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Catalysed Prototropic Rearrangements.
Isomerization of N-Allylsulphonamides to N-Prop-2-enyl

lysed
N-Propylidene Derivatives
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Part 3. Metal Carbonyl-cata-

and

By André J. Hubert,* Alain Feron, Genevidve Goebbels, Roger Warin, and Philippe Teyssié, Laboratory of
Macromolecular Chemistry and Organic Catalysis, Université de Lie¢ge, Sart Tilman, 4000 Liége, Belgium

N-Allylsulphonamides (4) are readily isomerized in the presence of pentacarbonyliron upon irradiation by u.v. light.
N-Prop-2-enyl derivatives (5) are obtained, and further isomerization under suitable conditions leads to N-propyl-
idenesulphonamides (6). The last reaction proceeds by a specific 1,3-proton migration involving an N—H group

as shown by isotopic labelling experiments.

IN Part 21 we reported on the high efficiency of Asinger
and Fell's procedure for the isomerization of N-allyl-
amides (1) to N-prop-l-enylamides (2). We have now
extended the reaction to N-allylsulphonamides. To
date, isomerization of N-allylamides (1) stopped after
formation of the corresponding enamides (2); further
isomerization to the imides (3) had not been observed
under these conditions. Thermal equilibrium between
some particular imines and the corresponding enamines
is a well documented phenomenon,?3 but to our know-
ledge transition metal catalysis had not yet been applied
to such a reaction.
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RESULTS

The Solvemt.—The solvent plays a determinant role in
this reaction as shown by experiments performed in benzene,
acetone, or methanol. As reported earlier,! the reaction
was run under argon because of the high sensitivity of the
catalytic species to oxygen; isomerization was followed by
n.m.r. spectroscopy {see Experimental section). N-Allyl-
benzenesulphonamide (4a) and N-allyltoluene-p-sulphon-
amide (4b) were readily isomerised to the corresponding
propenyl derivatives (5a and b) in benzene or acetone as
solvent. Typical curves for N-allylbenzenesulphonamide
are shown in Figure 1 (curves a and b). Not only was the

1 Part 2, A. J. Hubert, Ph. Moniotte, G. Goebbels, R. Warin,
and Ph. Teyssié, J.C.S. Perkin I1, 1973, 1954.

rate of the reaction much higher in benzene than in acetone,
but the curves have a rather different shape as an induction
period was detected in the latter case.
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FiGure 1 Isomerization of N-allylbenzenesulphonamide (4a) at

20° in the presence of 109, Fe(CO); and u.v. light: @, (5a);
O, (8a); X, sum of isomerized material

For reactions in methanol, a second migration of the
double bond took place leading to the formation of an
N-sulphonylimine which was detected by n.m.r. spectro-
scopy. A typical pattern is shown in Figure 1 (curves
c and d).

When the isomerization of the methanesulphonamide (4c)
was studied in [2H/Jmethanol, the reaction proceeded as
269. G. O. Dudek and R. H. Holm, J. Amer. Chem. Soc., 1962, 84,

1.

2 J. Dabrowski and J. Terpinski, Tefrahedron Letters, 1965,
1363.
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for the aromatic sulphonamides (4a and b), and the imine
(6c) was formed (Figure 2). Moreover the rate of form-
ation of both products (5) and (6) was practically the same
for all the investigated sulphonamides (4a—c) in methanol
[Figure 1 (curves c and d), see also Figure 2 (curves f and g)].
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FIGure 2 Isomerization of N-allylmethanesulphonamide (4c)
at 20° in methanol in the presence of 109 Fe(CO); and u.v.
light: @ (6¢); O, (6¢c); X, sum of isomerized material.

Isotopic Labelling.—In [?HJmethanol, exchange between
the NH group and OD takes place readily and the sulphon-
amides (4a—c; R? = D) are formed.

When isomerization B takes place, it is therefore possible
to localize the deuterium in the resulting imine (6; R? = D).
In fact, no incorporation of deuterium into the propenyl
group of (5) occurs during migration A whereas deuterium
is found on Cg of the propylidene group of the imine (6;
R? = D) after migration B in [*H,Jmethanol.

