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An efficient new route to prepare stereoselectively terminal conjugated dienes by coupling Grignard reagents and dienol phosphates in the
presence of Fe(acac); is described. The synthetic utility of this new iron-catalyzed procedure is illustrated by the synthesis of the pheromone

of Diparopsis castanea according to a very expeditious strategy.

The stereosel ective construction of olefinsis avery important
step for the preparation of various natural products such as
terpenes! or insect pheromones.? Transition-metal-catalyzed
cross-coupling reactions are frequently used because of their
high efficiency in this field. Several compounds mentioned
above have a terminal conjugated dienyl unit like 2 or 4 in
their structure. One of the most straightforward strategies
for introducing such units would be to couple an alkylmetal
derivative with the dienyl halides 1 or 3 (Scheme 1).
Unfortunately, despite its apparent simplicity, this strategy
was very difficult to apply® because the starting dienyl halides
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Scheme 1. Straighthforward Strategy for the Synthesis of
Terminal Conjugated Dienes
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1 or 3 have a strong tendency to polymerize. A casein point
would be chloroprene, which is the well-known precursor
of afamily of synthetic rubbers (e.g., neoprene). It is stored
and transported under inert atmosphere below —10 °C, and
an inhibitor must be added to prevent polymerization.* As a
rule, butadienyl halides are not easy to store, and their
reactions often lead to large amounts of polymers. As a
conseguence, the examples of coupling of 1 or 3 with



Grignard reagents, which are one of the most interesting
organometallics for preparative large-scale procedure, are
very rare.3d

To overcome this difficulty, we would now like to report
a genera and very efficient method for preparing terminal
dienes: the iron-catalyzed cross-coupling reaction between
Grignard reagents and terminal dienol phosphates.®

In the past years, iron-catalyzed cross-coupling reactions
have been extensively studied by us® and others.” In 1998,
we showed that Grignard reagents readily couple with alkenyl
halides in the presence of both iron salts and NMP.5 The
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reaction compares very favorably to the similar palladium
or nickel procedures since it is highly stereo- and chemose-
lective and leads to excellent yields of olefins. Under iron
catalysis, the oxidative addition step is clearly easier than
with palladium or nickel. Thus, even the less reactive alkenyl
chlorides or enol phosphates easily react. In light of these
results, we thought that it would probably be possible to
couple dienol phosphates, which are much more stable than
the corresponding dienyl halides. Thus, they can be stored
at room temperature without any special precaution and are
easily purified by distillation or by chromatography on a
silica gel column. According to our experience with enol
phosphates, the first experiment was performed in THF, at
—20 °C, in the presence of 1% Fe(acac); and 9 equivalents
of NMP (Table 1, entry 1). Under these conditions, butadi-

Table 1. Iron-Catalyzed Cross-Coupling Reaction of OctMgCl
with 1-Butadienyl Phosphate 5%

OctMgCl

N 0PO(OE), N 0ct

x mol % Fe(acac);

5 (E/Z = 99/1) 6 (E/Z = 98/2)
entry solvent Fe(acac)s (%) temp (°C)  yield (%)
1 THF/NMP? 1 —20 54
2 THF 1 —20 82
3 ether 1 —20 75
4 DME 1 -20 79
5 THF 5 —20 78
6 THF 0.5 —20 40
7 THF 1 0 86
8 THF 1 20 92
9 THF 1 40 91

2 0OctMgCl (13 mmol) was added dropwise for 10 min to a solution of
dienol phosphate 5 (10 mmol) and iron acetylacetonate (0.5—5 mol %, see
table) in the solvent mentioned above (30 mL) under stirring. ° Nine
equivaents of NMP based on dienol phosphate.

enyl-diethylphosphate 5 coupled with octylmagnesium chlo-
ride to give 1,3-dodecadiene 6 in only 54% vyield.

In fact, we found that in the case of dienol phosphates,
the presence of NMP is detrimental. Thus, in THF alone the
yield is clearly better (82%, Table 1, entry 2). The reaction
can aso be performed in ether or in DME, but the yields
are dlightly lower (Table 1, entries 3 and 4). There is no
advantage to using more than 1% Fe(acac)s (Table 1, entry
5). On the other hand, the yield significantly decreases when
using only 0.5% (Table 1, entry 6). Finally, we found that,
contrary to enol phosphates, dienol phosphates react more
efficiently at room temperature since the coupling product
is then obtained in excellent yields (Table 1, entry 8).

