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Anodic oxidation of 4-isopropylanisole in trifluroacetic acid-d has been observed
to promote the exchange of the methyl hydrogens of the isopropyl group. No
aliphatic hydrogen exchange was detected when 2-isopropylanisole and 4-ethyl-
anisole were treated in the same way. Oxidation products from constant potential
electrolyses of 4-isopropylanisole and 2-isopropylanisole have been identified.

For a variety of alkylated aromatic compounds a
selective aliphatic hydrogen exchange has been
reported to occur on treatment with trifluoroa-
cetic acid-d,"** and for 4-isopropylanisole the re-
sult of a kinetic and mechanistic study of the
exchange of the methyl hydrogens in the isopro-
pyl group has been reported.? For the aliphatic
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hydrogen exchange in 4-isopropylanisole a chain
reaction mechanism as shown in Scheme 1 has
been outlined.® It is suggested that oxidation of
the substrate to a benzylic carbocation is an im-
portant step in the reaction mechanism. If the
benzylic cation could be produced by an inde-
pendent oxidizing agent in the reaction vessel,
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Scheme 1. Ar denotes a p-methoxypheny! group.
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the rate of the aliphatic hydrogen exchange
would be increased. It therefore became of in-
terest to investigate whether anodic oxidation
could have any effect on the exchange rate and
also whether the oxidation products could be re-
lated to the exchange reaction. As no aliphatic
hydrogen exchange had been detected in a previ-
ous experiment for2-isopropylanisole’and 4-ethyl-
anisole? under ordinary conditions, it was of
interest, for comparison, to investigate also these
two compounds under electrolytic conditions.

Experimental

Mass spectrometric determinations were per-
formed at 70 eV on either an AEI MS 909 in-
strument (at the Department of Medical Bio-
chemistry, University of Goéteborg) or a
GLC-MS Finnigan 1020 instrument. For the
NMR analyses a Bruker WH 270 MHz instru-
ment was used. For HPLC separations and analy-
ses a Varian 5000 liquid Chromatograph fitted
with a Varian UV-100 detector was used. Trifluo-
roacetic adic-d with an isotopic purity of >99.5 %
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(dy = 1.50) obtained from CIBA was used in the
exchange experiments. Trifluoroacetic acid from
FLUKA was distilled twice before use for prep-
arative anodic oxidation. Tetrabutylammonium
tetrafluoroborate was prepared according to
standard procedures. Other chemicals were of
commercial grade and used without further puri-
fication. A three-electrode system was used for
voltammetry and electrolysis. During electrolysis
the counter electrode was separated from the
anode compartment by a glass frit. A platinum
electrode of large area (approx. 55 cm?) was used
as an anode for electrolysis, while a small glassy
carbon disc electrode (3 mm in diameter) was
used for voltammetric characterization. The po-
tentiostat was a PAR model 173/276 controlled
by an HP 85B desk computer. The reference
electrode was Ag/Ag* (0.1 M Bu,NBF,, 0.01 M
AgNO; in acetonitrile).

Syntheses

4-Isopropylanisole,  2-isopropylanisole  and
4-ethylanisole were prepared from the corre-

H(CHg) 2
Hg
Ha CH3
Hy Fig. 1. qulic voltarqmograms of thg
___________________________ three starting materials. The potential
of each electrolysis is marked in the
1000 1400 1800 . 2200 figure. Working electrode: Glassy
E vs. Ag/Ag* carbon. Sweep rate: 50 mV/s.
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sponding alkylphenols by ion-pair alkylation ac-
cording to Brandstrom.*