In fact, Hg gives a complex signal centred at § 1.5 in
[2ZH,]Jmethanol. This results from the superposition of a
doublet of doublets from the y-methyl group of the propenyl
derivative (5) still present in the solution with the expected
signals. The methyl group of (6) absorbs as a doublet
(3] 7 Hz) at § 0.74. The «-H signal appears as a doublet
(3J 6.2 Hz) at 8 4.39. However, a triplet at § 4.38 shrouded
by this doublet is still detected and originates from spin—
spin (3] 6.0 Hz) coupling of «-H with B-CH, (isotopic
impurity). An isomerization experiment in [*H,Jmethanol
supports this interpretation as the triplet at § 4.38 is
observed exclusively. The localization of the deuterium
atom on B-C is therefore conclusively established by the
observation that the expected triplet (which is effectively
observed in the absence of deuterium) is changed into a
doublet for reactions in the deuteriated solvent.

¢ E. Koerner von Gustorf and F. W. Grevels, Fortschy. Chem.
Forsch., 1969, 18, 366.

J.C.S. Perkin I1

The double migration is observed exclusively in methanol
and not in solvents without hydroxy-groups.

Products—Attempts to isolate the pure enamides
(5a—c) as well as the imines (6a—c) failed up to now;
benzamide and propanol were the sole products observed.
Isolation of (5a), however, seems possible by assuring the
exclusion of water (see Experimental section).

When the sulphonamido-group is disubstituted [e.g.
(4d)], isomerization A of the allyl to the propenyl group
took place readily, but further isomerization to the imine is
unlikely as an alkyl group is required to migrate. In fact
the reaction stopped at the propenyl stage (after 150 min)
and was practically quantitative as shown by n.m.r.
spectroscopy. The signals of the CH,=CH group (3§ 4.8
and 5.2) disappeared and were replaced by absorptions for a
CHy-CH=CH~-N function which appears as an AMX, system
with coupling constants consistent with the frams-isomer
(Jam 14 Hz) (see Experimental section). In this case, it
was possible to isolate the pure enamide (5d) by t.l.c. by
contrast with the above examples.

When R? = allyl [(4e)] the reaction proceeded very
sluggishly; only 209, conversion was observed after
irradiation for 15 h. The monopropenyl derivative (5e) is
therefore probably the main product.

Geometrical Isomerism.—The cis:trans ratio for the
propenylsulphonamides (5a and b) was 30:70 when the
toluene-p-sulphonamide (4b) was isomerised in the presence
of much pentacarbonyliron (amide : catalyst = 2: 1) where-
as a 40: 60 ratio was found for the benzenesulphonamide
(4a). This cis: trans ratio could be estimated by n.m.r.
spectroscopy from signals typical of an olefinic proton
vicinal to a methyl group: the c¢is- and frans-isomers
absorb respectively at § 4.99 (J.; = J-cmcm, =~ 7 Hz) and
4.62 (Jirans 18.5, J-cucm, 7 Hz) as doublets of doublets in
[2Hg]acetone. Surprisingly, N-allyl-N-methylbenzenesul-
phonamide (4d) gave exclusively the frans-isomer (5d).

Oxidation State of the Sulphur Atom.—The isomerization
is specific for sulphonamides as neither diallyl sulphide nor
N-allylbenzenesulphinamide react under these conditions.
Sulphur in a low valence state seems to inhibit isomerization
probably by stronger co-ordination of the functional group
with the catalytic centre.

Catalytic Species—As opposed to allyl ethers,® the
sulphonamides do not show well defined complexes with
pentacarboxyliron by n.m.r. spectroscopy. Some weak,
ill resolved signals are however detected in the § 2.4—3.0
region in benzene or acetone and they may possibly be
attributed to such complexes. On working with a 2:1
mixture of N-allyltoluene-p-sulphonamide and penta-
carbonyliron in [2H,Jmethanol, we also observed a modific-
ation of the signal of the aromatic protons at the end of the
reaction; this can be attributed to the formation of an iron
complex with the product.

DISCUSSION

N-Allylsulphonamides are not isomerized in the
presence of bases. However, we have shown! that
transition metal catalysis can be applied successfully to
the isomerization of various amides. We have now
observed the formation of unsaturated sulphonamides in
high yield by applying the Asinger procedure to the
isomerization of N-allylsulphonamides. The mechanism
generally accepted for such olefin isomerizations consists
in the co-ordination of the substrate with formation of a
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n-complex such as Fe(CO),(alkene).* Recent studies®
postulate a further transformation of the complex to
Fe(CO),(alkene), which would be the precursor of a
hydrido-n-allyl intermediate. This mechanism leads to
a 1,3 hydrogen shift. We clearly observed the form-
ation of a m-complex in the case of allyl ethers,® but
spectroscopic methods were unable to detect un-
ambiguously catalytic intermediates in the case of
amides. This may be related to competitive co-ordin-
ation of the sulphonamido-group and the olefinic system
to the metal which prevents detection of well character-
ized intermediates.

