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In a preceding paper (1) we reported some results on
the allylic rearrangement accompanying the coupling and car-

boxylation reactions of 1‘C labelled allyl bromide

CH2=CH-14CH28r (2) in nickel complexes.
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From the coupling reaction (3) we obtained 1,5-hexa~

diene CH2=CHCHZCH2CH=CH2 having the radiecactivity of beth

1 2 3 45 6
the allylic groups equally distributed betwsen the tsrminal

carbon atoms (14C1=1453=“C‘=“C6 = 25%, complete rearrange-

1) m. Dubini, G.P. Chiusoli and F. Montino, Chimica s Indu-
stria (Mmilan) - in press,

2) R.H. Nystrom and J.C. Leak, J.Am.Chem.Soc. 75, 3039 (1953)
2:A9.Lam. S0
Isotopic distributien '4c, = 92%; T4cy = ex.

3) 1.0. Webb and G.T. Borcherdt, J.Am.Chem.So0c.73, 2654 (1951).
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1592 Coupling and carboxylation of the allylic group No.24

ment). In the carboxylation reaction (4) with acetylens and
carbon monoxide, leading to 2,5-hexadienoic acid

CH2=CHCHZCH=CHCUDH. we noted the same behaviour of the ally-

6 5 4 3 21
lic group.

The unreacted allyl bromide recovered from the re-
actions was also found to be rearrangsd to a 50 to SO mixture
of 14CH2=CH-CHzBr and CH2=CH 14CH28r. The rearrangement was
shown to be catalytic. WNickel carbonyl, bis 7 -allylnicksl
bromide (5) and iron-reduced nickel bromide proved to be effec-
tive in promoting this rearrangement.

It was then concluded that an allylnickel bromide might

be responsible for the observed rearrangement, probably acting

in the following way 3

CH, .E:/ CH,
Vo~ 7/ X
CH Ni ( CH
\\ / /

\3 ~\
CH2 Br-—CH2

All nickel monohalides stabilized by coordination with

4) G.P. Chiusoli, Chimica e Industria (Milan), 41, 503, 506,
512, 762 (1959); Angew. Chem. 70, 74 (1960); G.P. Chiusg
l1i eand S. Merzoni, Chimica e Industria 43, 256, 259 (1961);
45, 6 (1963); Z. Weturforschg. 17b, 850 (1962); G.P. Chiy

soli, G. Botteccio and A. Cameroni, Chimica e Industria 44,
131 (1962). -

5) E.D. Fischer and G, Blrger, Z. Naturforschg. 16b, 77 (1961);
Ber. 94, 2409 (1961).
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a suitable ligand are also likely to be effective.

Additional information on the behaviour of the allylic
group is given in the present work.

New data were collected from the study of the coupling
reaction of allyl acetate with nickel carbaonyl, recently de-
scribed by Bauld (6). Operating with 14¢ allyl acetate
CH2=CH 14CH20CDCH3 (7) in tetrahydrofuran or dioxane at 60~
80°C and using the same technique as in our preceding work
(ozonizeation of hexadiene and allyl acetate after gas-chroma-
tographic separation and isplation of the metons derivative
of formaldehyde) we established that unreacted allyl acetate
was not rearranged even with a 1:1 molar ratio of allyl ace-
tate to nickel carbonyl. On the other hand, the hexadiene-
forming allylic groups showed a partial rsarrangement

14 14
(""cy ¢+ Cg = 38%).

A similar result was obtained with 14[: allyl acetats,
acetylene and carbon monoxide (1:1 ratio), nickel carbonyl
and mathanol at 130°C and 50 atm. The unrsacted allyl ace-
tate was shown to be partially rearranged (1403 = 10%) where-~
as the allylic group of the methyl 2,5-hexediencate formed

1
proved to be completely rearranged ( 4C6 = 50%).

6) N.L. Bauld, Tetrahedron Letters No. 19, 859 (1962),

7) Prepared from 14C1 allyl alcohol and acetic anhydride.
Isotopic distribution : 14C, = 99%; 4c; = 1%).



1594 Coupling and carboxylation of the allylic group No.24

Carrying out the coupling reaction on 140 allyl p-toluepn
sulfonate and nickel carbonyl dissolved in tetrahydrofuran at
room temperature (the reactivity of allyl p-toluensulfonate
being higher than that of allyl acetate), the hexadiene-forming
allylic groups wers found to be partially rearranged
(14 14

C, + C6 = 40%); the unreacted allyl p-toluensulfonate

1
showed only a small rearrangement ( 4C

(8)).

5 = 12%, estimated value

It can be concluded from these results that the coupl-

ing and the carboxylation reactions occur independently of

the reanrangement of the unreacted allylic compound.

The complete rearrangement gbserved inthe hexadiengic

ester is consistent with the formation of 7 -allylic complexes

as_intermediates in the carboxylation reaction (1), since from

the alternative hypothesis of rapidly rearranging ¢ -allylic
intermediates rearrangement of unreacted allyl acetats would
be expected. Actually, a rearrangement of only 10% was ob-
served, in spite of the high temperature and the use of metha-

nol as solvent,

B) In order to obtain a product easily separated and purified
as needed for ozonization, the unreacted p-toluensulfonate
was transformed with NaBr in allyl bromide (2). This lat-
ter showed a 14C3 = 20% rearrangement, which is inclusive

of that occurring during the reaction between p-toluensul-
fonate and sodium bromide.
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1f this is correct, a 7 -allylic bond should also be
formed in the coupling reaction. VYet, the partial rearrange-
ment found in the hexadiene formed suggests that the two ai-
lylic halves do not give a symmetrical intermediate according
to the following scheme :

CH CH
/2 28
CH ™™ .~ CH
! Ni {
CH\2 / \ /CH2
DAc AcO

N

Since one of the two molecules should form a 7”7 -ally-
lic bond as shown for the hexadienoic ester, fission of the
C-0 bond in the other should occur to some extent without re-
arrangement, during the reaction with the 7 -allylnickel half.
In other words, to esccount for the uncomplete rearrangement

observed, g non symmetric transition state should be postu-

lated, as already noted on sterecchemical grounds for the

coupling reaction of halocrotonic esters and nitriles (9) :

CH ACU-'CH2

2
A \
CH P Ni ~ CH
\% | ya
CHZ 0Ac CH2

We thank Prof. A. Quilico for his interest in this work.

9) G.P. Chiusoli and G. Cometti, Chimica e Industria ég! 404
(1963).




