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A Facile Synthesis of Optically Active y-Cyanoallylic Alcohols Using Asymmetric
Hydrocyanation of o, B-Alkenyl Aldehydes Followed by Stereospecific [3.3]Sigmatropic
Chirality Transfer of the Cyanohydrin Acetates
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Optically active y-cyanoallylic alcohols were synthesized by using
asymmetric hydrocyanation of o, B-alkenyl aldehydes catalyzed by peptide-
titanium complex to give a-cyanoallylic alcohols (cyanohydrins) with high
optical yields followed by palladium complex catalyzed [3.3]sigmatropic

chirality transfer of the corresponding acetates.

Optically active y-cyanoallylic alcoholsl) (D can be an important OH
synthetic intermediate of several natural products and biologically R /lv\CN
active compounds. A general and facile synthetic route to 1, therefore,
has been a center of interest in synthetic organic chemistry. Our recent 1
success in an asymmetric hydrocyanation of aldehyde by the addition of hydrogen cyanide
catalyzed by peptide-titanium complexz’ 3) encouraged us to develop a facile route to optically
active 1 utilizing the asymmetric reaction of o, B-alkenyl aldehyde followed by [3.3]sigmatropic
chirality transfer of the corresponding cyanohydrin acetate catalyzed by palladium complex as
shown in Scheme 1.

For example, the hydrocyanation of trans-2-octenal Q OH
(0.5 mmol) by hydrogen cyanide (0.75 mmol as a toluene O —N u

solution) was carried out in toluene (3 mL) for 119 h at \—< COOMe

%,

o
-60 C under N, in the presence of 10 mol% of a complex \

formed by mixing equimolar amounts of titanium (IV) Nap-S-Val-S-Phe-OMe (2)
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ethoxide and Nap-S-Val-S-Phe-OMe (2) at room temperature for 30 min, to give the

corresponding cyanohydrin in 83% yield4) with enantiomeric purity of 89% (R).5) The results of
the hydrocyanation of several o, B-alkenyl aldehydes are summarized in Table 1. The reactions
of trans-2-octenal, trans-2-hexenal, and trans-cinnamaldehyde proceeded in good yields as well

as with high enantioselectivities.

TI(OEY) 4- 2 OH Acs0 / Py

R Y CN

OAc Pd OAc
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Scheme 1.

Since optically active a-cyanoallylic alcohols with high enantiopurities were in hand,
palladium complex catalyzed [3.3]sigmatropic chirality transfer of the corresponding acetates
was examined. [3.3]Sigmatropic rearrangement of allylic acetates in the presence of a catalytic
amount of palladium complex was systematically studied by Overman,6) and the
rearrangement of the racemic cyanohydrin derivatives was reported by Mandai.7) However, the
chirality transfer of optically active a-cyanoallylic alcohols in the rearrangement has not been
studied. The rearrangement was carried out using the corresponding optically active
cyanohydrin acetate which was readily prepared by treatment of the cyanohydrin with acetic
anhydride and pyridine. When 10 mol% of PdCl5(CH3CN), was used as catalyst, the
rearrangement of (R)-trans-2-octenal cyanohydrin acetate (89% ee) in THF at room
temperature proceeded in good yield with complete stereospecificity. (R)-4-Hydroxy-nona-2-
enonitrile (1, R=n-CzH, ;) was obtained after hydrolysis of the acetate (89% ee).s) Similarly, (R)
-4-hydroxy-hepta-2-enonitrile (82% ee)(1, R=n-C3H,) was obtained from (R)-trans-2-hexenal
cyanohydrin (85% ee). The rearrangement of cinnamaldehyde cyanohydrin acetate (73% ee)
smoothly proceeded in the presence of Pd(OAc), (5 mol%) and PPhg (12.5 mol%) to give the

corresponding -cyanoallylic alcohol (60% ee)(1, R=Ph). These are the first examples of the
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chirality transfer of optically active a-cyanoallylic alcohols in the [3.3]sigmatropic

rearrangement.

Table 1. Asymmetric hydrocyanation of a,3-alkenyl aldehydes
catalyzed by the complex from 2 and Ti(OEt) 4

Aldehyde Temp /°C Time/h Conv/ % % ee(confign)
n-csﬂﬂ/\/CHo -60 119 83 89(R)
n-CyH, 1O 20 22 93 85 (R)
ph~CHO 40 18 82 81(R)
. _CHO -60 71 74 70

\rCHO -60 46 90 72

/\/j/CHO -60 143 28 60

A CHO -60 143 78 60
n-Bu-C=C-CHO -40 2 57 68

Thus, the asymmetric hydrocyanation of o, B-alkenyl aldehyde follawed by [3.3]sigmatropic
chirality transfer of the corresponding acetate catalyzed by palladium complex offers a facile
synthetic route to optically active y-cyanoallylic alcohols.
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(0126 -28.8" (c 0.62, CHCLy). lit."® [a] 25 +36.8" (¢ 0.99, CHCIy) as (S)-form ; The ee value
was confirmed to be 89% by 1H NMR analysis of the corresponding MTPA ester.
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