Better information on the mechanism came from
isotopic labelling experiments. Isomerization of sul-
phonamides (4; R% = D) to the imines (6; R? = D) in
[2H,Jmethanol leads to specific incorporation of a
deuterium atom in the B-position of the propylidene
group. This observation is best explained by assuming
a 1,3-shift of deuterium from N to 8-C. Moreover this
result allows rejection of a 1,2 addition—elimination
mechanism as no deuterium exchange takes place on
«-C and no incorporation of deuterium is observed during
step A of Scheme 1.

A concerted 1,3-shift cannot be distinguished from a
n-n-allyl mechanism by the isotopic labelling experi-
ments. In fact, such specific 1,3 migrations are generally
explained by postulating r-allyl type intermediates 57
and according to Whitesides and Nerlan ? there is no
necessity to postulate any sigmatropic migration of
hydrogen as the results are explicable in terms of known
intermediates. Moreover the absence of incorporation
of deuterium in the propenyl compounds (5) during
step A when the reaction is run in [2H,]methanol
requires intramolecular migration of hydrogen within
the co-ordination sphere of the metal without any
H-D exchange from the intermediate =-allyl complex.
This suggests a concerted mechanism.* Therefore,
our results may be explained by Wrighton’s
mechanism as far as step A and possibly step B are
concerned but the formation of a hydrido-r-allyl inter-
mediate does not seem conclusively established. More-
over, the mechanism must account for the observed
solvent effects as reaction B is unambiguously observed
only in hydroxylated solvents (CD,OD, CH;OH). We
therefore propose Scheme 2 which implies the partici-
pation of solvent at the catalytic centre. Scheme 2
explains the selective migration of deuterium onto 8-C
and takes account of the solvent requirement for the
process.

The influence of the solvent on the rate of the overall
isomerization process (Figure 2) can be best explained
by competition between the solvent and the substrate
for the catalytic centre. Acetone and methanol would
be more effective than benzene. Moreover, the rate of

* Note added in proof: H-D exchange seems to be a relatively
slow process in hydrido-w-allyl complexes. The absence of

isotopic exchange therefore does not constitute evidence in favour
of a concerted process (J. A. Osborn, personal communication).

® M. A. Schroeder and M. S. Wrighton, J. Amer. Chem. Soc.,
1976, 98, 6561 and references therein.
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formation of the catalytic species decreases in acetone as
shown by the induction period (Figure 2).

At first it might seem unexpected that imines (6) are
formed from the enamides (5), as it is established that a
sulphonyl group destabilizes a double bond by its
inductive effect.® It must be realized however that,
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besides some shielding of the inductive effect of the
sulphonyl group due to the nitrogen atom, the presence
of the electron pair on the nitrogen atom is an additional
factor which helps to stabilize the conjugated isomer (6)
by the contribution of mesomeric forms which are not
possible with a C=C double bond directly connected to
the sulphonyl group.
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Conclusions.—Isomerization of N-allylsulphonamides
exposure to the Fe(CO);—u.v. light system gives, besides
the usual propenyl derivatives, the formation of imino-
sulphonamides. The first process is observed in benzene
or acetone as solvent whereas the second reaction takes
place exclusively in methanol. The use of isotopic
labelling shows that the second step corresponds to a
1,3 hydrogen shift from the amine-group of the propenyl
derivative which is an intermediate for the formation of
(6). This result agrees with the usual n—r-allyl mechan-
ism (though a concerted 1,3 shift mechanism explains
some of the observations). From the preparative point
of view, the formation of the olefins (5) in good yield
leads to the availability of the ene-sulphonamides as
intermediates in organic synthesis. However, the great
difficulties encountered during purification shows that
they should be used 7» situ.

¢ A. J. Hubert, A. Georis, R. Warin, and Ph. Teyssi¢, J.C.S.
Perkin 11, 1972, 366.

? T. H. Whitesides and J. P. Neilan, J. Amer. Chem. Soc.,
1976, 98, 63.