Preparative anodic oxidation of 4-isopropylani-
sole (30 mg, 2-107* mol) was performed under
constant potential conditions. In Fig. 1, typical
voltammograms for 4-isopropylanisole, 2-isopro-
pylanisole and 4-ethylanisole are shown. In order
to avoid interference from product oxidation, the
potentials were held in the vicinity of the first
oxidation peak. A detailed description of the vol-
tammetric behaviour of these compounds and of
some of their oxidation products will be given
elsewhere.’ After electrolysis, the trifluoroacetic
acid was distilled off and sodium hydrogen car-
bonate was added to the residue until no more
carbon dioxide was evolved. The resulting mix-
ture was then agitated for four hours with hexane
and then for another two hours with diethyl
ether. The ether solution was filtered through a
short column of alumina in order to get rid of
small amounts of supporting electrolyte. After
evaporation of the solvents a total amount of 28
mg of mixed products was obtained. NMR and
GLC-MS analyses of the crude extracts revealed
that the ether extract consisted mainly of poly-
meric material. In the hexane extract only a mi-
nor amount of polymeric material was observed.
The components of the hexane extract were se-
parated by semi-preparative HPLC. A combina-

tion of straight phase and reversed phase chroma-
tography was used. Structures of the identified
main products PII-P HI in the hexane extract are
shown in Scheme 2. Products having a molecular
weight higher than 500 were not identified.

PI: Analyses by GLC-MS and NMR: MS [IP 70
eV; mle (% rel. int.)]: 298 (32.7), 283 (100), 134
(66.0), 165 (10); '"H NMR (270 MHz, CDCL,):
8 1.25 (12H, d, J = 7.25 Hz), 2.88 (2H, h, J =
7.25 Hz), 3.73 (6H, s), 6.91 (2H, d, J = 9.0 Hz),
7.12 (2H, d,J = 2.5 Hz), 7.17 (2H, J = 9.0 hz,
4] = 2.5 Hz).

PII: Analyses by GLC-MS and NMR: MS [IP 70
eV; m/e (% rel. int.)]: 298 (100), 283 (83), 255
(22.3), 241 (33.3), 225 (22.3), 209 (19.9), 195
(15.1), 178 (15.1), 165 (34.9), 152 (18.6), 142
(18.6), 134 (60.0), 119 (22.3), 91 (18.6); 'H NMR
(270 MHz, C,D,Cl,): 8 1.06 and 6 1.22 [(6H, two
d.J =6.5Hz (at 150°C, 1.14 6H, d,J = 6.5 Hz)].
1.26 (6H, d, J = 7.0 Hz), 2.75 (1H, h, distorted,
J = 6.5 Hz), 2.88 (1H, h, distorted, J = 7.0 Hz),
3.73 (3H, s), 3.86 (3H, s), 6.74 (1H, *J = 8.0 Hz,
4] = 2.6 Hz), 6.85 (1H, d,J = 8.3 Hzx), 6.88 (1H,
d, J = 2.5 Hz), 6.98 (1H, d, J = 2.0 Hz), 7.07
(1H,d,J = 8.0 Hz), 7.15 (1H, 3] = 8.3 Hz, Y] =
2.0 Hz).

PIII: Analyses by GLC-MS and NMR: MS [IP 70
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Scheme 2. Product formation on anodic electrolysis of 4-isopropylanisole. Only identified products are included

in the scheme.
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Scheme 2. Product formation on anodic electrolysis of 2-isopropylanisole. Only identified products are included

in the scheme.

eV; mle (% rel. int.)]: 296 (12.2), 231 (100), 173
(83.0), 158 (10.8), 133 (66.2), 121 (33.8), 91
(16.2), 77 (10.4); '"H NMR (270 MHz, CDCl,):
0 1.02 (3H, s), 1.28 (3H, s), 1.62 (3H, s), 2.14
(1H, d,J = 12.4 Hz), 2.31 (1H, d, J = 12.4 Hz),
3.63 (3H, s), 3.71 (3H, s), 6.50 (1H, d, J = 2.5
Hz), 6.65 (2H, d, J = 8.60 Hz), 6.71 (1H, *J =
8.25 Hz, *J = 2.5 Hz), 6.95 (1H, d, J = 8.25 Hz),
5.96 (2H, d, J = 8.60 Hz).

