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ABSTRACT

1,2-Bis-diarylphosphinites are excellent ligands for the Ni(0)-catalyzed hydrocyanation of certain types of 1,3-dienes. 1-Phenyl-1,3-butadiene,
1-vinyl-3,4-dihydronaphthalene, and 1-vinylindene undergo highly regioselective hydrocyanation under ambient conditions to give exclusively
the 1,2-adducts in good to excellent yields. Using bis-1,2-diarylphosphinites derived from D-glucose, the highest enantioselectivities to-date
for asymmetric hydrocyanation of 1,3-dienes (70 −83% ee’s) have been obtained.

Hydrogen cyanide is an abundantly available feedstock that
is used extensively in industry for the production of polymer
intermediates including adiponitrile, acrylamide, and methyl
acrylate.1 The studies in support of the development of the
adiponitrile process from 1,3-butadiene and HCN by the
Dupont researchers led to many key discoveries in organo-
metallic chemistry.2 Cyanohydrins derived from carbonyl
compounds are intermediates for several pharmaceutical and
agricultural products.3 However, most applications of HCN
as a starting material inasymmetric synthesishave been
limited to 1,2- and 1,4-additions to carbonyl derivatives.3,4

In contrast, except for a few vinylarenes, relatively little

attention has been paid toasymmetrichydrocyanation of
alkenes, even though excellent catalytic efficiency (for
6-methoxy-2-vinylnaphthalene,∼2000 h-1) has been dem-
onstrated for this reaction.5 In the only other successful
example of an asymmetric hydrocynation reported, nor-
bornene gives up to 55% ee for theexo-carbonitrile at 100
°C (1 mol % catalyst, 24 h).6

The lack of interest in this reaction can be traced to the
early results on hydrocyanations of simple alkenes and

(1) (a) Casalnuovo, A. L.; RajanBabu, T. V. Transition-Metal-Catalyzed
Alkene and Alkyne Hydrocyanations. InTransition Metals for Organic
Synthesis 2nd ed.; Beller, M., Bolm, C., Eds.; Wiley-VCH: Weinheim,
2004; p 149. (b) Huthmacher, K.; Krill, S. Reactions with Hydrogen Cyanide
(Hydrocyanation). InApplied Homogeneous Catalysis with Organometallic
Compounds; Cornils, B., Herrmann, W. A., Ed.; VCH: Weinheim, 1996;
Vol. I; p 465. (c) Weissermel, K.; Arpe, H.-J.Industrial Organic Chemistry;
VCH: Weinheim, 1993; p 43.

(2) (a) Tolman, C. A.; McKinney, R. J.; Seidel, W. C.; Druliner, J. D.;
Stevens, W. R. Homogeneous Nickel-Catalyzed Olefin Hydrocyanation.
AdV. Catal.1985,33, 1. (b) Tolman, C. A.Chem. ReV.1977,77, 313. (c)
Tolman, C. A.J. Chem. Educ.1986,63, 199.

ORGANIC
LETTERS

2006
Vol. 8, No. 20
4657-4659

10.1021/ol062002f CCC: $33.50 © 2006 American Chemical Society
Published on Web 09/01/2006



dienes, which seemed to suggest that the reaction needed to
be run at high temperatures, and often, isomeric mixtures of
nitriles were obtained.2a,7These problems are highlighted in
eqs 1a and 1b, which illustrate two of the typical protocols
including the only asymmetric hydrocyanation of a diene
reported to-date. Complexes NiLn [n ) 4: L ) P(OPh)3; n
) 2: L ) DIOP] catalyze the addition of HCN to a number
of 1,3- and 1,4-dienes at 90-120°C to give a mixture of
nitriles. We recently uncovered new reaction conditions under
which readily available, tunable bis-1,2-diarylphosphinites
were found to be good ligands in Ni(0)-catalyzed,low-
temperaturehydrocyanation of 1,3-dienes. In this paper, we
report the first examples of alow temperaturehydrocynation
of dienes including asymmetric variations.

