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In the course of an investigation on the reactivity of g, & -unsaturated
acid chlorides (e.g. 2-methyl~3-butenoylchloride) with aliphatic primary and
secondary amines, we observed that during the reaction, depending on the
conditions and the amine structure, a double bond shift from the B, 4 to the
a,f position can occur.

This fact was unexpected since in the literature no limitation is
reported to transform any acid chloride to the corresponding N-alkyl or
N,N-dialkyl-amide. Purthermore the alcoholysis of B, § -unsaturated acid
chlorides in the presence of t.amines affords only B,J’-unsaturated estera(z).

We observed that, when 2-methyl-3-butenoylchloride (I) in pentane or
diethylether at 0°C, was reacted with diisopropylamine (molar ratic (I)/amine
= 1/2) by adding amine to (I), a reaction mixture containing prevailingly
two isomers was produced.

To the first (Found: C, 72.02; H, 11.31; N, 7.78; Calcd. for C11H21N0:

C, 72.08; H, 11.55; N, 7.64) on the basis of the I.R. ( Onmx 1660, 1627, 840,
820 cm_1) and N.M.R. spectra (100 Mc) in 06D6 ( ()a 141.17, Ob 537.6,

N o 171.3, Dd 346,8, De 116.9 c.p.s. from T.M.S.; Jab 6.8, Jac 1.2, ch 1.8,
Jde 6.8 c.p.8.) and by comparison of its physical properties with those of an
authentic sample of this compound, we assigned the structure of trans-N,N-
diisopropyl~2-methyl-2-butenamide (II). (Pig. 1)

To the second component of the reaction mixture (Found: ¢, 72.17;

H, 11.59; N, 7.82) on the basis of the I.R. ( 0 1640, 1630, 995, 910 cm ')
and the N.M.R. spectra (100 Mc) in C,D, ( U, = U,, 520, U, 585, U4, 134,

v 413.0, Vg, 358, Oy 113, Oy,

structure of N,N-diisopropyl-2-methyl-3-butenamide (III) (Fig. 1).
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The isomeric ratio (II)/(III) was 67/29.

By changing the reaction time and temperatures, the ratio is almost
unaffected. However, when (I) was reacted with diisopropylamine at 0°C by
adding (I) to amine, the product contained mostly amide (II) (94 %) besides
amide (III) (5 %).

The molar ratio a,pf unsaturated amide/B,d” unsaturated amide is largely
affected by the structure of the amine used (Table 1).

In order to obtain some information about the mechanism of the above
reactions the reactivity of (I) with amines-N-d was investigated. By reacting
(I) with diethylamine-N-d the corresponding N,N-diethylamide was obtained;
however the reaction of (I) with diisopropylamine-N-d provided a reaction
mixture containing partially deuterated a,p unsaturated amide (II) and no
deuterated B, ¥ unsaturated amide (III).

By comparison of the N.M.R. spectrum (100 Mc) of the partially deuterated
a,f unsaturated amine with that of an authentic sample of trans-N,N-
diisopropyl-z-methyl-4d1-2-butenamide(3)
of the trans-N,N-diisopropyl-2-methyl-4d,-2-butenamide (Iv) (41 %), of
trans-N,N-diisopropyl-2d, methyl-2-butenamide (V) (41 %) and of the amide (II)
(18 %).

The results obtained cannot be explained on the basis of an isomerization

» we found that the former consists

of the B, ¥ unsaturated amide (III) as no isomerization of (III) to (II) was
found maintaining (III) for 24 hours in the presence of diisopropylamine.

The formation of an intermediate unsaturated ketene, as has been observed
in the reaction of a,p unsaturated acid chlorides with tertiary amineéz) must
also be excluded.In fact by the most probable 1,2 addition(Z) of the
diisopropylamine-N-d, such a ketene should give rise to an g, & unsaturated
amide deuterated in position 2 which was not found in the reaction products.

From the results presented in Table 1 it is also clear that the different
course of the reaction of (I) with the different secondary amines can not be
explained only on the basis of the basic strength of the amines, because
amines having almost the same dissociation constants(4) (e.g. diethylamine
and diisopropylamine) lead to very different results.

Taking into account the products of the reaction of (I) with
diisopropylamine-N-d, we think that the bulkiness of the secondary amine used
plays an important role and that the reaction may proceed both by direct



No.27
Pig. 1
,Cﬂs(e)
(a)HBC\ cou(-cu(dz ))2 (a")H
C == CH, (e c
- 3
(b)H/ \CH3(c) (b')H/
Table 1

e C\(e,) IGH3(3')

CH -~ CON(~CH(f') )2

CH3(d') CHB(h')

Products from reaction of 2-methyl-3-butenoylchloride (I) with amines
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P r o d uc¢c t s
Amine -
B,d unsaturated amide % a,p unsaturated amide %
(CH 3 ) ,CHNH,, cn;cn—gg—conncn ( CH3 ) 2 100 - -
3
(CH 3) SNH CH 2=CH-gII§-CON(CH3 ) 2 100 - -
3
C 2H5 ) SN CH2=CH-$—CON( 02H5 ) o 100 - -
3
%
(CH, CH~CH,, ) ,NH CH2=CH-QH—CON[CH20H(CH3) 2o | 97 CH3-CH=(;—CONECH2CH(CH3) oo | 3
CH CH
3 3 3
[(CH3) 20H-]2NH CH2=CH-gg-CON[CH(CH3) 212 29 CH3-CH=3;CON[0H(CH3) 2]2 67
3 3
trans
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nucleofilic attack of the amine on the chloroformylic group and through the

zwitterions (VI) and (VII)

R
H 7:¥::
R
CH, \\\c =0
R~ (&)
Ry O/
/ AN
H
(vI)

Although the above possibility may also account for the course of the

reaction of (I) with different secondary amines, a definitive explanation

must await in our opinion further experimental work.
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