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Phosphoric Acid Systems' 2, Part 7. The Halogenation
or Nitration of Aryl Compounds in Trialkyl Phos-

phates

D. E. PEARSON®*, M. G. FRAZER, V. S. FrAZER, L. C. WASHBURN

Department of Chemistry, Vanderbilt University, Nashville,
Tennessee 37235, US.A.

Trimethyl phosphate is a remarkable reacting solvent for
halogenation reactions. No hydrogen halide is cvolved dur-
ing the halogenation: rather, the hydrogen halide combines
very rapidly with trimethyl phosphate to form methyl halide.
Indeed, the reaction is so fast that it may be assumed to
proceed in a hydrogen halide-free medium. Therefore. sub-
strates which arc sensitive to hydrogen halide may be more
amenable to halogenation. With this possibility in mind,
the halogenation reactions listed in the Table were carried
out. Some of the results of the Table show that the possibility
is indeed a reality. 1,3,5-Tris[¢-butyl]benzene on halogena-
tion under ordinary circumstances gives the dealkylation
product (5-bromo-1,3-bis[t-butyl]benzene from bromine in
carbon tetrachloride)® or no reaction (bromine in acetic
acid)® but on halogenation with the bromine/trimethyl phos-
phate reagent gives high yields of bromo-1,3,5-tris[¢-butyl]-
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benzene. Moreover, 2,6-bis[t-butyl]-4-cresol, another sub-
strate subject to dealkylation, is exhaustively chlorinated
to 2.6-bis[t-butyl]-3-chloro-4-dichloromethylphenol, a new
compound, indicative of no dealkylation.

Br, / CCl, t-C4Hg

t-C4Hg CiHo-t Br, / HOAc

CyHo-t

Bry /{H3C)3PO t-CiHg

General observations were that bromine or chlorine in tri-
methyl phosphate were quite mild reagents capable of substi-
tution into nuclei as active as, or more reactive than, benzene.
Todination could be carried out on less active substrates
only with iodine monochloride but with iodine itsell on
phenols. Iodination, however, was more limited in its prepar-
ative scope than bromination or chlorination. Another
noteworthy halogenation from the Table is the exhaustive
bromination of 9-methylphenanthrene to give 2,7,10-tribro-
mophenanthrene. The preparation succeeded because of the
separation of this high melting solid from the reaction mix-
ture. Most of the halophenanthrenes in Table were used
to prepare potential antimalarials®.

Many practical observations are to be found in the Experi-
mental Section, and a novel nitration experiment with tri-
methyl phosphate and phosphorus pentoxide is described
also.

General Procedure for Halogenation:

To the substrate (0.05mol) dissolved in trimethyl phosphate
(Aldrich, 100 ml), magnetically stirred, was added the halogen
(0.06 mol) in trimethyl phosphate (50 ml) (rapidly if not decolor-
ized, slowly if decolorized). This solution, protected from moisture
and from light, was held first at 50° until the color noticeably
lightened (usually to a cream yellow) and then at somewhere
below 100° if color has not lightened. Some substitutions took
overnight. After completion of the reaction, the mixture was diluted
with water, filtered to remove the organic solid or extracted with
hexane to remove the organic oil. Trimethyl phosphate is not
soluble in hexane but is soluble in benzene or dichloromethane.
Rather than extract with the latter two solvents, the trimethyl
phosphate was on occasion removed at reduced (-2 torr)
pressure.

Helpful Remarks:

For chlorination, chlorine was bubbled into cold trimethyl phos-
phate until the weight increase was correct. Trimethyl phosphate
1s an excellent solvent for the halogens. Chlorine has been kept
for a year dissolved in trimethyl phosphate protected from light.

Trimethy! phosphate contained about 3% methanol. The meth-
anol was not removed in the above halogenations. However,
phosphorus pentoxide could be added to trimethy! phosphate
to remove the methanol. Trimethyl phosphate in our experience
is the only non-acidic solvent that will dissolve phosphorus pentox-
ide. We are carrying on further experiments making use of this
observation. Incidentally, halogenation may be carried out in
trimethyl phosphate in which phosphorus pentoxide is dissolved,
but the results were no different than using trimethyl phosphate
itself.

no reaction
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Triethyl phosphate could be used in place of trimethyl phosphate
in all halogenation reactions; it does not dissolve phosphotrus
pentoxide, however, nor does it work as well in iodination.. .

Methyl bromide was detected in the bromination reactions in
trimethyl phosphate by the appearance of a sharp singlet at

C,Hg-t

270 ppm in the 'H-N.M.R. spectrum. The commercial trimethyl
phosphate showed a doublet at 3.68 ppm, Jp,n=124Hz, and
a low intensity signal at 3.21 ppm (methanol).

Specific Reactions:

Further bromination of bromo-1,3,5-tris{t-butyfJbenzenc did not
succeed.

C,Hg-¢

C4Ho-t

Exhaustive chlorination of 2,6-bis[t-butyl]-4-cresol was carried
out with 6 equivalents of chlorine in trimethyl phosphate added
dropwise and the solution held overnight at 80° and extracted
with hexane after dilution.

Nitration of Anthracene; Typical Procedure:

Trimethyl phosphate (30 ml), phosphorus pentoxide (10 g), and
anthracene (5.5 g,0.03 mol) were stirred at 23° while sodium nitrate
(3.6 g, 0.03 mol) was added in portions over 30 min. The mixture
was allowed to stand for 18h and was then diluted with water
(90 ml). The yellow solid was filtered off and crystallized {rom
alcohol to give small yellow needles of 9-nitroanthracene: yield:
(71 %); m.p. 144-145°,

Similarly, 9-methylphenanthrene gave 9-methyl-10-nitrophenan-
threne; yield: 37%; m.p. 168-170°. No attempt was made to
maximize these yields.
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Erratum

D. E. Pearson, M. G. Frazer, V. S. Frazer, L. C. Washburn
Synthesis 1976 (9), 621-623.

Reference 1, Part 6 (p. 623) should be: D. E. Pearson, U.S. Patent
3,988,369, Oct. 26, 1976.
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