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Direct synthesis of cinnamaldehyde derivatives by reaction
of aryl bromides with 3,3-diacetoxypropene catalyzed by a
palladium—tetraphosphine complex

Florian Berthiol, Henri Doucet*, and Maurice Santelli*

Laboratoire de Synthese Organique, Faculté des Sciences de Saint Jérome, UMR 6180 CNRS and Université d’Aix-Marseille I11:
“Chirotechnologies: catalyse et biocatalyse”, Avenue Escadrille Normandie-Niemen, 13397 Marseille Cedex 20, France

Received 8 March 2005; accepted 19 April 2005

The tetraphosphine all-cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cyclopentane in combination with [Pd(C;Hs)Cl], affords
an efficient catalyst for the synthesis of cinnamaldehyde derivatives by reaction of aryl bromides with 3,3-diacetoxypropene. The
reaction gave directly the cinnamaldehyde derivatives very selectively. The coupling reaction of heteroaryl bromides or sterically
congested aryl bromides such as 2,4,6-trimethylbromobenzene also proceeds.
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Cinnamaldehyde derivatives bearing various substit-
uents on the aromatic ring are useful precursors for
synthetic organic chemist. Palladium-catalyzed Heck
reaction is one of the most powerful method for the
formation of C—C bonds [1-7]. However, the synthesis
of cinnamaldehyde derivatives by coupling of aryl bro-
mides and acrolein is difficult due to the low stability
and the low boiling point of acrolein. Most of the
reaction described with acrolein were performed using
reactive but expensive aryl iodides [8—12]. Few results
have been described with less reactive aryl bromides [13].
Some examples of synthesis of cinnamaldehyde deriva-
tives using the protected acrolein: acrolein diethylacetal
have also been described [14]. With this substrate the
reactions proceed in good yields with a variety of aryl
bromides and iodides. These reactions were performed
using Pd(OAc), (3%), K,CO; (1.5equiv.), KCI
(1 equiv.), "BuyNOAc (2 equiv.) as reaction mixture.
However, the reactions performed with acrolein die-
thylacetal in the presence of a palladium/phosphine
ligand catalyst led to mixtures of cinnamaldehyde
derivatives and 3-arylpropionic esters. Palladium cata-
lysts bearing ligands are often more efficient than
“ligand free” palladium catalysts for Heck reaction
using aryl bromides [15-23]. In order to obtain selec-
tively cinnamaldehyde derivatives with catalysts bearing
phosphine ligands we have studied this reaction in the
presence of 3,3-diacetoxypropene. To our knowledge,
the selectivity of Heck reaction with 3,3-diacetoxypro-
pene has never been described. We studied this reaction
using the thermally stable all-cis-1,2,3,4-tetrakis
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(diphenylphosphinomethyl)cyclopentane or tedicyp [24]/
palladium catalyst (figure 1). We have already reported
some results obtained in allylic substitution [24], for
Suzuki cross-coupling [25] and for Sonogashira reaction
[26] using this tedicyp/palladium catalyst. We have also
reported several results obtained for Heck reaction
[27-35]. We herein report on the reaction of aryl and
heteroaryl bromides with 3,3-diacetoxypropene.

For this study, based on our previous results [27],
DMF was chosen as the solvent. The reactions were
performed at 130 °C, under argon, in the presence of a
ratio 1/2 of [Pd(C5H;)Cl],/tedicyp as catalyst. 3,3-Di-
acetoxypropene was prepared on a large scale by addi-
tion of 3 mol% of FeCl;.6H,O to a mixture of acrolein
(1 equiv.) and acetic anhydride (3 equiv.) at 0 °C [36].