(8) Fe-Catalyzed Coupling Reaction of Dienol Phosphates with
Grignard Reagents. General Procedure. An oven-dried and nitrogen-
flushed 250 mL four-necked flask, equipped with a mechanical stirrer and
a thermometer, was charged with a solution of Fe(acac)s (1 mol%, 0.25
mmol) in THF (50 mL). The dienol phosphate (25 mmol) was added at
once under stirring, and then the Grignard reagent (30 mmol) was added
dropwise for 20 min. After 15 min, the reaction mixture was quenched
with a1l M agueous HCI solution (50 mL ). The aqueous phase was extracted
with cyclohexane (3 x 30 mL), dried with MgSO,, and concentrated under
reduced pressure. The product was purified by distillation or by column
chromatography (see Supporting Information).
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Several terminal dienol phosphates were coupled in
excellent yields with octylmagnesium chloride (Table 2,

Table 2. Iron-Catalyzed Cross-Coupling Reaction of Dienol and
Trienol Phosphates with Grignard Reagents®

entry phosphate coupling product yield
(%)
1 A opory, Aot 6 2
E/Z=99/1 EIZ = 98/2
2 )\/\opmoa) )\/AOQ 7 8
2 -
EI7 = 96/4 E/Z=90/10

NN
/\/\/\
3 NN (OEY) Oct 8 88

2
£>99% 991
NOPO(OEt)z N Oct
4 9 90
C,-C;: E >99% C-Cy: E>99%

Cy-Cy: ZIE = 93/7 Cy-Cy2 ZIE = 9317

7N "0ct
\r\/\ " 0

E/Z=99/1

5 WOPO(OEt)g
E>99%
Hex v 2 opoor, M~ sBu 11

C,-Cy: E > 99% C-Cy1 E > 9%
C,-C,: ZIE = 57/43 Ca-C.: ZIE = 60/40

7 % /\,/ 61
OPO(OEt), Oct 12

s L L 7
OPO(OE), Bu 13

2 All reactions were performed on a 25 mmol scale. For a genera
procedure see ref . ° Yield of isolated product.

entries 1, 2, and 7). A terminal conjugated trienol phosphate
was aso used successfully (entry 3). The reaction can be
extended to cyclic or acyclic nontermina dienol phosphates
(entries 4—6 and 8). Secondary aiphatic Grignard reagents
(entry 6) led to the expected coupling product in satisfactory
yidds.

Scheme 2. Iron-Catalyzed Cross-Coupling Reaction of Dienol
Phosphate 5 with Aryl Grignard Reagents

F—@—MgBr
~Q
F'

1 mol % Fe(acac);
52%

THF, 30 min, 20 °C
(EIZ=80/20) 14

N 0OPO(OET),

E/Z =991

Aryl Grignard reagents can aso be used; however, a partia
isomerization occurs during the coupling (Scheme 2).

This procedure makes it possible to prepare various
compounds of biological interest having a terminal dienic
system, such as insect pheromones, according to a very

Org. Lett, Vol. 10, No. 12, 2008

efficient strategy. Thisiswell-illustrated by the synthesis of
the pheromone of Diparopsis castanea® described in Scheme
3. It is, to the best of our knowledge, the most expeditious
and efficient preparative route reported until now.*°

Scheme 3. Synthesis of the Insect Pheromone of Diparopsis
castanea (Red Bollworm Math) 16
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In conclusion, we have shown that the coupling of
Grignard reagents with terminal dienol and trienol phosphates
is efficiently catalyzed by 1 mol % Fe(acac)s. The reaction
is stereoselective and gives excellent yields of terminal
conjugated dienes or trienes. It is the first general transition-
metal-catalyzed reaction to achieve such a coupling. The
synthetic interest of this new method of preparation of
terminal dienes and trienes is well-illustrated by the expedi-
tious preparation of an insect pheromone depicted in Scheme
3. The extension of the scope of iron catalysis in preparative
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organic chemistry is a very important target for sustainable Supporting Information Available: Detailed experimen-
development. tal procedures and complete compounds characterization

data. This materid isavailable free or charge viathe Internet
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