Preparative anodic oxidation of 2-isopropylani-
sole (30 mg, 2-107* mol) was carried out as for
4-isopropylanisole. During the electrolysis at 1.5
volt vs. Ag/Ag" the reaction solution turned
blue-green coloured. The crude product,
amounting to 27 mg, was isolated as described
above. The ether extract contained only a small
amount of the supporting electrolyte, as could be
observed by NMR spectroscopy. The hexane ex-
tract was analyzed by HPLC, NMR and

GLC-MS. From GLC-MS, two dominant prod-
ucts of molecular weights 298 and 314 were de-
tected. HPLC analyses revealed another three
products. All five products were separated by
means of semi-preparative HPLC for identifica-
tion purposes. Three products were identified
as having the structures OI-OIII shown in
Scheme 3. Two minor products of molecular
weights 284 and 548, corresponding to the molec-
ular formulas C,,H,,0, and C;H,,0; were iso-
lated but not identified. The molecular formula
C,H,,0, may correspond to a diphenyl ether
derivative. Among the products from electrolysis
of 2-isopropylanisole, no indane derivative or
other products arising from a styrene derivative
could be identified.

For the identified products the following data
were obtained:

OI: 'H NMR (270 MHz, CDCL,): & 1.25 (12H, d,
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J =77.12 Hz), 3.25 (2H, h, J = 7.12 Hz), 3.85
(6H,s), 6.88 (2H, d, J = 8.38 Hz), 7.31 (2H, ] =
8.35 Hz, ¥ = 2.37 Hz), 7.37 (2H, d, J = 2.37
Hz); MS [IP 70 eV; me (% rel. int.)]: 299 (15.5),
298 (100), 283 (32.3), 268 (9.3), 241 (11.8), 226
(11.8), 134 (36.0), 127 (13.6), 119 (10.5).

OII: '"H NMR (270 MHz, CDCl,): § 1.20 (6H, d,
J =17.0Hz), 1.23 (6H, d, J = 7.0 Hz), 3.26 (1H,
h, J = 7.0 Hz), 3.36 (1H, h, J = 7.0 Hz), 3.84
(3H, s), 3.87 3H, s), 5.16 (1H, s), 6.53 (1H, s),
6.94 (1H, d, J = 7.6 Hz), 7.01 (1H, s), 7.20 (1H,
3] = 7.6 Hz, *J = 2.0 Hz), 7.24 (1H, d, J = 2.0
Hz); MS [IP 70 eV; m/e (% rel. int.)]: 314 (68.5),
300 (15.4), 299 (100), 257 (67.9), 142 (38.8), 128
(10.0).

OIII: 'H NMR (270 MHz, CDCl,): & 1.40 (12H,
d, J = 8.0 Hz), 1.41 (6H, d, J = 8.0 Hz), 3.40-
3.60 (3H, m), 4.09 (3H, s), 4.10 (6H, s), 7.80
(1H.s), 7.81 (1H, s), 7.88 (1H, s), 8.35 (1H, s),
8.37 (1H, s); MS [IP 70 eV; m/e (% rel. int.)]: 445
(10), 444 (100), 443 (10), 429 (15), 207 (10), 144
(10), 118 (26).

Preparative electrolysis of 4-ethylanisole produced
mainly polymeric material and minor amounts of
dimeric products, as could be observed from
NMR and GLC-MS analyses. Careful analyses of
the GLC-MS spectra did not reveal the presence
of structures of molecular weight 268, corre-
sponding either to an indane derivative or a
dimer of a styrene derivative.

In hydrogen exchange experiments, solutions of
the three anisole derivatives were prepared in the
same way as for the preparative electrolyses.
One-half of each solution was electrolyzed to the
extent of 5% of the amount of charge required
for one electron and the other half was kept as a
reference solution. All solutions were maintained
at 40£0.1°C. After electrolysis the substrates
were recovered as in the preparative experiments
and analyzed by GLC-MS and NMR spectro-
metry. For 4-isopropylanisole the degree of ali-
phatic hydrogen exchange amounted to 45 % un-
der the influence of electrolysis, whereas for the
substrate in the reference solution less than 1%
of the aliphatic methyl hydrogens in the isopropyl
group were exchanged. An aliphatic hydrogen
exchange in 4-isopropylanisole amounting to
45% for the material in the reference solution
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was obtained after 45 hours. 4-Ethylanisole and
2-isopropylanisole did not exchange aliphatic hy-
drogens under any conditions (cf. Refs. 2 and 3).
As observed in previous investigations,'™ no ben-
zylic hydrogen exchange could be observed under
the influence of electrolysis, and in the reacted
material all six methyl hydrogens were ex-
changed.