First, we studied the reaction of 4-rbutylbromoben-
zene with 3,3-diacetoxypropene using K,CO; as base.
The formation of 3-(4-tert-butylphenyl)propenal was
observed selectively in the presence of 1% catalyst
(scheme 1, table 1, entry 10). 1-Aryl-3,3-diacetoxypro-
pene was not detected. This observation indicates that
the deprotection of the aldehyde function occurs before
or during the catalytic cycle. This coupling reaction
might proceed by reaction of aryl bromides with palla-
dium followed by coordination of 3,3-diacetoxypropene.
Then, the deprotection of the aldehyde would occur
during one of the next steps of the catalytic cycle.
However, 3,3-diacetoxypropene is not very stable under
basic conditions [36], and the addition of acrolein
coming from a slow base-deprotection of 3,3-diacet-
oxypropene to the palladium complex is also possible.
Several bases have been tested such as Na,COs;,
NaHCO;, Cs,CO3, K>,CO;5 or KF for the coupling with
4-tbutylbromobenzene. The best results were obtained
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Scheme 1.
Table 1

Palladium-catalyzed coupling reaction of aryl halides with 3,3-diacetoxypropene (scheme 1) [37]

Entry Aryl bromide Alkene Product Ratio substrate/catalyst Yield®
1 Iodobenzene 3,3-Diacetoxypropene 1 1000 100 (89)
2 4-Trifluoromethylbromobenzene 3,3-Diacetoxypropene 2 250 100 (87)
3 4-Trifluoromethylbromobenzene Acrolein 2 250 0
4 4-Fluorobromobenzene 3,3-Diacetoxypropene 3 100 100 (85)
5 4-Fluorobromobenzene 3,3-Diacetoxypropene 3 250 24
6 4-Fluorobromobenzene Acrolein 3 100 12
7 Bromobenzene 3,3-Diacetoxypropene 1 250 94 (84)
8 4-Bromotoluene 3,3-Diacetoxypropene 4 100 91 (82)
9 4-Bromotoluene Acrolein 4 100 0

10 4-rButylbromobenzene 3,3-Diacetoxypropene 5 100 100(91)

11 4-tButylbromobenzene 3,3-Diacetoxypropene 5 250 40

12 4-rButylbromobenzene 3,3-Diacetoxypropene 5 100 57°

13 4-tButylbromobenzene 3,3-Diacetoxypropene 5 250 26¢

14 4-rButylbromobenzene 3,3-Diacetoxypropene 5 250 04

15 4-tButylbromobenzene 3,3-Diacetoxypropene 5 250 0°

17 4-rButylbromobenzene 3,3-Diacetoxypropene 5 25 of

18 4-tButylbromobenzene 4-Acrolein 5 50 0

19 3-Trifluoromethylbromobenzene 3,3-Diacetoxypropene 6 250 97 (90)

20 3-Bromotoluene 3,3-Diacetoxypropene 7 100 100 (90)

21 3-Bromotoluene 3,3-Diacetoxypropene 7 250 56

22 2-Bromo-6-methoxynaphthalene 3,3-Diacetoxypropene 8 250 100 (92)

23 2-Bromo-6-methoxynaphthalene Acrolein 8 250 0

24 2-Trifluoromethylbromobenzene 3,3-Diacetoxypropene 9 100 100 (89)

25 2-Trifluoromethylbromobenzene 3,3-Diacetoxypropene 9 250 67

26 2-Fluorobromobenzene 3,3-Diacetoxypropene 10 100 63 (57)

27 2-Bromotoluene 3,3-Diacetoxypropene 11 100 100 (89)

28 1-Bromonaphthalene 3,3-Diacetoxypropene 12 250 100 (93)

29 1-Bromonaphthalene 3,3-Diacetoxypropene 12 100 2f

30 1-Bromonaphthalene Acrolein 12 100 0

31 2.,4,6-Trimethylbromobenzene 3,3-Diacetoxypropene 13 100 46 (42)

32 2,6-Diethyl-4-methylbromobenzene 3,3-Diacetoxypropene 14 50 42 (40)

33 2-Bromopyridine 3,3-Diacetoxypropene - 100 0¢®

34 3-Bromopyridine 3,3-Diacetoxypropene 15 100 58 (54)

35 3-Bromoquinoline 3,3-Diacetoxypropene 16 250 100 (87)

36 4-Bromoisoquinoline 3,3-Diacetoxypropene 17 100 63 (54)

37 2-Bromothiophene 3,3-Diacetoxypropene 18 100 60 (53)

Conditions: [CIPd(C;H5)],/tedicyp = 1:2, aryl halide: 1 mmol., 3,3-diacetoxypropene or acrolein: 3 mmol., K,COj3: 3 mmol., DMF, 130 °C, 20 h,
argon, GC and NMR yields.

? Yields in parentheses are isolated.

