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Pivotal Role of (E)-3-Carbamoyl-1-propenylboronic Acid
in the Combination of Suzuki-Miyaura Coupling and Enzyme Reactions:
Synthesis of (3E,5E)- and (3E,5Z)-6-Phenyl-3,5-hexadienoic Acid
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The first example of the enzyme-catalyzed hydrolysis of a
nitrile bearing alkenylboronic acid functionality and its
application to the synthesis of dienecarboxylic acids are
described.  (E)-3-Carbamoyl-1-propenylboronic acid was
obtained by an incubation of the corresponding nitrile with
Rhodococcus rhodochrous IFO 15564. Palladium(0)-catalyzed
cross-coupling reaction of the product with (E)- and (Z)-
bromoalkenes afforded the (3E,5E)- and (3E,5Z)-unsaturated
amides, respectively. The second incubation of the above
amides with the same microorganism provided the carboxylic
acids with the defined configuration of conjugated double bonds.

Enzyme-mediated hydrolysis of nitriles allows their
transformation into amides and carboxylic acids under mild
conditions.] Indeed, the hydrolysis of B,y-unsaturated nitrile 1
proceeded without any migration or isomerization of double
bond, which was exploited as the key-step of a natural product
synthesis.2 The successful result prompted us a preparation of
novel building blocks 2 and 3. These boronic acids would be
coupled with alkenyl halides with a catalytic action of a
palladium(0) complex under Suzuki-Miyaura cross-coupling
‘conditions3 to provide dienes with a defined (E,E)- or (E,Z)-
configuration.
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Toward this end, nitrile 44 was prepared from propargyl
bromide via hydroboration with catecholboraneS and the
subsequent treatment with tetraethylammonium cyanide.6
Hydrolysis of 4 by an incubation with the resting cells of
Rhodococcus rhodochrous IFO 15564 smoothly proceeded to
afford the corresponding amide 3 (75%).7 This result indicated
that the major product of the microbial hydrolysis was ascribed
to the action of nitrile hydratase. In contrast, the further action
of amidase on 3 was slow; even after a prolonged incubation (7
days), the yield of the carboxylic acid 2 reached only as low as
30%. Previous examples showed that amides possessing another
carboxylic acid functionality in the same molecules were poor
substrates of amidase,8 thus the total result would be explained
by an analogy of boronic acid to carboxylic acid.
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The subsequent palladium(0)-catalyzed cross-coupling
reaction of 3 with bromoalkenes (E)-5° and (Z)-510 worked to
give (3E,5E)-6 (49%) and (3E,5Z)-6 (70%)11 under an
elaborated condition; a careful addition of base (0.7N aqueous
NaOH solution)!? in several portions was neccesary with
monitoring the progress of the reaction. The further incubation
of the coupling products 6 yielded the corresponding carboxylic
acids (3E,5E)-7 (87%) and (3E,5Z)-7 (79%) without any
disarrangement of the configuration of the double bonds.13
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In conclusion, (3E,5E)- and (3E,5Z)-6-phenyl-3,5-
hexadienoic acids were synthesized by the combination of R.
rhodochrous-mediated hydrolysis and palladium(0)-catalyzed
coupling reaction. As the key intermediate, (E)-3-carbamoyl-1-
propenylboronic acid can be isolated as very stable crystallines,
the present synthesis will lead to a convenient preparation of
various amides and carboxylic acids with diene systems of
defined configuration.
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