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The simpler the better (or going green): The first examples of
the catalytic addition of 1,3-dienes to simple ketones or nitriles
are described. These reactions can be effected on a kilogram
scale, representing the shortest access featuring a perfect atom
economy to molecules of interest in the perfume industry.

Since 1967, it is well known that by using transition metal
catalysts, 1,3-dienes can react with a large variety of nucleophiles.”
For example, it has been shown that 1,3-butadiene can react with a
nucleophile (NuH) to afford different products depending on the
catalyst used (Scheme 1). Thus, with water or an alcohol and using
palladium with monodentate ligands, the reaction usually affords
the linear telomer 1 with good selectivity. However, using bidentate
ligands, a mixture of 3-5 can be obtained as major products.’

Very recently, Beller and co-workers* have shown that, by using
appropriate palladium carbene catalysts, the selectivity can be
completely switched in favour of either the isopropanol-telomer
adduct 1 (Nu = OiPr) or the dimer 6 (Scheme 1). It is interesting to
note that more hindered alcohols such as tBuOH were con-
siderably less reactive under the same conditions. The mechanism
of these reactions has been well studied.>

Active methylene compounds react efficiently with 1,3-dienes
and, by fine-tuning the catalysts, the outcome can be oriented
towards the formation of 1 : 1 or 2 : 1 adducts. Numerous
examples are known using malonates, cyanosulfones or aceto-
acetates.>® Even if palladium remains the metal of choice, these
reactions can be also catalyzed by nickel, platinum, rhodium or
iridium, and very recently Li reported that gold and silver are also
active catalysts.”

However, up to now, addition of 1,3-dienes to simple ketones or
nitriles remains unreported, probably because the pK, values of
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Scheme 1 Reactions of nucleophiles with 1,3-butadiene.
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grapefruit, floral, linalool, fresh

Scheme 2 Ideal reaction to build the odorant 7.

these nucleophiles are too high. In this context, we now report, the
first examples of such reactions and moreover, we show that they
can proceed in the absence of a transition-metal catalyst.

Our initial motivation was to find an efficient and industrial
synthesis of ketone 7 which is a powerful grapefruit odorant.®
Thus, the reaction between 2,3-dimethyl-1,3-butadiene (8a) and
2,4-dimethyl-3-pentanone (9a) would represent the shortest access
to 7, with perfect atom economy (Scheme 2).

In 1991, Narula er al.,” and later Knochel e al'° described the
addition of carbonyl or nitrile derivatives to styrenes, using NaH
or tBuOK respectively. In our initial attempts to access 7, we
decided to test this latter base in amounts between 10 to 70 mol%o.
Moreover, in order to limit the possibility of a double addition
(o and o' to the carbonyl group), we used an excess of ketone 9a.

The choice of the solvent turned out to be critical. Although
DMSO is known to react with 1,3-dienes in the presence of tBuOK
(1,3-pentadiene gave 40% of an isomeric mixture of hexadienes in
17 h at 55 °C, and 1,3-butadiene reacted even faster“), however
this solvent gave a surprisingly good result (Table 1, entry 1).

A preliminary experiment with DMF as solvent gave a slower
reaction compared to DMSO and a somewhat lower yield (Table 1,
entry 2) while Et;N, THF or BuOH were totally inefficient
(Table 1, entries 3-5). DMPU also worked very well (Table 1,
entry 6), indicating that a polar aprotic solvent is clearly required
in these reactions.

Table 1 Reaction of 2,3-dimethyl-1,3-butadiene (8a) and ketone 9a

Diene 8a Ketone rBuOK Solvent” t(th)/  Yield of
Entry (mmol) 9a (eq.) (eq.)’  (ml) 7(°C) 7° (%)

1 33 3 0.4 DMSO (40) 16/60 54
2 33 3 0.4 DMF (40) 48/60 48
3 33 3 0.4 Et;N (40) 48/60 3
4 33 3 0.4 t-BuOH (40) 48/60 0
5 33 3 0.4 THF (40) 48/60 0
6 33 2 0.4 DMPU (40) 48/80 70
7 66 2 0.4 DMF (80) 72/60 63
8 66 2 0.4 DMF (80) 72180 72
9 79 1.2 0.68 DMF (80) 60/90 81
10 633 1.2 0.55 DMF (160)  72/80 86
11 6330 1.2 0.55 DMF (1600) 72/80 83

@ Equivalents relative to the diene. » DMSO = dimethyl sulfoxide,
DMF = N,N-dimethylformamide, DMPU = N, N'-dimethylpropylene
urea. ¢ Yield of isolated product.
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Scheme 3 Reaction of 1-methyl-2-pyrrolidinone with 2,3-dimethyl-1,3-
butadiene (8a).
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Scheme 4 Two minor by-products identified during the kilogram scale
production of 7 (GC%).

Because of its associated odour, DMSO is unsuitable for our
purpose. Whereas 1-methyl-2-pyrrolidinone (NMP) does not have
this drawback, it is even less suitable, as it is not completely inert
and forms the mono- and diadducts 10a and 10b with 2.3-
dimethyl-1,3-butadiene (8a) (Scheme 3)'*'? in variable amounts
(5 to 30%). Among the preferred solvents (DMF, DMSO,
DMPU) we decided to select DMF for further optimisation.

Optimisation of the conditions allowed a decrease in the
quantity of ketone 9a to 1.2 equivalents without competition of
the double addition (Table 1, entries 2, 7, 9) and a reduction in the
amount of solvent with an increase in yield (Table 1, entries 9, 10).