No aliphatic hydrogen exchange could be ob-
served for 4-isopropylanisole on electrolysis
when the experiment was carried out in acetic
acid-d.

Discussion and results

A pronounced effect on the aliphatic hydrogen
exchange was observed in electrolysis of 4-iso-
propylanisole, whereas 2-isopropylanisole and
4-ethylanisole were unaffected. It seems possible
that this strong effect in electrolysis of 4-isopro-
pylanisole would be the result if an intermediate
benzylic carbocaton is formed via anodic oxida-
tion. Strong evidence for such an ion is provided
by the formation of the indane derivative PIII,
which may be formed as shown in Scheme 2 (cf.
Ref. 5).

Formation of a benzylic carbocation via elec-
trolysis would have a catalytic effect on the ex-
change rate if the reaction scheme shown in
Scheme 1, as suggested earlier, still holds. The
catalytic effect of electrolysis then seems to be
consistent with the results of previous experi-
ments,® where it was noted that addition of a
small amount of the suggested styrene derivative
¢ in Scheme 2 had a strong influence on the
exchange rate which was believed to be due to
formation of a benzylic carbocation, a result that
supported the reaction mechanism outlined in
Scheme 1.

Since the anodic oxidation is carried out at the
potential for formation of the radical cation, an
alternative mechanism for the exchange reaction
would be an Sog 1 mechanism.!*!> However, no
exchange can be observed for 4-ethylanisole un-
der electrolysis conditions; thus, at the present
stage it seems that the mechanism outlined in
Scheme 1 should be the most likely.

The resistance of 2-isopropylanisole and
4-ethylanisole to aliphatic hydrogen exchange un-
der the influence of electrolysis might, as claimed
previously,” be due to the corresponding benzylic
carbocations not being stable enough to be




formed in sufficient amounts. For these two com-
pounds no products related to a benzylic cation
could be observed.

The two identified biphenyl derivatives formed
by electrolysis of 4-isopropylanisole are products
of the kind which could be expected from elec-
trolysis,”” as is the structureless polymeric mate-
rial.

The dimeric product OII from oxidation of
2-isopropylanisole was expected. The trimeric
product O III may be formed via a reaction be-
tween the starting material and a radical cation
formed from the dimer OI and a subsequent
ring-closure after further oxidation. Product O Il
formed a green coloured solution in TFA, an
observation that will be further investigated. The
phenolic dimer OII probably resulted from
hydrolysis, during the isolation procedure, of a
nuclear trifluoroacetate formed from OI in the
electrolysis. No trace of side chain trifluoroace-
toxylation could be detected starting from any of
the alkylanisoles.

SELECTIVE ALIPHATIC HYDROGEN EXCHANGE

References

1. Nilsson, A. and Olsson, K. Acta Chem. Scand.,
Ser. B29 (1975) 752.

2. Nilsson, A. and Nilsheden, C. Acta Chem. Scand.,
Ser. B39 (1985) 25.

3. Nilsson, A. Acta Chem. Scand., Ser. B38 (1984)
231.

4. Brindstrém, A. Preparative Ion Pair Extraction,
Swedish Academy of Pharmaceutical Sciences,
Stockholm 1976, p. 155.

5. Ahlberg, E. and Nilsson, A. To be published.

6. Shono, T. and Matsumma, Y. J. Org. Chem. 35
(1970) 4157.

7. Eberson, L. and Nyberg, K. Acc. Chem. Res.
(1972) 106.

8. Nyberg, K. Acta Chem. Scand. 24 (1970) 609.

9. Svanholm, U. and Parker, V.D. Acta Chem.
Scand., Ser. B34 (1980) 5.

10. Alder, R.W. J. Chem. Soc., Chem. Commun.
(1980) 1184.

11. Gardini, G.P. and Bargon, J. J. Chem. Soc.,
Chem. Commun. (1980) 757.

12. Eberson, L. Electron Transfer Reactions in Organic
Chemistry, Springer, Berlin-Heidelberg 1987,
p-176.

Received December 23, 1987.

383



