to 2-hydroxy-3-methyl-5-bromotetraphenylmethane in
sulfuric acid-acetic acid solution; yet they did succeed in obtaining the tetra-
phenylmethane derivative by treating 4-bromo-2-methylphenol with triphenyl-
carbinol according to the Baeyer-Villiger method.

4. An initial onium-type compound is not possible with toluene yet it was
found possible to para-tritylate it. In a related reaction it has recently been
reported (24) that alkylbenzenes are attacked at a ring position by diphenyl-
carbinol in a sulfuric acid-acetic acid solution.

EXPERIMENTAL

General procedure. Triphenylearbinol, the acid and the compound to be tritylated were
mixed in an approximately 1:1:1 molar ratio with the aromatic compound in very slight
excess. For reactions using a 0.1 mole of the carbinol, about 20 ml. of glacial acetic acid
were employed. In the reactions employing sulfurie acid a flask fitted with a reflux conden-
ger was used. When hydrochloric acid was used, a trap containing dilute sodium hydroxide
was conmected to the top of the condenser. Produets were isolated by pouring the reaction
mixture into water.
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All known compounds prepared were checked by employing the mixture melting point
technique with authentic samples.

Triphenylcarbinol in acetic acid-sulfuric acid solution. A mixture of 2.6 g. of triphenyl-
carbinol, 5 ml. of cone’d sulfuric acid, and 30 ml. of glacial acetic acid was refluxed for 15
hours. The red-brown solution was poured into about 50 g. of an ice and water mixture.
The solid obtained was recrystallized from ethanol; m.p. 93-94°. A mixture melting point
determination with an authentic sample of triphenylmethane showed no depression in the
melting point. Yield, 90% (2.2 g.)

Rearrangement of N-triphenylmethylaniline. One gram of N-triphenylmethylaniline and
4 ml. of conc’d hydrochloric acid (or 2.0 ml. of conc’d sulfuric acid) were mixed with 15 ml.
of glacial acetic acid. The solution was heated to reflux for 14 hours, then cooled and poured
into an ice and water mixture. The solid obtained was recrystallized from toluene; m.p.
256-257°. A mixture of the product and p-aminotetraphenylmethane showed no depression
in the melting point. Yield 80% (from sulfuric acid; 50%).

Rearrangement of triphenylmethylphenyl ether. One gram of triphenylmethylphenyl ether
was added to 15 ml. of glacial acetic acid containing 5 ml. of cone’d hydrochloric acid (or
2 ml. of conc’d sulfuric acid). This mixture was refluxed for 16 hours. Crystals separated
when the mixture was cooled; they were filtered and recrystallized from glacial acetic
acid; m.p. 284-285°. A mixture melting point determination with p-hydroxytetraphenyl-
methane gave no depression in the melting point. Yield: 80% (in sulfuric acid: 67%).

Attempted rearrangement of triphenylmethylphenyl sulfide. One gram of triphenylmethyl-
phenyl sulfide was mixed with 15 ml. of glacial acetic acid and 4 ml. of conc’d hydrochloric
acid. The mixture was refluxed for 18 hours, cooled, and poured into a small quantity of
cold water. A solid, which formed slowly, was filtered and recrystallized from ligroin; m.p.
163-164°. A mixture melting point with authentic sample of triphenylearbinol showed no
depression in the melting point.

The presence of thiophenol in the aqueous filtrate was indicated by its characteristic
odor.

SUMMARY

1. A comparison was made of the use of hydrochloric acid and sulfuric acid in
the tritylation of aromatic compounds with triphenylcarbinol. Hydrochloric
acid was shown to give a cleaner reaction without the formation of triphenyl-
methane and the resinous product observed in the presence of sulfuric acid.

2. Toluene, with hydrochloric acid but not sulfuric acid as the catalyst, was
changed to p-methyltetraphenylmethane.

3. Triphenylearbinol was converted to triphenylmethane when it was heated
in an acetic acid-sulfuric acid mixture.

4. Thiophenol could not be tritylated in the para position; only the sulfide
was obtained.

5. When reaction occurred only substitution in the para position was noted.

6. Triphenylmethylphenyl ether and N-triphenylmethylaniline underwent
rearrangement to p-hydroxytetraphenylmethane and p-aminotetraphenyl-
methane, respectively, when heated with either hydrochlorie acid or sulfuric
acid.

7. Evidence was presented to show that the para-tritylation reaction occurred
by the attack of a triphenyl carbonium ion on the benzene ring.

NEw ORLEANB 18, La.
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