As the optimum temperature was found to be slightly
higher than the boiling point of 2,3-dimethyl-1,3-butadiene (8a)
(68-70 °C), the reaction was effected in a closed reactor. Scale-up
of the reaction is possible (Table 1, entries 10, 11). An experiment
on large scale reproducibly furnished more than 1 kg of isolated
pure ketone 7 (83% yield). Fractional distillation allowed the
isolation of two minor side-products: unsaturated ketone 11 and
cyclohexanol 12 (Scheme 4). It is worth noting that almost no
residue is formed.
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Scheme 5 Set of 1,3-dienes 8, ketones 9 and nitriles 13 used.

Table 2 Reaction of 8a with ketones 9b,c or nitriles 13b,c,e

Ketone
Diene 8a or nitrile tBuOK #(h)/ Yield®
Entry (mmol) (eq.) (eq.)*® T(°C) Product (%)
1 122 9 0.58 72 ol Jod 6l
(1.23) 100 % m‘m
14/15
2 122 9c 0.58 72 0 45
(1.23) 100 )ﬁ/\é(
16
3 96 13b 0.25 18 N 45
0.75) 60 N
17
4 96 13¢ 0.25 45 N )
0.75) 60 N
18
5 96 13e 0.25 18 oN 76
0.75) 60 N

19

“ Equivalents relative to 8a. ” DMF as solvent. ¢ Yield of isolated
product calculated on the starting material used by default.

In order to study the scope and limitations of this novel
reaction, a series of experiments was effected using 8a and various
other ketones 9 and nitriles 13 (Scheme 5 and Table 2). It was
found that nitriles react even better and more rapidly than ketones.

A series of reactions was then effected with 8b (Table 3). This
diene is much more reactive than 8a; and products can be obtained
at or below RT (Table 3, entries 1, 3, 5). It is also possible to
direct the reaction towards either mono or dialkylation products,
depending on the proportion of the starting material used (Table 3,
entry 5).

Other 1,3-dienes can also be employed (Table 4), and yields are
generally good, although the products are often mixtures of regio
and E/Z stereoisomers.' It is interesting to note that 2-methyl-1,3-
pentadiene (8e) rapidly isomerises to 4-methyl-1,3-pentadiene (8g)

Table 3 Reaction between 1,3-butadiene 8b with ketones 9 or
nitriles 13

Ketone
Diene 8b or mitrile tBuOK #(h)/ Yield!

Entry (mmol)* (eq.) (eq.)™ T(°C) Product (%)

1 80 9a 0.15 7 74
0.91) 5 W?%K( E7050:50

2 80 9d 0.15 96 W 60
(1.25) 50 E:Z=75:25

3 96 13e 0.12 2 80
(0.76) 25 "HV\O .- ss 12

4 100 13f 0.12 6 m\@ 231 71
(0.73) 80 E:Z=75:25

5 600 13d 0.09 15 S 24 63
(0.48) 20 N EEEZ=70:30

“Due to the high volatility of 8b these ﬁgures are approximate.
b Equivalents relative to 8b. < DMF as solvent. ¢ Yield of isolated
product calculated on the starting material used by default.
¢ Contains 10% of alkene in the © position. ¥ Contains 15% of
alkene in position 3. # Two other isomers (Z,Z and E,0) are also
present (3% each).
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Table 4 Reaction of various 1,3-dienes 8 with ketone 9a or nitrile 13a

Ketone
Diene  or nitrile /BuOK #(h)/ Yield®
Entry (mmol) (eq.) (eq)™® T(°C) Product (%)
1 8¢ 9a 0.58 7 j i 40
(122)  (1.23) 100 Wf(lmw
2 8d 9a 0.67 35 1 P 84
(79 (1.20) 0o FYRY 44@&(
27 (60:40) 28 (65:35)
3 8f 13a 0.28 72 A@X » 72
96)  (0.75) 100 N Ez=7030
4 8¢ 9a 0.41 16 RS U
©6) (3 40 )\’%Y zw
30 31
5 8h 13a 0.25 15 77
i (0.76) 60 wa@% g(

32 33 34

“ Equivalents relative to diene. ® DMF as solvent except for entry 4
where DMSO was used. © Yield of isolated product.

prior to the addition reaction, affording the products 25 (E/Z =
4/1) and 26 (Table 4, entry 1).

For unsymmetrical dienes 8d or 8f, the ketone or nitrile selec-
tively reacts on the less substituted position (Table 4, entries 2, 3),
whereas with isoprene 8¢ poor selectivity is observed (Table 4,
entry 4).

The reaction of 3-methyl-1,3-pentadiene (8f) with isobutyro-
nitrile 13a (Table 4, entry 3) led to a E/Z mixture of 29 in 72%
yield. Two other unidentified isomers were present but represent
less than 10% of the crude mixture.

In summary, we have shown that the addition of nitriles or
ketones to 1,3-dienes proceeds very efficiently in the absence of a
transition metal catalyst. To the best of our knowledge, such
additions on these essential building blocks are unprecedented in
the literature. This reaction can be effected on a kilogram scale
without any polymerisation and is thus an excellent method for the
efficient synthesis of y,5-enones and 3-butenylnitriles, following the
main tenets of green chemistry (atom and step-economy).*

We wish to thank Mr R. Brauchli, Firmenich SA, for NMR
analysis, Dr C. Fehr, Firmenich SA, and Dr R. L. Snowden,

Firmenich SA, for their daily enthusiasm and support, but also all
our colleagues for the fruitful discussions and correction of this
manuscript.
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