8 D.Cram, ‘ Fundamentals of Carbanion Chemistry,” Academic
Press, New York, 1965, p. 203.
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EXPERIMENTAL

Starting Materials.—Sulphonamides were prepared from
the corresponding acid chlorides and amines by classical
procedures.? N-Allyl-N-methylbenzenesulphonamide was
prepared by methylation of N-allylbenzenesulphonamide
with methyl iodide in the presence of base.

Technique of Isomevization.—The isomerizations were
performed at 20 °C, as previously reported.:® In some
cases, [*Hglacetone was. used instead of [2Hg]benzene or

J.C.S. Perkin II

of a sample of isomerized material; it was identified as the
corresponding N-propenylamide by n.m.r. spectroscopy.
However, starting material was still present in the com-
pound, and the mixture was not suitable for elemental
analysis.

Isomerization of compounds (4b, ¢, and €). The isomeriz-
ations were performed as above, but the compounds were
identified by n.m.r. spectroscopy only which shows practic-
ally transformation in benzene or acetone as solvent.

Physical data for allylsulphonamides (4) and propenylsulphonamides (5)

B.p. (°C) M.p. Yield
Compound  [p/mmHg] (°C) (%) Formula
(4a) 110 [0.001] 38 71 C,H,,NO,S
(4b) 62 80 C,oH;5NO,S
(40) 100 [0.01] 73 C,H,NO,S
(4d) 120 [0.001] 64 CyoH1,NO,S
(4e) 138 [0.001] 70 1eH,sNO,
(5d) a CyoH,;3NO,S
@ Isolated by t.l.c.
[*H,Jmethanol. The course of the reaction was followed

by n.m.r. spectroscopy by monitoring the characteristic
absorptions of the allyl, propenyl, and propylidene groups.
As shown in Figures 1 and 2, the yields of isomerization
product are practically quantitative in most cases at least
as far as step A is concerned in benzene or acetone as
solvent. Isolation is generally not possible except in the
case of (4d) (see below).

Isolation of the Isomerization Products.—Isomerization of
compound (4a). This reaction was carried out in benzene
(0.5 ml) in the presence of 5 mol %, Fe(CO); [relative to the
substrate (100 mg)] by cooling at 15 °C with exposure to
Pyrex-filtered u.v. irradiation, and was followed by n.m.r.
spectroscopy. The solution of the isomerized material was
filtered in air to separate the precipitate of Fe,(CO),. The
solution slowly deposited crystals which were identified as
benzamide. The solution also contains propanol which
was identified by g.l.c. on a Porapak column at 100 °C.
T.l.c. performed on a silica gel plate thoroughly dried at
110 °C, working in a dry atmosphere and using carefully
dried solvents (benzene—ether 75 : 25) allowed the isolation

® A. Vogel, * Practical Organic Chemistry,’ Longman, London,
1958, 653.

Found (%) Calculated (%)

Cc H N Cc H N
54.9 5.5 7.3 54.8 5.6 7.1
57.0 6.2 6.5 56.8 6.2 6.6
34.9 7.1 11.5 35.5 6.7 10.4
56.8 6.1 6.8 56.8 6.2 6.6
61.0 6.5 6.0 60.8 6.3 5.9
56.8 6.2 6.5 56.8 6.2 6.6

Quantitative yield as shown by n.m.r. spectroscopy.

Isomerization of compound (4d). The isomerization was
carried out in benzene as above but the filtered solution was
stable in air and no amide nor propanol were formed. The
isomerized material (quantitative transformation as shown
by n.m.r. spectroscopy) was separated from the catalyst by
preparative t.l.c. on silica gel as in the previous example.
The isomerized material was collected as a slightly yellowish
oil and was identified as the trans-propenylsulphonamide
(5d) by n.m.r. spectroscopy, § (C¢Dg) 6.71 (dd, «-H), 4.28
(6 ill-defined peaks, 3-H), 2.45 (NMe), and 1.32 (dd, y-Hj,).
The propenyl group appears as an AMX, system (Jay 14,
Jax 1, Jux 6.8 Hz), m/e 211 (M) 211.

Isomerization of compound (4f). As this compound could
be only partially isomerized (209, conversion at most), the
formation of propenyl groups was only detected by n.m.r.
spectroscopy.

Attempted isolation of compound (6a). Any attempt to
isolate (6a) by preparative t.l.c. led to a mixture of benzene-
sulphonamide and enamide (5a), together with some (6a) as
demonstrated by n.m.r. spectroscopy and t.l.c. Obviously
this compound is very readily hydrolysed during purification
on silica gel.
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