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THE AMIDE-CLAISEN REARRANGEMENT. IIT.

THE THERMAL REARRANGEMENT OF N-ALLYL-N-TOSYLANILINE
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The use of a small amount of triphenylphosphine in the thermal
rearrangement of N-allyl-N-tosylaniline to 2-allyl-N-tosylaniline in
N,N-dibutylaniline depressed, to a great extent, the decomposition
of the reaction mixture. The sum of the yields of rearrangement
products, which were 2-allyl- and 2-(trans-1-propenyl)-N-tosyl-
aniline, and 2-methyl-1-tosylindoline, reached to 85%.

Carnahan and Hurdl) showed that the thermal treatment of N-allyl-N-tosyl-
aniline (I) at 300°C brought about evolution of hydrogen sulfide and resin forma-

2)

tion, with only traces of primary amine derivatives formed. We also reported
that I gave crude 2-allyl-N-tosylaniline (II) only in 15% yield?) when heated at
230°C for ten hours in a nitrogen atmosphere, and further heating caused the
decomposition of the reaction mixture to resinous matters, although N-allyl-N-
tosyl derivatives of 1- and 2-naphthylamine rearranged, in a shorter reaction
time, to the corresponding Claisen-type rearrangement products in >90% yields,

2)

respectively?
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It has now been found, however, that the thermal rearrangement of I in N,N-
dibutylaniline proceeds smoothly and the decomposition is largely depressed,

especially when a small amount of triphenylphosphine is added to the solution.
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Thus, when 2.00g of I was heated in 10 ml of N,N-dibutylaniline containing 0.20g

. 4
of triphenylphosphine at 2459C for 55 hours in a nitrogen atmosphere, II,)

2-

. . b)) L. )
methyl-1-tosylindoline ' (V), 2-(trans-1-propenyl)-N-tosylaniline (I1I), and
N-tosylaniline (IV) were obtained in 73, 11, 1, and 1% yields, respectively, with
10% recovery of I. Accordingly, the yield of rearrangement products (1r, III,

and V) sums to 85%5)

NHTs Ts

III R: CH=CHCH3
IV R: H

In order to assess the effectiveness of the addition of triphenylphosphine, I

was heated in N,N-dibutylaniline in the presence or absence of triphenylphosphine
at 260°C. The yield of II was determined spectrophotometrically, after extrac-
tion of alkali-soluble matters (II, III, and IV) from the reaction mixture,
followed by separation of them by tlc. The results are shown in Fig. 1. In the
absence of triphenylphosphine, the maximum yield of II was 42% (12 hours) and, on
further heating, the yields decreased rapidly with increasing reaction time.

This exhibits the relatively violent decomposition of the reaction mixture to
occur§) In the presence of triphenylphosphine, on the other hand, the maximum
yield of II reached to 61% in 19 hours, and the decomposition also took place more
mildly. It is now clear that the presence of triphenylphosphine in thermal re-
arrangement of I to II in N,N-dibutylaniline is very effective to inhibit the de-
composition of the reaction mixture.

We examined the effect of several solvents, i.e., tetralin, diphenyl ether,
diethanolamine, ethylene glycol, carbitol, and N,N-bis(B-hydroxyethyl)aniline.
When I was heated in these solvents at 245°C or below, the reaction mixture turned
gradually brown and were led to dark resinous matters within a few hours of
reaction. They were not sufficient to depress the decomposition. N,N-Dibutyl-
aniline described above has been proved to be the best solvent, in which such a
polymerization in a shorter reaction time could not be observed. It is known
that, iﬁ the Claisen rearrangement of allyl phenyl ethers, N;N-dialkylanilines are
effective solvents to prevent the decomposition of the reaction mixture?) This
is also the case in the amide-Claisen rearrangement of I to II.

In the previous paper§) we showed that the presence of atmospheric oxygen
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Fig. 1. Effect of the addition of triphenylphosphine in the

rearrangement of I to II in N,N-dibutylaniline

@® In the presence of triphenylphosphine

B In the absence of triphenylphosphine

promoted the decomposition of the reaction mixture to resinous matters in the
amide-Claisen rearrangement of 4-(N-allyl-N-tosylamino)naphthal-N-methylimide to

3-allyl-4-(N-tosylamino)naphthal-N-methylimide. And, in the present study, tri-

phenylphosphine oxide was detected by tlc?) the formation of which might suggest

that hydroperoxides were formed from the allylic compound II. It is known that

the Claisen rearrangement product affords hydroperoxides which may be radical

0)

initiators. Marcinkiewicz and his coworkers1 showed that hydroperoxide VI was

easily formed from 10-allyl-9-phenanthrol during its purification. Chirko et al}l)
also obtained hydroperoxides VII and VIII in a few percent yields, respectively,

by the autoxidation of o-allylanisole. From these, it may be considered that

triphenylphosphine reduces hydroperoxides formed during the reaction to more
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stable species, and excludes the decomposition of the reaction mixture caused by
them.

In conclusion, the additive effect of triphenylphosphine to solvent effect of
N,N-dibutylaniline toward the decomposition made possible the novel rearrangement

of I to ITI, which is useful for the practical synthesis of the latter.
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