® NaHCO, (3 mmol) was used as base.
¢ Na,COj; (3 mmol) was used as base.
4 KF (3 mmol) was used as base.

¢ Cs,CO3 (3 mmol) was used as base.

f Reaction performed with [CIPd(C3Hs)], as catalyst without ligand.
€ The formation of 2,2’-bipyridine was observed.
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with K,COj;. Several reactions using directly acrolein
instead of 3,3-diacetoxypropene using similar conditions
(DMF, K,CO3, 130 °C) were also performed, but in all
cases except one the cinnamaldehyde derivative was not
detected (table 1, entries 3, 6, 9, 18, 23 and 30). These
results seem to indicate that at the elevated temperature
required for this reaction (130 °C), acrolein rapidly
polymerises. It should also be noted that the two reac-
tions performed with [Pd(C;Hs)CI], as catalyst in
absence of ligand were unsuccessful (Table 1, entries 17
and 29).

Next, we studied the influence of some substituents
on the aryl bromide of the reaction-rate and on the
selectivity. We observed that in most cases the reactions
performed with 3,3-diacetoxypropene proceed very
smoothly and the cinnamaldehyde derivative was
obtained selectively (scheme 1, table 1). Complete con-
versions can be achieved with 1-0.4% of this catalyst for
activated substrates such as 4-trifluoromethylbromo-
benzene or 4-fluorobromobenzene (table 1, entries 2, 4
and 5). With the deactivated aryl bromides 4-bromo-
toluene or 4-tbutylbromobenzene similar reactions rates
were observed indicating that the oxidative addition is
probably not the rate-limiting step of this reaction
(table 1, entries 8, 10 and 11). We also compared the
reactivity of iodo- and bromobenzene and, we observed
a slower reaction with bromobenzene than with iodo-
benzene (table 1, entries 1 and 7).

Then, we studied the influence of the presence of
ortho substituents on the aryl bromides on the reaction
rate. We observed that the coupling of 2-trifluorom-
ethylbromobenzene or 2-fluorobromobenzene also pro-
ceeds in the presence of 1-0.4% catalyst (table 1, entries
24-26). With the other ortho-substituted aryl bromides:
2-bromotoluene or 1-bromonaphthalene similar reac-
tion rates were observed. These results indicate that the
presence of one ortho-substituent on the aryl bromide
has a minor effect on the kinetic of the reaction. Then,
we tried to evaluate the difference of reaction rate
between mono- and di-ortho-substituted aryl bromides,
and we observed that even the hindered aryl bromides
2,4,6-trimethylbromobenzene or 2,6-diethyl-4-methylb-
romobenzene could be coupled with 3,3-diacetoxypro-
pene. However, slower reactions were observed in both
cases (table 1, entries 31 and 32). Finally, we have
investigated this reaction in the presence of five hetero-
aryl bromides. With 3-bromopyridine, 3-bromoquino-
line, 4-bromoisoquinoline or 2-bromothiophene, the
corresponding aldehydes were obtained selectively in the
presence of 1-0.4% catalyst (table 1, entries 34-37). On
the other hand, 2-bromopyridine gave 2,2’-bipyridine as
the only product (table 1, entry 33). We had already
observed the formation of this side-product for Heck
reaction in the presence of styrene or nbutylacrylate [30].

In conclusion, the use of 3,3-diacetoxypropene with
aryl or heteroaryl bromides and the tetradentate ligand
tedicyp associated to a palladium complex provides a

convenient method for direct synthesis of cinnamalde-
hyde derivatives. The formation of 1-aryl-3,3-diacet-
oxypropene derivatives was not observed. This result
indicates that the deprotection of the aldehyde occurs
before or during the catalytic cycle. 3,3-Diacetoxypro-
pene appears to be a thermally stable source of acrolein.
As expected, the steric hindrance of the aryl bromides
has an effect on the reaction rate. The presence of ortho-
substituents generally led to lower TONs than the
reactions performed in the presence of para-substituted
aryl bromides. For most of the substrates, the reaction
can be performed with 1-0.4% catalyst without further
optimisation of the reaction conditions. We believe that
this procedure compares favourably with the other sys-
tems that have been reported for the synthesis of cin-
namaldehyde derivatives via Heck reaction.
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