With the goal of examining the scope of the reaction, the
initial experiments were carried out on a number of 1,3-
dienes using bis-1,2-diphenylphosphinite derived from ra-
cemic trans-1,2-cyclohexanediol. A typical protocol repre-
senting the new reaction conditions is shown in eq 2, and
the results for a variety of dienes are tabulated in Table 1.8,9

A mixture of the ligand and Ni(COD)2 was stirred in toluene
at room temperature, and to this was added the diene
followed by 2 M solution of HCN in toluene. The mixture
was stirred for the prescribed length of time, the solvent was
evaporated, and the product was isolated by column chro-
matography. Only limited optimization of reaction conditions
has so far been attempted. 1-Phenyl-1,3-butadiene under
these conditions gave, exclusively, 87% of the 1,2-adduct
(entry 1). The only other component of the product mixture
was unreacted starting material, which was easily removed
by chromatography. With additional substitution at the
1-position (entry 2) the reaction proceeds more slowly, yet
giving the expected product in high selectivity. 1,3-Cyclo-
hexadiene is an excellent substrate, giving an excellent yield
(GC and NMR) of the expected hydrocyanation product at
room temperature (entry 3). Dienes with an exocyclic vinyl
group (entries 4 and 5) are an interesting class of compounds,
useful for the installation of chiral centers at the position of
attachment on the ring as well as at the exocyclic positions
of the side chain.10 Here also exclusive formation of the
expected 1,2-adduct was observed. Geraniol-derived diene
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(which converts it to the cyanate). In the present case, no more than 2 mmol
(2 mL of toluene solution) was used at one time.

Table 1. Hydrocyanation of 1,3-Dienes under Ambient
Conditionsa

a See eq 2 for reaction conditions.b Rest, starting material.c 50 °C, 24
h. d Estimated by GC and NMR.
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in entry 6 gave, surprisingly, a single tertiary nitrile, in>95%
regioselectivity, thus generating an all-carbon quaternary
center in that process. None of the expected 1,2-adduct was
observed under the reaction conditions. 1-Butyl-1,3-butadi-
ene, as expected,7 gave a mixture of 1,2- and 1,4-adducts in
good yields. Under these conditions, methyl penta-1,3-
dienoate (entry 8) failed to react. The starting material was
recovered unchanged.

Encouraged by the moderate reaction conditions under
which the hydrocyanation of 1,3-dienes proceed, the asym-
metric reaction was attempted (eq 3) using various carbo-
hydrate ligands11 including vicinal diarylphosphinitesL1-
L4, derived from D-glucose. We have used this class of
ligands for a variety of reactions12 including, Ni(0)-catalyzed
hydrocyanation of vinylarenes.5a1-Phenyl-1,3-butadiene gave
87% yield and 78% ee for the 1,2-addition product using
the bis-3,5-dimethylphenylphosphinite (L3) as the ligand
(Table 2, entry 1). This 1,3-diene is very reactive, and the
reaction can be carried out at-15 °C, using otherwise
identical conditions, to get an ee of 83%. The product was
converted into known (S)-(E)-2-methyl-4-phenylbut-3-en-1-
ol13 by reduction with DIBAL followed by treatment of the
resulting aldehyde with NaBH4. The configurations of this
alcohol and that of the starting nitrile were assigned by
comparison of the [R]D values and chromatographic retention
times.

The major enantiomer of the product from 1-vinyl-3,4-
dihydronaphthalene (entry 2) was identified after conversion
(DDQ in benzene) to the known5a fully aromatic compound,
(S)-2-(1-naphthyl)propionitrile. Configuration of the product
of entry 3 was assigned by analogy. Those of entries 4 and
5 have not been assigned.

Hydrocyanations of other 1,3-dienes were similarly carried
out, and the results are shown in Table 2. In general,
moderate to high ee’s are obtained for the substrates shown
except in entry 5.

In summary, a new protocol for the asymmetric hydro-
cyanation of 1,3-dienes is reported. We are currently
examining modifications of the phosphinite ligands with the
goal of improving the scope and the enantioselectivity of
the reaction.
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Table 2. Asymmetric Hydrocyanation of 1,3-Dienesa

a See eq 3 and the Supporting Information for reaction conditions and
stereochemical assignments.b Rest, starting material.c Determined by GC
using a Cyclodex-B column or HPLC using Chiralcel OD, OJ or Chiralpak
AS-H columns.8 d At -15 °C (52% conversion).
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